Arxius de Miscel-lania Zoologica, 19 (2021): 273-287 ISSN: 16980476

Community of macroparasites

of the Pacific barracuda

Sphyraena ensis Jordan and Gilbert, 1882
(Perciformes, Sphyraenidae) from the
north coast of Peru

D. Minaya, D. Ferre, M. Garcia, L. Alvarifio, J. lannacone

Minaya, D., Ferre, D., Garcia, M., Alvarifio, L., lannacone, J., 2021. Community of mac-
roparasites of the Pacific barracuda Sphyraena ensis Jordan and Gilbert, 1882 (Perciformes,
Sphyraenidae) from the north coast of Peru. Arxius de Miscel-lania Zoologica, 19: 273-287,
Doi: https://doi.org/10.32800/amz.2021.19.0273

Abstract

Community of macroparasites of the Pacific barracuda Sphyraena ensis Jordan and Gilbert,
1882 (Perciformes, Sphyraenidae) from the north coast of Peru. This study aimed to report
the community of macroparasites of the Pacific barracuda Sphyraena ensis Jordan and
Gilbert, 1882 (Perciformes, Sphyraenidae) from the north coast of Peru. From September
to October 2019, 138 specimens of S. ensis were acquired from Caleta de Zorritos, Con-
tralmirante Villar Province, Tumbes, on the north coast of Peru. The community of parasites
found consisted of nine species of parasites including monogeneans, copepods, trematodes
and nematodes. The total body length of the fish was negatively correlated with the mean
intensity of infestation of Pseudochauhanea sp. The mean abundance of Pseudochauhanea
sp. also showed a marked significant difference between the populations of male and female
fish, being more associated with males. We provide a list of macroparasites recorded in
fish of the genus Sphyraena in the Eastern Pacific Ocean.

Checklist dataset published through GBIF (Doi: 10.15470/5htffh)
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Resumen

Comunidad de macroparasitos de la barracuda del Pacifico Sphyraena ensis Jordan and
Gilbert, 1882 (Perciformes, Sphyraenidae) de la costa norte de Perd. El objetivo de este
estudio es informar sobre la comunidad de macroparasitos de la barracuda del Pacifico
Sphyraena ensis Jordan and Gilbert, 1882 (Perciformes, Sphyraenidae) de la costa norte
de Peru. De septiembre a octubre de 2019 adquirimos 138 ejemplares de S. ensis en
Caleta de Zorritos, provincia Contralmirante Villar, Tumbes, en la costa norte de Peru. La
comunidad de parasitos encontrada estaba constituida por nueve especies de monogéneos,
copépodos, trematodos y nematodos. La longitud corporal total de los peces se correlacio-
né negativamente con la intensidad media de infestacion por Pseudochauhanea sp. Por
otra parte, la abundancia media de Pseudochauhanea sp. mostré una marcada diferencia
significativa entre las poblaciones de peces machos y hembras, estando mas asociada a
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los machos. Proporcionamos una lista de macroparasitos registrados en peces del género
Sphyraena presentes en el océano Pacifico Oriental.

Lista de datos publicados en GBIF (Doi: 10.15470/5htffh)

Palabras clave: Ecologia, Ectoparasitos, Helmintos, Ictiologia, Parasitologia

Resum

Comunitat de macroparasits de la barracuda del Pacific Sphyraena ensis Jordan and Gilbert,
1882 (Perciformes, Sphyraenidae) de la costa nord del Perd. L'objectiu d'aquest estudi és
informar sobre la comunitat de macroparasits de la barracuda del Pacific Sphyraena ensis
Jordan and Gilbert, 1882 (Perciformes, Sphyraenidae) de la costa nord del Peru. De setembre
a octubre de 2019 vam adquirir 138 exemplars de S. ensis a Caleta de Zorritos, provincia
Contraalmirante Villar, Tumbes, a la costa nord del Peru. La comunitat de parasits trobada
va estar constituida per nou espécies de monogenis, copepodes, trematodes i nematodes.
La longitud corporal total dels peixos es va correlacionar negativament amb la intensitat
mitjana d'infestacié per Pseudochauhanea sp. D'altra banda, I'abundancia mitjana de
Pseudochauhanea sp. va mostrar una marcada diferéncia significativa entre les poblacions
de peixos mascles i femelles i estava més associada als mascles. Proporcionem una llista de
macroparasits registrats en peixos del génere Sphyraena presents a l'ocea Pacific Oriental.
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Introduction

Macroparasite communities in marine fish are composed of ectoparasites and endoparasites
(Violante—Gonzalez et al., 2019). These two groups exhibit different transmission strate-
gies. Ectoparasites, for example, are often transmitted between individual hosts through
contact, whereas endoparasites use trophic transmission routes (Violante—Gonzalez et al.,
2019). Biotic factors (nutritional component, age, host density, vagility, social behavior, and
host body size) and environmental abiotic factors can cause fluctuations in the richness
and diversity of the macroparasite species (Henriquez and Gonzalez, 2012; Bellay et al.,
2020; Santos—Bustos et al., 2020; Llopis—Belenguer et al., 2020; Minaya et al., 2020c).
Macroparasites comprise a high proportion of global species diversity and provide essential
functions and services to ecosystems (Bellay et al., 2020).
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Several species of marine fish of the genus Sphyraena Artedi, 1793 have been evaluated
in relation to their macroparasite communities in Kuwait (Abdul-Salam and Sreelatha, 1993,
1995), China (Zhang et al., 2003), India (Ravichandran et al., 2007), Mexico (Gémez del
Prado—Rosas et al., 2007), New Caledonia (Moravec and Justine, 2015), Australia (Moravec
and Beveridge, 2017) and Tunisia (Boussellaa et al., 2018), among others.

Pacific barracuda Sphyraena ensis Jordan and Gilbert, 1882 (Perciformes, Sphyraenidae)
is a pelagic—neritic marine species found in the Eastern Pacific from Mexico to Chile, and
including the Galapagos Islands (Froese and Pauly, 2020; SNP, 2020). Pacific barracuda
inhabit depths in the range of 10 to 60 m. They can be found in waters with sandy and
muddy bottoms, in coral reefs, and in rocky areas near the coast (Robertson and Allen,
2015). The diet of this barracuda consists mainly of bony neritic fish that form dense schools
and zoobenthos, for which it is categorized as an opportunistic ichthyophage predator
(Moreno—Sanchez et al., 2019; Lépez—Peralta and Arcila, 2002). Fish diet can directly
influence its parasitic fauna.

