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Abstract: Species richness and similarity in metazoan parasite communities of fish can be influenced by several biotic (age, body size, 
vagility, social and feeding behaviour, among others), and local abiotic factors (temperature, salinity, climatic events, etc.). The parasite 
communities of ten species of the family Carangidae from Acapulco Bay, Mexico, were quantified and analysed between May 2014 and 
August 2024. A total of 1,148 fish specimens were examined and 78 parasite species were identified (44 endoparasites and 34 species of 
ectoparasites). At the component community level, species richness ranged from 11 in Euprepocaranx dorsalis (Gill) to 27 in Caranx 
caninus Günther. Parasite communities were dominated mainly by monogenean species. The richness and parasite species composition 
differed between the ten species of host. The habitat type, body size and host diet variety were the main factors responsible of these 
differences. Similarity in species composition varied even between hosts of the same genus, suggesting that phylogenetic relatedness 
and sympatry were not important determinants of parasite communities in these carangid fish. Therefore, host ecology has a greater 
influence on the structure and species composition of parasite communities than its phylogenetic history.
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Parasite communities are considered products of ac-
quisitions and/or losses of parasite species during the evo-
lutionary history of their hosts (Poulin and Rohde  1997). 
Metazoan parasite communities in marine fish are consti-
tuted mainly of ectoparasites (monogeneans, copepods and 
isopods) and endoparasites (digeneans, cestodes, nematodes 
and acanthocephalans). Both parasite groups exhibit differ-
ent transmission strategies to infect their hosts; for example, 
ectoparasites are often transmitted between individual hosts 
through contact, whereas endoparasites use trophic trans-
mission routes (Marcogliese 2002, Rohde 2005). 

Species richness and diversity in each of these parasite 
groups vary substantially among different species of host 
(Poulin and Rohde 1997, Rohde 2005, Bellay et al. 2015). 
However, in most parasite communities studied, species 
richness of endoparasites is generally higher than that of 
ectoparasites (Bellay et al. 2015). For example, in species 
of many tropical marine fish the dominance of digenean 
parasites has been well documented (e.g., Cribb et al. 2016, 

Santos-Bustos et al. 2018, Villalba-Vasquez et al. 2018). 
Examining parasite species in host assemblages rather than 
in a single host species may provide a better understanding 
of the factors that influence the species composition and 
structure in parasite communities (Carrassón et al. 2019). 

Several studies focused on exploring structuring pat-
terns of parasite community in marine and freshwater 
fish populations, have highlighted the importance of the 
host-phylogeny and/or the influence of ecological factors 
on the similarity recorded among some parasite communi-
ties (Marcogliese 2002, Luque and Poulin 2008, Valtonen 
et al. 2010, Bellay et al. 2011, Baia et al. 2018, Carrassón 
et al. 2019, Osuna-Cabanillas et al. 2024). Sympatric and 
phylogenetically related fish species tend to harbour com-
munities of parasites very similar in diversity and species 
richness, unlike those of unrelated host species (Luque et 
al. 2004, Tavares and Luque, 2008, Pantoja et al. 2016). 

However, the parasite community structure can be in-
fluenced by environmental factors (e.g., local or regional 
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fluctuations in surface temperature, salinity or dissolved 
oxygen concentrations, substrate texture, climatic events, 
etc.), and some host traits such as: age, body size, social 
and feeding behaviour, trophic level, vagility, habitat use, 
and depth distribution. These abiotic and biotic factors are 
considered as important determinants of species richness in 
parasite communities (Poulin 1995, Timi and Poulin 2003, 
Violante-González et al. 2019, 2020). 

The marine ichthyofauna along the Mexican Pacific 
coasts is very species-rich and diverse, and many species 
represent sizable and economically important fisheries. Ca-
rangidae (jacks and pompanos) is one of the most diverse 
families among the marine fishes of this tropical region, 
and includes 34 species (Palacios-Salgado et al. 2014, Osu-
na-Cabanillas et al. 2024). Many species of carangid fish 
are considered coastal pelagic predators that feed mainly 
on benthic invertebrates and small fish (Velasco-Reyes et 
al. 2022). 