Sphyraena ensis is known as an important fish species for human consumption due to
the quality of its meat and the low price (Ulloa—Ramirez et al., 2008; Zavala—Leal et al.,
2018; Rodriguez—Segovia et al., 2020), in addition to the absence of records of zoonotic
parasites. As few studies of this resource have been carried out to date, regulatory mea-
sures for its fishing and consumption are lacking (SNP, 2020). This species is listed as
of Least Concern by the IUCN Red List (International Union for Conservation of Nature)
(Robertson et al., 2010),

Despite the importance of this species, knowledge of the parasitic fauna of S. ensis is known
for only three species of monogeneans: Paramonaxine yamagutii Bravo—Hollis, 1978 recorded
in Baja California, Isla Rasa (Bravo—Hollis, 1978a), Baja California Sur, Cabo San Lucas
(Bravo—Hollis, 1978b); Pseudochauhanea elongatus Kritsky, Bilgees and Leiby 1972 recorded
in Nayarit, San Blas, México (Lamothe—Argumedo et al., 1997); and Pseudochauhanea
mexicana Lamothe—Argumedo, 1966 recorded in Guerrero, Acapulco (Lamothe—Argumedo,
1966), Jalisco, Bahia de Chamela (Pérez—Ponce De Leon, et al., 1999) and in Nayarit,
San Blas (Lamothe—Argumedo et al., 1997). All records are limited to Mexico, and litera-
ture referring to the parasitic fauna of S. ensis in other countries of Central America and
South America is lacking. In this study we aimed to characterize the community of S. ensis
macroparasites from the north coast of Peru and determine the relationship between body
size and sex of this host and the macroparasite community. In addition, we present the list
of helminths and arthropods recorded in fish of the genus Sphyraena Artedi, 1793 present
in the Eastern Pacific Ocean.

Material and methods

From May to October 2019, 138 specimens of the S. ensis were collected from Caleta de
Zorritos, Contralmirante Villar Province, Tumbes, on the north coast of Peru (80° 40' 29" LS;
03° 40' 39" LO).

Prior to necropsy of this marine fish, total body length (TBL) in cm and sex (S) were
recorded. The skin, oral cavity, gills, coelomic cavity, stomach, intestine, mesentery, pyloric
cecum, gonads, heart, swim bladder, kidneys, liver and spleen of the fish were examined
for helminths and parasitic arthropods. All macroparasites collected were preserved in 70 %
ethyl alcohol (Eiras et al., 2006).

For the morphological study of the macroparasites, helminths were colored in carmine
acetic acid and alternatively in gomori trichrome, dehydrated at concentrations of 50%,
70%, 90% and 100 % of ethyl alcohol, diaphanized in clove oil and mounted in Canada
balsam (Almeida and Almeida, 2014). Parasitic crustaceans were macerated in lactic acid
or lactophenol for a 24—48 h exposure time, placed on slides and observed directly under
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a microscope (Boxshall et al., 2015). Taxonomic classification of the macroparasites was
carried out with the help of the general literature of Yamaguti (Yamaguti, 1963a) for mono-
geneans and Yamaguti (1963b) for copepods. The host and parasite nomenclature were
corroborated in the World Register of Marine Species (WoRMS, 2021).

For the analysis of the parasitic population component, the parasitological ecological indices
of percentage prevalence (P%), mean abundance (MA) and mean intensity (Ml) of infection
were calculated following the indications by Bush et al. (1997) and Bautista—Hernandez et
al. (2015). The type of strategy of each parasitic species was evaluated according to the
P%, for which the species were classified as 'core or central' species for species with a
prevalence greater than 45 %, 'secondary' species for those with a prevalence of between
10% and 45 %, and 'satellite’ species for those with a prevalence of less than 10% (Bush
and Holmes, 1986).

TBL of the fish was classified in ranges using the Sturges rule as the criterion to deter-
mine the number of intervals, from which the P%, MA and MI values of the parasites were
calculated to evaluate the association between these parameters and the TBL. To determine
the degree of association between the P% of the parasites and TBL, the Spearman cor-
relation coefficient (rs) was used, previously transforming the P% values to arcsine square
root. Pearson's correlation coefficient (r) was used to determine the relationship of the TBL
of the fish with the MA and MI of each species of parasite.

To calculate the degree of association between the sex of the host and P% of each
species of parasite, 2 x 2 contingency tables were used, using Chi-square (¥2) and Yates'
correction (Y). The Student's t—test (t) was used to compare the MA and MI of each parasite
and the sex of the host. The populations of the male and female fish were subjected to the
Kolmogorov—Smirnov test with the modification of Lillierfors to corroborate the normality
of the data and the homocesticity of variances based on the Levene (F) test (Zar, 2014).

The analysis of the parasites in relation to the TBL and the sex of the host was carried
out only for the species with a P% greater than 10% (Esch et al., 1990). The alpha diversity
of the macroparasite community was determined for the total fish population of males and
females of S. ensis using the following indices: total richness, mean richness, Margalef,
Simpson (D), Shannon (H), Equitability (J) and Chao—1 (lannacone and Alvarifio, 2013;
Minaya et al., 2020a, 2020b). The Student's t test was used to compare mean richness,
Shannon and Simpson. The level of significance was evaluated at a level of alpha = 0.05.
The descriptive and inferential statistics were performed using the statistical package IBM
SPSS Statistics 24.0.

The non—metric multidimensional scaling (nMDS) technique was used to evaluate the
pattern of the structure of the parasite community as a function of the abundance of parasite
species, and was represented graphically. The similarity matrix was constructed using the
Bray—Curtis index. We analysed the abundance of infection of each species of parasite in
each host fish and its relationship with the host's sex using a multivariate analysis of similarity
(ANOSIM) test, with 10,000 permutations (Minaya et al., 2020c; Paliy and Shankar, 2016).

The parasite specimens collected in this study were deposited in the collection of Helminths
Parasites and Related Invertebrates — HPIA, of the zoological collection of the Museum of
Natural History of the Universidad Nacional Federico Villarreal — MUFV, Lima, Peru. The
codes are shown in table 1.

In addition, a checklist of the parasitic records of Pacific barracuda S. ensis was prepa-
red up to June 2021. For the elaboration of the list, the summaries of scientific meetings
and pre—degree theses were not considered. The scientific names of the parasite and host
species were reviewed following the classification schemes of the World Register of Marine
Species (WoRMS, 2021).
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Table 1. Ecological descriptors of the macroparasite community of Sphyraena ensis Jordan and Gilbert, 1882 from the north coast of Peru:
PH, parasitized hosts; P%, prevalence percentage; MA, mean abundance; MI, mean intensity.

Tabla 1. Descriptores ecoldgicos de la comunidad de macroparasitos de la agujilla Sphyraena ensis Jordan and Gilbert, 1882 procedentes de la
costa norte de Peru: PH, hospederos parasitados; P%, porcentaje de prevalencia; MA, abundancia media; MI, intensidad media.

Deposit Site of  Strategy Total Males Females
Parasites code infection type PH P% MA M PH P% MA M PH P% MA M
Pseudochauhanea sp. HPIA:196 Gill Secondary 62 4493 1.88 4.19 39 50.65 239 4.72 23 37.70 1.25 3.30
Metamicrocotyla macracanta HPIA:197 Gill Satellite 7 507 0.14 271 4 519 0.14 275 3 492 013 2.67
Scomberocotyle sp. HPIA:198 Gill Satellite 2 145 0.01 1.00 2 260 0.03 1.00 - - — -
Caligus sp. HPIA:199 Gill Satellite 3 217 0.04 1.67 2 260 0.05 2.00 1 1.64 0.02 1.00
Naobranchia kabatana HPIA:200 Gill Satellite 2 145 0.04 3.00 2 260 0.08 3.00 - - - -
Parabrachiella sp HPIA:201 Gill Satellite 1 0.72 0.01 1.00 - - - - 1 164 0.02 1.00
Cybicola sp HPIA:202 Gill Satellite 4 290 0.09 3.25 4 519 017 3.25 - = - -
Didymozoon sp. HPIA:203 Gill Satellite 7 507 0.14 271 5 6.49 021 3.20 2 328 0.05 1.50
Contracaecum sp. HPIA:204 Mesentery Satellite 2 145 0.03 2.00 2 260 0.05 2.00 - - - -
Parasitic community - - - 83 60.14 2.38 3.96 54 7013 3.12 4.44 29 47.54 1.46 3.07
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Fig. 1. Total body length of the Pacific barracuda Sphyraena ensis Jordan and Gilbert,
1882 from the north coast of Peru, in relation to sex.

Fig. 1. Longitud corporal total de la barracuda Sphyraena ensis Jordan and Gilbert,
1882 de la costa norte de Peru en relacion con el sexo.

Results

The S. ensis population acquired consisted of 138 specimens, 55.8 % of which were males
(n =77) and 44.2% were females (n = 61). The Kolmogorov—Smirnov test (K-S = 0.07,
p = 0.05) for the TBL of males and females indicated that the data followed a normal dis-
tribution. The mean TBL of the S. ensis was 54.2 + 9.8 cm, being 52.5 + 9.6 cm in males
and 56.3 + 9.7 cm in females. The differences between females and males were significant
(t=2.32, p =0.02) (fig. 1).

Table 1 shows the ecological descriptors of the Pacific barracuda S. ensis macroparasite
community from the north coast of Peru (see also he checklist dataset published through
GBIF, Doi: 10.15470/5htffh). This community consisted of 329 individuals distributed in
four copepods, three monogeneans, a trematode and a nematode. Five macroparasite
taxa were helminths and four were arthropods. In the total population of fish (males and
females) the P% of infestation was 60.14 % (n = 83). In the present study we observed a
greater dominance of macroparasites in S. ensis by ectoparasites (88.89%) (n = 8) than
by endoparasites (n = 1). The male populations presented higher parasitism by macropar-
asites, with a higher for P%, MA and MI than females (table 1). Of the nine macroparasites
identified, 88.89% (n = 8) were found in the gills and only one was found in the intestines.
Regarding the type of strategy, no species was considered satellite; only the monogenean
Pseudochauhanea sp. presented the secondary strategy, and the remaining eight were
satellites. This monogenean was the macroparasite species with the highest parasitological
descriptor indices in the total population of fish, as well as in both sexes (table 1).

Male fish were parasitized by eight species of macroparasites, four of which were exclu-
sive to males, while only five species of macroparasites were found in females, of which
only one species was exclusive to females (table 1).

Of the seven TBL intervals for Pacific barracuda, the largest fish populations ranged
from 45.1 to 54 cm and from 54.1 to 63 cm. In both ranges, the P%, MA and MI values
were higher than in other ranges of length, with the exception of the range of 18-27 cm
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Table 2. Ecological descriptors of the monogenean Pseudochauhanea sp. by intervals
of total body length (cm) of Sphyraena ensis Jordan and Gilbert, 1882 from the north
coast of Peru: TBL, total body length; P%, percentage of prevalence; MA, mean
abundance; MI, mean intensity.

Tabla 2. Descriptores ecolbégicos del monogéneo Pseudochauhanea sp. por intervalos
de longitud corporal total (cm) de la barracuda Sphyraena ensis Jordan and Gilbert,
1882 de la costa norte de Peru: TBL, longitud corporal total; P%, porcentaje de
prevalencia; MA, abundancia media; MI, intensidad media.