The structure and species composition of the parasite 
communities of eight carangid species, namely Caranx 
caballus Günther, Caranx caninus Günther, C. sexfascia-
tus Quoy et Gaimard, Decapterus muroadsi (Temminck et 
Schlegel), Oligoplites altus (Günther), Oligoplites reful-
gens Gilbert et Starks, Selar crumenophthalmus (Bloch), 
and Trachinotus rhodopus Gill from of the southern Pacif-
ic coasts of Mexico, have already been examined (Galle-
gos-Navarro et al. 2018, 2019, Santos-Bustos et al. 2018, 
Violante-González et al. 2019, 2020, Osuna-Cabanillas et 
al. 2024). However, no study has been carried out at the 
level of populations (assemblages) of carangid fish, fo-
cused on comparing the richness, diversity and level of 
similarity of their parasite communities. 

Here, we use published and unpublished data on Eu-
prepocaranx dorsalis (Gill) and Selene peruviana (Guic-
henot) and data on ten carangid fish species, obtained over 
a 10-year period (2014–2024) by several of the co-authors. 
The objective of this study was to test two hypotheses: 1) 
the species richness and diversity of parasite communities 
would vary among the ten species of carangid fish due to 
differences in the body size, habitat use and their feeding 
habits, 2) similarity in species composition would be high, 
mainly between congeneric fish species with similar eco-
logical traits.

Table 1. Main characteristics of 10 species of carangid fish from Acapulco Bay, Mexico. 

Max Mean Habitat Feeding
Fish species n length (cm)* length (cm) CV Kn type* type*

Euprepocaranx dorsalis 66 67 21.5 ± 4.5 21.1 1.48 BD CF
Caranx caballus 237 55 26.2 ± 4.6 17.7 0.98 NP FC
Caranx caninus 122 101 25.5 ± 4.1 16.6 1.27 NP FC
Caranx sexfasciatus 110 120 26.5 ± 5.0 22.3 1.21 NP FC
Decapterus muroadsi 52 50 23.6 ± 3.2 13.6 0.93 OP Zoop
Oligoplites altus 64 56 37.3 ± 8.6 23.1 0.87 NP FC
Oligoplites refulgens 114 28 21.9 ± 2.5 11.4 0.66 ND FC
Selar crumenophthalmus 95 30 19.8 ± 0.9 4.4 1.03 NP Zoop
Selena peruviana 142 40 28.8 ± 28.7 18.7 1.06 PD CF
Trachinotus rhodopus 146 61 25.4 ± 5.2 20.5 1.01 BD MC
Abbreviations: n – sample size; CV – coefficient of variation; Kn – condition factor. Habitat: BD – bentho-demersal, ND – neritic-demersal, NP – neritic-
pelagic, OP – oceanic-pelagic, PD – pelagic-demersal. Feeding type: CF – crustraceans-fish, FC – fish-crustraceans, MC – mollusks-crustaceans, Zoop 
– zooplanktivore. *Data according to Allen and Robertson (1998) and Palacios-Salgado et al. (2014).

MATERIALS AND METHODS

Study area
Santa Lucia Bay, also known as Acapulco Bay, is located 

on the tropical southern Pacific coast of Mexico, in the state of 
Guerrero. The bay has a semi-circular (6.3 km diameter), amphi-
theater-like shape created by low hills (< 500 m) surrounding the 
south-facing bay. It is considered to be very climatologically pro-
tected (Rojas-Herrera et al. 2012). This bay constitutes a natural 
habitat that provides protection and food to many species of both 
resident and temporal fish. However, since this bay is one of the 
most important touristic destinations in México, for several years 
it has evidenced a high level of environmental deterioration. Dur-
ing the period covered by this study, five climatic events were 
recorded in the study area: three warming phases of the ENSO 
(El Niño 2015–2016, 2018–2019 and 2023–2024), and two cool-
ing phases (La Niña 2016–2017 and 2020–2021). Therefore, the 
multivariate El Niño index values (MEI) for each sampling date 
were obtained from the National Oceanic and Atmospheric Ad-
ministration (NOAA) database.