TBL interval TBL average N° fishes P% MA Mi
[18-27] 201 2 100 14.5 14.5
[27.1-36] 33.3 3 33.3 1.3 4
[36.1-45] 42.3 18 33.3 1.3 4
[45.1-54] 50.6 46 47.8 2 4.2
[54.1-63] 59.1 53 50.9 1.96 3.9
[63.1-72] 66.2 13 30.8 0.5 1.8
[72.1-91] 82.3 3 0 0 0

that presented the highest values for the three descriptors of parasitic ecology. None of
the nine macroparasite species was found in fish with a TBL > 72.1 cm (n = 3) (table 2).
Regarding the degree of association between the morphological parameters of the fish
and the parasitological descriptors of Pseudochauhanea sp., we found that the TBL of the
fish correlated negatively with the MI of infestation; that is, the greater the body length of
the host, the lower the MI of the parasite (table 3). It was also observed that the MA of this
macroparasite had a marked significant difference between the populations of male and
female fish, being more associated with males (table 3). No relationship was observed bet-
ween the TBL and sex versus the remaining ecological descriptors of Pseudochauhanea sp.
For the alpha diversity indices of the macroparasite communities in S. ensis, the number
of individuals, Margalef, Equitability, and richness estimation using Chao—2 showed the
values in the population of female fish were lower than in male fish. The average richness
of macroparasite taxa was higher in males than in females (t = 3.25; p = 0.001). The Shan-
non index for macroparasites was higher in males than in females (t = 2.79; p = 0.005). In
contrast, for the community component of macroparasites, according to the Simpson index
a greater dominance was observed in female fish than in males (t = 1.97; p = 0.04). In all
cases, the sampling was as expected in general, according to the Chao—1 estimate (table 4).
The NMDS ranking, which evaluates the pattern of the structure of the parasite community
as a function of the abundance of parasite species with respect to sex, suggested a high
degree of homogeneity between the communities (fig. 2). The ANOSIM analysis confirmed the
high homogeneity between the parasite community and the host sex (R =—-0.007, p = 0.64).
Finally, we developed a list of macroparasites recorded in fish of the genus Sphyraena
present in the Eastern Pacific Ocean. According to the literature, records of parasite species
are reported for only two species of Sphyraena in the Pacific Ocean, and all of these were
collected off the coast of Mexico. In the present study, S. ensis is reported as a new host
with eight macroparasite species and new geographic records are added (table 5).

279


http://amz.museucienciesjournals.cat

Arxius de Miscel-lania Zoologica, 19 (2021): 273-287 Minaya et al.

Table 3. Correlation between the morphological parameters of the Pacific barracuda
Sphyraena ensis Jordan and Gilbert, 1882 and the ecological descriptors of the
monogenean Pseudochauhanea sp.: p, level of significance; rs, Spearman's correlation;
r, Pearson's correlation; X2, Chi—square test; Y, Yates's correction; t, Student's t-test;
F, Levene's test for homocesticity of variances. (For other abbreviations see table
2, p-values in bold indicate significant values).

Tabla 3. Correlacion entre los parametros morfolégicos de la barracuda Sphyraena ensis
Jordan and Gilbert, 1882 y los descriptores ecoldgicos del monogéneo Pseudochauhanea
sp.: p, nivel de significancia, rs, correlacion de Spearman; r, correlacion de Pearson; X2,
prueba de Chi cuadrado; Y, correccion de Yates; t, prueba de t de Student; F, prueba
de Levene para homogeneidad de varianzas. (Para las otras abreviaturas, véase tabla
2, los valores de p en negrita son significativos).

Association types Pseudochauhanea sp.
TBL vs. P% rs =-0.67 p=0.12
TBL vs. MA r=-0.71 p =0.08
TBL vs. MI =-0.83 p = 0.02
Sex vs. P% X?=2.30 p=0.13

Y = 1.81 p=0.18
Sex vs. MA F=1057 p=0.00

t=237 p =0.02
Sex vs. Ml F =0.90 p=0.35

t=170  p=0.09

Table 4. Alpha diversity indices for the macroparasitic community according to the total
population and sex of the Pacific barracuda Sphyraena ensis Jordan and Gilbert, 1882
from the north coast of Peru.

Tabla 4. Indices de diversidad alfa para la comunidad de macroparésitos segun la
poblacién total y el sexo de la barracuda Sphyraena ensis Jordan and Gilbert, 1882
de la costa de Peru.

Alpha diversity Total Males Females
Species richness 9 8 5
Average species richness 2.38 3.1 1.45
Individuals 329 240 89
Margalef 1.38 1.27 0.89
Dominance de Simpson (D) 0.63 0.60 0.74
Shannon (H) 0.88 0.95 0.57
Equitability (J) 0.40 0.46 0.35
Chao—1 9 8 6
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Fig. 2. Non—metric multidimensional scaling (NMDS) plotting sex results in the Pacific
barracuda Sphyraena ensis Jordan and Gilbert, 1882 from the north coast of Peru
(A females, @ males) in terms of the abundance of macroparasites. Bray Curtis similarity.

Fig. 2. Escalamiento multidimensional no métrico (NMDS) trazando los resultados del
sexo en la barracuda Sphyraena ensis Jordan and Gilbert, 1882 de la costa de Pert
(A hembras, e machos) respecto a la abundancia de macroparasitos en la misma.
Similitud de Bray Curtis.

Discussion

Our study shows that ectoparasites (monogenean, copepod) have a higher dominance in
S. ensis than endoparasites. As the route of infestation of gastrointestinal endoparasites
is closely associated to the host's diet (Poulin, 1995), it can be expected that opportunistic
predatory fish that feed mainly on bony fish and zoobenthos, such as S. ensis (Lépez—Peralta
and Arcila, 2002; Moreno—Sanchez et al., 2019) are parasitized by a greater quantity and
diversity of endoparasites. However, based on the collected samples of S. ensis parasites,
these data come from the coast of Peru and additionally in the information in the literature
(table 5), this does not occur in S. ensis because of the species of parasites reported for
this fish; only two species are endoparasitic. According to Barber et al. (2000), some po-
tential hosts may adopt a behavioral resistance, which consists of changing their behavior
to reduce the risk of exposure. This change can occur in several ways, such as avoiding a
specific habitat with a higher presence of parasites, or selecting prey, or by avoiding infected
individuals to reduce the threat of being parasitized. Whether this is the case for S. ensis
or whether it presents an effective immune response to the infestation of gastrointestinal
parasites, the truth is that none of the alternatives apply to the ectoparasites found in this
fish, which may present better strategies to avoid the resistance of the host.

The values of the ecological—parasitological descriptors presented in Pseudochauhanea
sp. demonstrate that it is the dominant species compared to other species of ectoparasites
that share the same habitat. This monogenean was the only species with a P% above
10% and it also showed the highest MA and MI values. Only the TBL of S. ensis and the
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Table 5. List of helminths and arthropods recorded in fish of the genus Sphyraena Artedi, 1793 present in the Eastern Pacific Ocean: ** new
geographic records; * new records for the host.

Tabla 5. Lista de helmintos y artropodos registrados en los peces del género Sphyraena Artedi, 1793 presentes en el océano Pacifico Oriental:
** nuevos registros geograficos; * nuevos registros para el huésped.

Host Site of
Parasites Taxa infection Location Reference
Sphyraena argentea (Girard, 1854)
Paramonaxine yamagutii (Bravo—Hollis, 1978) Monogenean Gill Mexico Bravo—Hollis, 1981
Bomolochus soleae (Claus, 1864) Copepod Unknown  Mexico Causey, 1960
Caligodes laciniatus (Krgyer, 1863) Copepod Unknown  Mexico Causey, 1960
Caligus productus (Dana, 1852) Copepod Unknown  Mexico Causey, 1960
Lepeophtheirus dissimulatus (Wilson C.B., 1905) Copepod Unknown  Mexico Causey, 1960
Sphyraena ensis (Jordan and Gilbert, 1882)
Paramonaxine yamagutii (Bravo—Hollis, 1978) Monogenean Gill Mexico Bravo—Hollis, 1978a, 1978b
Pseudochauhanea mexicana (Lamothe, 1967) Monogenean Gill Mexico Lamothe—Argumedo et al., 1997;
Lamothe—Argumedo, 1966;
Pérez—Ponce De Ledn et al., 1999
Pseudochauhanea elongata (Kritsky, Bilgees and Leiby, 1972) Monogenean Gill Mexico Lamothe—Argumedo et al., 1997
Pseudochauhanea sp. Monogenean Gill Peru** Present study
Metamicrocotyla macracantha (Alexander, 1954)* Monogenean Gill Peru Present study
Scomberocotyle sp.* Monogenean Gill Peru** Present study
Caligus sp.* Copepod Gill Peru Present study
Naobranchia kabatana (Dippenaar and Jordaan, 2008)* Copepod Gill Peru** Present study
Parabrachiella sp.* Copepod Gill Peru Present study
Cybicola sp.* Copepod Gill Peru Present study
Didymozoon sp.* Trematode Gill Peru Present study
Contracaecum sp.* Nematode Mesentery  Peru Present study
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MI of the monogeneans Pseudochauhanea sp. were negatively associated, with smaller
fish presenting the highest parasitic load. Therefore, a more adequate explanation could
be that the small specimens and juveniles of S. ensis are gregarious and form schools,
while adults of large species are solitary or less gregarious (Zavala—Leal et al., 2018). For
example, it is known that ectoparasite populations may be more abundant in fish with a
schooling behavior than in solitary species because the probability of a transmission stage
(e.g. eggs, larvae) contacting a host increases with greater host density (Santos—Bustos
et al.,, 2020). Therefore, the aggregation behavior of smaller fish than larger fish favors
the transmission of ectoparasites in S. ensis, such as the monogenean Pseudochauhanea
sp., increasing its MI with the lower TBL of S. ensis (Poulin, 2011). Poulin (2011) reported
that hosts with a greater TBL can provide the parasites with a greater supply of nutrients,
making this the preferential fish population for parasite species and explaining why a
greater diversity and parasite load would be expected (lyaji et al., 2009). On the contrary,
in this study we observed a negative correlation only between the TBL of S. ensis versus
the MI of Pseudochauhanea sp. and most of the alpha diversity indices of macroparasites.
This difference could be associated with several factors, such as a change in the feeding
behavior of the host, in which the fish stops feeding on a certain organism that functions
as a host and intermediate of a parasite, and it would explain the presence of endopara-
sites (Barber et al., 2000). Another possible explanation is the development of an immune
reaction in older fish (Adams, 1985; lyaji et al., 2009). The latter possibility could explain
why the higher TBL ranges of the fish had a lower P% and parasite load (see table 2),
although age and TBL are factors directly related to an increase in parasitism (lyaji et al.,
2009). However, it seems that the herding behavior of the S. ensis with the smallest TBL
might more adequately explain the higher species richness, Margalef, Shannon, Equitability
and Chao-1, and lower values of Simpson dominance of macroparasites.

Endoparasites were restricted to four nematode larvae specimens in the mesentery of
two male S. ensis hosts. The route of infestation of gastrointestinal endoparasites is closely
associated with the host's diet (Poulin, 1995). Taking this into account, it is to be expected
that S. ensis, a predatory fish and opportunistic ichthyophage, which feeds mainly on bony
fish that form schools such as Sardinops spp. (40.36 %), Hemiramphus saltator (40.24 %),
and also zoobenthos (Lopez—Peralta and Arcila, 2002; Moreno—Sanchez et al., 2019) would
be parasitized by a high number and diversity of endoparasites. Moreno—Sanchez et al.
(2019) found no differences between the diet and the TBL and the sex of S. ensis. Based on
the parasites found in S. ensis from the north coast of Peru, and according to the literature,
this does not occur in S. ensis, since of the nine species of parasites registered in this fish
(table 5), only one species is of the endoparasitic type, specifically the nematode found in
this study. Although Contracaecum is considered zoonotic, the low prevalence makes it of
low concern. Even so, it is important to make subsequent evaluations in S. ensis to observe
changes in the dynamics of Contracaecum and if with time it becomes a secondary or main
parasite in the community of parasites of the Pacific barracuda.

According to Barber et al. (2020), some potential hosts may adopt 'behavioral resistance’,
which consists of changing their behavior to reduce the risk of exposure. This change can
occur in different ways such as avoiding a specific habitat with a greater presence of parasites
or selecting prey or avoiding infected individuals in order to reduce the threat of becoming
parasitized. Whether these changes are adopted by S. ensis or that these fish present an
effective immune response against the infestation of gastrointestinal parasites remains to
be determined, although neither of the latter options applies to the ectoparasites found in
this fish, indicating that they may present other strategies to avoid resistance of the host.