Fish collection and biometric data
This study used a total of 1,148 fish specimens belonging to ten 

species of Carangidae, eight previously examined (Caranx caballus, 
n = 237; Caranx caninus, n = 122; Caranx sexfasciatus, n = 110; 
Decapterus  muroadsi, n = 52; Oligoplites altus, n = 64; Oligoplites 
refulgens, n = 114; Selar crumenophthalmus, n = 95; and Trachinotus 
rhodopus, n  =  146), and two species examined for the first time 
(Euprepocaranx dorsalis, n = 66; Selene peruviana, n = 142), which 
were obtained of commercial fishermen between May  2014 and 
August 2024 from Acapulco Bay (16.8524N, 99.8823W).

In the laboratory, E. dorsalis and S. peruviana were measured, 
weighed and sexed. The Fulton’s condition factor (Kn) was cal-
culated using the equation: Kn = Wt/Lt3 × 100 where Wt (g) is 
total weight, and Lt = total length (cm). The coefficient of varia-
tion (CV) was used to assess the variability in the total length of 
fish populations during each sampling. Contents of the digestive 
tract were examined to identify prey items consumed by each fish 
species; the diet was analysed using the frequency of occurrence 
method (Lima-Junior and Goitein  2001). The diet diversity of 
these two fish species was calculated as the number of prey items 
consumed by the populations of each species. All fish species 
were classified according to their habitat and feeding types based 
on Palacios-Salgado et al. (2014) (Table 1).
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Parasite collection methods
Fish necropsy and parasite recovery procedures were de-

scribed in the corresponding publications (Gallegos-Navarro et 
al. 2018, 2019, Santos-Bustos et al. 2018, Violante-González et 
al. 2019, 2020, Osuna-Cabanillas et al. 2024). The same pro-
cedures were applied to the two newly examined host species. 
Parasites of the carangids E. dorsalis and S. peruviana were mor-
phologically identified to the lowest possible taxonomic level 
using specialised literature. Vouchers of the most abundant and 
best-preserved parasite specimens of these two new hosts were 
deposited in the Colección Nacional de Helmintos (CNHE), Uni-
versidad Nacional Autónoma de México, Mexico City (voucher 
numbers: 12266–12278, and 176–178).

Parasite species were classified based on the traits of their 
life cycle as monoxenous (single-host life cycle) and heterox-
enous (multi-host life cycle) parasites. The infection levels for 
each parasite specie were described using prevalence and mean 
abundance following the terminology of Bush et al. (1997). Pos-
sible differences in the infection levels between host species were 
determined using G-tests for prevalence and Factorial Anovas 
(General Lineal Model, GLM) for abundance. 

Study levels
Analyses were made at the levels of component community 

(i.e., total number of parasite species in a population of a fish spe-
cies) and infracommunity (i.e., total number of parasite species 
in a  specimen of each species of fish). Component community 
parameters included total species richness, total number of in-
dividuals of each species of parasite, the exponential of Shan-
non-Wiener index (Hill number, 1D) as a  measure of parasite 
diversity, species evenness (equitability), and the Berger-Park-
er Index (BPI) as a  measure of numerical dominance (Magur-
ran 2004). Rank-abundance curves were used to visualise chang-
es in the species composition of parasite communities between 
species of host. Similarity analysis, based on Bray-Curtis similar-
ity coefficients (square root transformed abundance data), were 
used to evaluate similarity and difference in species composition 
of parasite community between host species. 

Non-metric multidimensional scaling (nMDS) based on the 
Bray-Curtis similarity index was used to rank the component 
parasite communities according to their relative similarities and 
visualise possible differences in species composition. One-way 
analysis of similarity (ANOSIM) was used to determine the sig-
nificance of possible grouping patterns in the nMDS ranking. 
When a Global R-value of the ANOSIM was > 0.75, the species 
composition of the parasite communities was considered to be 
different, and when a  Global R value < 0.25, the communities 
exhibited high similarity in species composition. Differences 
between component community parameters were identified us-
ing the non-parametric Kruskal-Wallis test, or the Student t test, 
considering data of the total population of each fish species as 
a component community.