The richness, diversity and parasite load of these parasites was greater in male fish
than in female fish. When evaluating only the monogenean Pseudochauhanea sp., the de-
pendence on the sex of S. ensis and the M| of Pseudochauhanea sp. is a clear indication
of the preference of the parasites for male hosts. Indeed, experimental field studies have
described that male fish specimens tend to be more parasitized than females from the same
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fish population (Reimchem and Nosil, 2001). This occurs perhaps due to the effort made by
males in sexual selection, which generates an energy cost and in turn brings them close
to their physiological limits, resulting in higher stress levels and thereby making them more
susceptible to infestation by parasitic organisms (Poulin, 1996; Wedekind and Jacobson,
1998; lyaiji et al., 2009). In the present study, S. ensis males presented a lower TBL than
females, similar to that observed by Zavala-Leal et al. (2018), and this may be another
factor to explain the higher parasite load in S. ensis males.

Sphyraena ensis has been documented as a host for three species of parasitic monoge-
neans with its records being restricted to only Mexico (Mendoza—Garfias et al., 2017). We
report nine species of parasites in this study and the list is expanded to 11 species, eight
of which are new records for the host fish (table 5). This list contributes to summarizing
the current knowledge of the records of parasites in the genus Sphyraena from the eastern
Pacific and serves as a point of comparison between what has already been documented
what this study adds.

In Peru, studies related to parasitology in Pacific barracuda (Sphyraenidae) have not
been addressed to date. This is the first study to document the macroparasite community
of helminths and arthropods of S. ensis on the north coast of Peru. Likewise, it is the first
ecological—parasitic study to address the association between the morphological parameters
of the length and sex of S. ensis and the accompanying parasitic fauna and the possible
influence of these parameters on their presence.

References

Abdul-Salam, J., Sreelatha, B. S., 1993. A survey of didymozoid trematodes of the barra-
cuda Sphyraena obtusata from Kuwait bay. International Journal for Parasitology, 23:
665-669, Doi: 10.1016/0020-7519(93)90175-x

— 1995. Allodidymozoon gasterale n. sp. and A. operculare Madhavi, 1982 (Didymozoidae)
from the barracuda Sphyraena obtusata Cuvier in Kuwait Bay. Systematic Parasitology,
30: 19-25, Doi: 10.1007/BF00009240

Adams, A. M., 1985. Parasites on the gills of the Plains Killifish, Fundulus kansae, in the
South Platte River, Nebraska. Transactions of the American Microscopical Society, 104:
278-284, Doi: 10.2307/3226442

Almeida, A. S., Almeida, K. S. S., 2014. Sobre variagbes na técnica de tricromico de gomori
para estudo de helmintos da classe Monogenoidea e familia Dactylogyridae. Biolégicas
Saude, 4: 1-7, Doi: 10.25242/8868412201415

Barber, |., Hoare, D., Krause, J., 2000. Effects of parasites on fish behaviour: a review
and evolutionary perspective. Reviews in Fish Biology and Fisheries, 10: 131-165, Doi:
10.1023/A:1016658224470

Bautista—Hernandez, C. E., Monks, S., Pulido—Flores, G., Rodriguez—Ibarra, A. E., 2015.
Revisién bibliografica de algunos términos ecolégicos usados en parasitologia y su
aplicacion en estudios de caso. Estudios en Biodiversidad, 1: 11-19.

Bellay, S., de Oliveira, E. F., Aimeida—Neto, M., Takemoto, R. M., 2020. Ectoparasites
are more vulnerable to host extinction than co—occurring endoparasites: evidence from
metazoan parasites of freshwater and marine fishes. Hydrobiologia, 847: 2873-2882,
Doi: 10.1007/s10750-020-04279-x

Boussellaa, W., Neifar, L., Goedknegt, A. M., Thieltges, D. W., 2018. Lessepsian migration
and parasitism: richness, prevalence and intensity of parasites in the invasive fish Sphy-
raena chrysotaenia compared to its native congener Sphyraena sphyraena in Tunisian
coastal waters. Peerd, 6: €5558, Doi: 10.7717/peerj.5558

Boxshall, G. A., O'Reilly, M., Sikorski, A., Summerfield, R., 2015. A new genus and family
of copepods parasitic on polychaetes of the genus Jasmineira Langerhans, 1880 (family

284


http://amz.museucienciesjournals.cat
http://doi.org/10.1016/0020-7519(93)90175-x
http://doi.org/10.1007/BF00009240
http://doi.org/10.2307/3226442
http://doi.org/10.25242/8868412201415
http://doi.org/10.1023/A:1016658224470
http://doi.org/10.1007/s10750-020-04279-x
http://doi.org/10.7717/peerj.5558

Arxius de Miscel-lania Zoologica, 19 (2021): 273-287 Minaya et al.

Sabellidae) in the northeastern Atlantic. Zootaxa, 4018: 426—436, Doi: 10.11646/zoota-
xa.4018.3.6

Bravo—Hollis, M., 1978a. Monogéneos de la Coleccion Winter |. Sobre seis especies de la
superfamilia Microcotyloidea Unnithan, 1957. Anales del Instituto de Biologia, Universidad
Nacional Autbnoma de México, 49: 11-18.

— 1978b. Helmintos de peces del Pacifico mexicano XXXIIl. Monogéneos del Golfo de
Cortés, Baja California. Anales del Instituto de Biologia, Universidad Nacional Auténoma
de México, 49: 1-9.

— 1981. Helmintos de peces del Pacifico Mexicano. XXXVII. Sobre seis especies cono-
cidas de monogéneos del suborden Microcotylinea Lebedev, 1972. Anales del Instituto
de Biologia, Universidad Nacional Autbnoma de México, 52: 1-12.

Bush, A. O., Holmes, J. C., 1986. Intestinal helminths of lesser scaup ducks: patterns of
association. The Canadian Journal of Zoology, 64: 132—141, Doi: 10.1139/z86-022
Bush, A. O., Lafferty, K. D., Lotz, J. L., Shostak, A. W., 1997. Parasitology meets ecology
on its own terms: Margolis et al. revisited. The Journal of Parasitology, 83: 575-583,

Doi: 10.2307/3284227

Causey, D., 1960. Parasitic Copepoda from Mexican coastal fishes. Bulletin of Marine
Science of the Gulf and Caribbean, 10: 323-337.

Eiras, J., Takemoto, R., Pavanelli, G., 2006. Métodos de estudo e técnicas laboratoriais em
parasitologia de peixes. Eduem, Maringa.

Esch, W. G., Shostak, A. W., Marcogliese, D. J., Goater, T. M., 1990. Patterns and process
in helminth parasite communities: an overview. In: Parasite communities: Patterns and
processes: 1-19 (G. Esch, A. C. Bush, J. Aho, Eds.). Springer, Dordrecht.

Froese, R., Pauly, D., 2020. FishBase. World Wide Web electronic publication. Available
online at: www.fishbase.org [Accessed on 23 december 2020].

Goémez del Prado-Rosas, M. D. C., Alvarez—Cadena, J. N., Lamothe—Argumedo, R.,
Ordéiiez—Lopez, U., Almaral-Mendivil, A. R., 2007. Larvas de peces parasitadas por
metacercarias de Hemiuridae y Fellodistomidae (Trematoda) en la laguna arrecifal de
Puerto Morelos, Quintana Roo, México. Hidrobiolégica, 17: 233—-239.

Henriquez, V., Gonzalez, M. T., 2012. Patterns of variation in parasite component commu-
nities and infracommunities of a littoral fish species from the northern coast of Chile.
Journal of Helminthology, 88: 89-96, Doi: 10.1017/S0022149X12000788

lannacone, J., Alvarifio, L., 2013. Parasitological indices of Pacific pomfret Brama japonica
Hilgendorf, 1878 (Osteichthyes, Bramidae) acquired at fishing terminal of Chorrillos Lima,
Peru. Neotropical Helminthology, 7: 117-132, Doi: 10.4314/br.v7i2.56606

lyaji, F., Etim, L., Eyo, J., 2009. Parasite assemblages in fish hosts. Bio-Research, 7: 561-570.

Lamothe—Argumedo, R., 1966. Monogéneos de peces |. Descripcidén de Pseudochauhanea
mexicana n.sp. (Gastrocotylidae) parasito de Sphyraena ensis Jordan and Evermann.
Anales del Instituto de Biologia, Universidad Nacional Auténoma de México, 37: 129-134.

Lamothe—Argumedo, R., Garcia—Prieto, L., Osorio—Sarabia, D., Pérez—Ponce De Ledn, G.,
1997. Catalogo de la Coleccion Nacional de Helmintos. Instituto de Biologia, Universidad
Nacional Auténoma de México y Comision Nacional para el Conocimiento y Uso de la
Biodiversidad, México City.

Llopis—Belenguer, C., Pavoine, S., Blasco—-Costa, |., Balbuena, J. A., 2020. Assembly rules
of helminth parasite communities in grey mullets: combining components of diversity.
International Journal for Parasitology, 50: 1089-1098, Doi: 10.1016/j.ijpara.2020.06.006

Lépez—Peralta, R. H., Arcila, C. A. T., 2002. Diet composition of fish species form the
southern continental shelf of Colombia. Naga, 25: 23—-29.

Mendoza—Garfias, B., Garcia—Prieto, L., De Ledn, G. P. P., 2017. Checklist of the Monogenea
(Platyhelminthes) parasitic in Mexican aquatic vertebrates. Zoosystema, 39: 501-598,
Doi: 10.5252/z2017n4a5

Minaya, D., Alvarifio, L., Rodriguez—Santiago, M. A., lannacone, J., 2020a. Community of eu-

285


http://amz.museucienciesjournals.cat
http://doi.org/10.11646/zootaxa.4018.3.6
http://doi.org/10.11646/zootaxa.4018.3.6
http://doi.org/10.1139/z86-022
http://doi.org/10.2307/3284227
http://www.fishbase.org
http://doi.org/10.1017/S0022149X12000788
http://doi.org/10.4314/br.v7i2.56606
http://doi.org/10.1016/j.ijpara.2020.06.006 
http://doi.org/10.5252/z2017n4a5

Arxius de Miscel-lania Zoologica, 19 (2021): 273-287 Minaya et al.

metazoan parasites in ocean whitefish Caulolatilus princeps (Jenyns, 1840) (Perciformes,
Malacanthidae) off north Peru. Pan—American Journal of Aquatic Sciences, 15: 133—-142.

Minaya, D., lannacone, J., Alvarifio, L., 2020b. Component community of helminth para-
sites in black cuskeel Genypterus maculatus (Tschudi, 1846) from north Peru. Annals
of Parasitology, 66: 347—355, Doi: 10.17420/ap6603.273

Minaya, D., Leon-Luna, D. M., Miranda—Melo, N. P., Alvarino—Flores, L., lannacone, J.,
2020c. Comunidades parasitarias del mero manchado Hyporthodus niphobles (Gilbert
Starks, 1897) (Perciformes: Serranidae) de la costa marina del Peru. Hidrobioldgica, 30:
61-71, Doi: 10.24275/uam/izt/dcbs/hidro/2020v30n1/Minaya

Moravec, F., Beveridge, |., 2017. Lobocapillaria austropacifica n. g., n. sp. (Nematoda:
Capillariidae) from the obtuse barracuda Sphyraena obtusata Cuvier (Sphyraenidae,
Perciformes) off Eastern Australia. Systematic Parasitology, 94: 547-556, Doi: 10.1007/
s$11230-017-9722-8

Moravec, F., Justine, J. L., 2015. Anisakid nematodes (Nematoda: Anisakidae) from the ma-
rine fishes Plectropomus laevis Lacépéde (Serranidae) and Sphyraena genie Klunzinger
(Sphyraenidae) off New Caledonia, including two new species of Hysterothylacium Ward
Magath, 1917. Systematic Parasitology, 92:181-195, Doi: 10.1007/s11230-015-9597-5

Moreno—Sanchez, X.G., Palacios—Salgado, D.S., Granados—Amores, J., Abitia—Cardenas,
L. A., Escobar-Sanchez, O., 2019. Feeding habits of the Mexican barracuda, Sphyraena
ensis Jordan and Gilbert, 1882, in the southeastern end of the Gulf of California. Ciencias
Marinas, 45: 137-150, Doi: 10.7773/cm.v45i3.2969

Paliy, O., Shankar, V., 2016. Application of multivariate statistical techniques in microbial
ecology. Molecular Ecology, 25: 1032—-1057, Doi: 10.1111/mec.13536

Pérez—Ponce De Leodn, G., Garcia—Prieto, L., Mendoza—Garfias, B., Leén—Regagnon, V.,
Pulido—Flores, G., Aranda—Cruz, C., Garcia—Vargas, F., 1999. Listados Faunisticos de
México IX. Biodiversidad de Helmintos parasitos de peces marinos y estuarinos de la
Bahia de Chamela, Jalisco. Instituto de Biologia, Universidad Nacional Auténoma de
México, Mexico City.

Poulin, R., 1995. Phylogeny, ecology, and the richness of parasite communities in verte-
brates. Ecological Monograph, 65: 283-302, Doi: 10.2307/2937061

Poulin, R., 1996. Sexual inequalities in helminth infections: a cost of being male? American
Naturalist, 147: 287—295.

Poulin, R., 2011. Evolutionary ecology of parasites, 2" ed. Princeton University Press, UK.

Ravichandran, R., Balasubramanin, T., Kannupandi, T., 2007. Incidence of parasitic Isopods
on the fish Sphyraena obtusata. Research Journal of Parasitology, 2: 45-50.

Reimchem, T. E., Nosil, P., 2001. Ecological causes of sex—biased parasitism in three spine
stickleback. Biological Journal of the Linnaean Society, 73: 51-63.

Robertson, D. R., Allen, G. R., 2015. Shorefishes of the Tropical Eastern Pacific: online in-
formation system. Version 2.0. Smithsonian Tropical Research Institute, Balboa, Panama.
http://biogeodb.stri.si.edu/sftep/en/pages [Accessed on 29 October 2020].

Robertson, R., Collette, B., Molina, H., Guzman—Mora, A.G., 2010. Sphyraena ensis. The
IUCN Red List of Threatened Species: €. T178106A7488815, Doi: 10.2305/IUCN.UK.2010-
3.RLTS.T178106A7488815 [Accessed on 20 November 2020].

Rodriguez—Segovia, M. A., Paz—Suconota, F., Soriano, A., Jumbo, M., 2020. Conocimientos
tradicionales y problemas en el aprovechamiento de recursos pesqueros con los comer-
ciantes de varios mercados de la ciudad de Quito—Ecuador. Ethnoscientia, 5: 1-10, Doi:
10.22276/ethnoscientia.v5i1.296

Santos—Bustos, N. G., Violante—Gonzalez, J., Monks, S., Villalba—Vasquez, P. J., Villalo-
bos, S. S. S., Acosta—Hernandez, M. S., Gallegos, A. D., 2020. Interannual and spatial
variation in the parasite communities of Pacific sierra Scomberomorus sierra (Jordan et
Starks) on Mexico's Pacific coast. Folia Parasitologica, 67: 029, Doi: 10.14411/fp.2020.029

286


http://amz.museucienciesjournals.cat
http://doi.org/10.17420/ap6603.273
http://10.24275/uam/izt/dcbs/hidro/2020v30n1/Minaya
http://doi.org/10.1007/s11230-017-9722-8 
http://doi.org/10.1007/s11230-017-9722-8 
http://doi.org/10.1007/s11230-015-9597-5
http://doi.org/10.7773/cm.v45i3.2969
http://doi.org/10.1111/mec.13536
http://doi.org/10.2307/2937061
http://biogeodb.stri.si.edu/sftep/en/pages
http://doi.org/10.2305/IUCN.UK.2010-3.RLTS.T178106A7488815
http://doi.org/10.2305/IUCN.UK.2010-3.RLTS.T178106A7488815
http://doi.org/10.22276/ethnoscientia.v5i1.296
http://doi.org/10.14411/fp.2020.029

Arxius de Miscel-lania Zoologica, 19 (2021): 273-287 Minaya et al.

SNP (Sociedad Nacional de Pesqueria), 2020. Ser del Mar. 120 recursos hidrobiol6gicos
para preservar la riqueza y sostenibilidad del litoral peruano. Sociedad Nacional de
Pesqueria, Lima.

Ulloa—Ramirez, P. A., Patino—Valencia, J. L., Guevara—Rascado, M. L., Hernandez—Ventura,
S., Sanchez—Regalado, R., Pérez—Velazquez, A., 2008. Peces marinos de valor comercial
del estado de Nayarit, México. Instituto Nacional de Pesca, Nayarit.

Violante—Gonzalez, J., Monks, S., Gallegos—Navarro, Y., Santos—Bustos, N. G., Villal-
ba-Vasquez, P. J., Miranda-Delgado, J. E., Carpio—Hernandez, D. I., 2019. Metazoan
parasite communities of the Pacific jack Caranx caninus (Pisces: Carangidae): exploring
the variability of their parasite communities. Journal of Natural History, 53: 1131-1151,
Doi: 10.1080/00222933.2019.1634773

Wedekind, C., Jacobson, P. J., 1998. Malebiased susceptibility to helminth infections: an
experimental test with a copepod. Oikos, 81: 458-462, Doi: 10.2307/3546767

WoRMS Editorial Board, 2021. World Register of Marine Species. Available online at: http://
www.marinespecies.org at VLIZ [Accessed on 20 april 2021], Doi:10.14284/170

Yamaguti, S., 1963a. Systema Helminthum. Monogenea and Aspidocotyle. Interscience
Publishers, New York.

— 1963b. Parasitic Copepoda and Branchiura of Fishes. Wiley InterScience, Oxford.

Zar, J. H., 2014. Biostatistical Analysis. 5" ed. Pearson New International Ed. London.

Zavala—Leal, |., Palacios—Salgado, D., Ruiz—Velazco, M. J., Valdez—Gonzalez, F., Pacheco—
Vega, J. M., Granados—Amores, J., Flores—Ortega, J. R., 2018. Reproductive aspects of
Sphyraena ensis (Perciformes: Sphyraenidae) inhabiting the coast of San Blas Nayarit,
southeast Gulf of California. California Fish and Game, 104: 7-18.

Zhang, J., Yang, T., Lin, L., Ding, X., 2003. A list of monogeneans from Chinese marine
fishes. Systematic Parasitology, 54: 111-130, Doi: 10.1023/A:1022581523683

287


http://amz.museucienciesjournals.cat
http://doi.org/10.1080/00222933.2019.1634773
http://doi.org/10.2307/3546767
http://www.marinespecies.org
http://www.marinespecies.org
http://doi.org/10.14284/170
http://doi.org/10.1023/A:1022581523683