Infracommunities were described in terms of mean number of 
parasite species per host species, mean number of individuals of 
each species, and the mean Brillouin Diversity index (H’) value 
per host species. The multivariate general linear model (GLM) 
and PERMANOVA analysis were used to identify possible dif-
ferences in infracommunity parameters (dependent variables) be-
tween species of host. Spearman’s correlation coefficient (rs) was 

used to determine possible relationships between total fish length 
and infracommunity parameters, as well as with the abundance 
of component species (parasite species with a prevalence ≥ 10%).

The significance of all statistical analyses was established at 
α = 0.05, unless stated otherwise. Principal Component Analysis 
(PCA) was applied to identify biotic or abiotic factors that influ-
ence species richness and diversity of parasite infracommunity. 
The variables included were: Fulton’s condition factor (Kn), sex, 
host diet diversity, habitat type, climatic season (dry and rainy 
seasons), MEI values, sampling year, and infracommunity pa-
rameters. The statistical packages SPSS (IBM SPSS Statistics 
for Windows, Ver. 20.0), R package Ver. 2.5-7, and PRIMER v6. 
software, were used for all statistical analyses. 

RESULTS

Species composition
The parasite fauna of the ten carangid fish species in-

cluded in this study (eight already examined and two new 
host species) consisted of 78 species/taxa of metazoan par-
asite (58 helminths, 19 crustaceans and one pentastomid); 
of these parasite species six represent new host records 
(Table  2). These species included: 15  species of ‘Mono-
genea’ (adults), 27  Digenea (25  adults and two metacer-
cariae), one Aspidogastrea (adult), three Acanthocephala 
(adult), five Cestoda (larvae), eight Nematoda (six adults 
and two larvae), 16 Copepoda and three Isopoda (Table 2). 

Species richness was highest among the digeneans, 
which represented 35% of the total species, followed by 
the copepods (21%). Based on infection site, 34  species 
were ectoparasites (monoxenous), and  44  were endopar-
asites (heteroxenos). Thirty-three parasite species infected 
a  single host species, 23  infected two-host species, and 
only nine were recovered from up to five or more host 
species (Fig. 1). Only larvae of the nematode Anisakis sp. 
were recovered from 10 examined hosts. 

Variation in the parasite infection levels
Nine parasite species most widely distributed among 

host species (Pseudempleurosoma sp.; Pseudomazocraes 
selene Hargis, 1957; Bucephalus margaritae Ozaki et Ishi-
bashi, 1934; Ectenurus virgula Linton, 1910; Lecithochir-
ium microstomum Chandler, 1935; Phyllodistomum ca-
rangis (MacCallum, 1913); Anisakis sp.; Caligus mutabilis 
Wilson, 1905; and Lernanthropus giganteus Krøyer, 1863) 
recorded significant variations in their infection levels (Ta-
ble 2).

The prevalence values of the monogenean Pseudem-
pleurosoma sp. (G-test = 69.6, p < 0.01) and the digene-
an B. margaritae (G-test = 67.6, p < 0.01) were higher in 
Caranx caballus; the digeneans E. virgula (G-test = 38.8, 
p < 0.01) and Ph. carangis (G-test = 23.5, p < 0.01) were 
most prevalent in Euprepocaranx dorsalis, while the 
monogenean Ps. selene (G-test = 152.7, p < 0.01) and the 
nematode Anisakis sp. (G-test = 184.6, p < 0.01) had their 
highest prevalence in Selar crumenophthalmus. The cope-
pods C. mutabilis (G-test = 28.8, p < 0.01) and L. giganteus 
(G-test = 6742, p < 0.01) were more prevalent in Oligop-
lites refulgens and Oligoplites altus, respectively, while the 
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Table 2. Parasite infection parameters (prevalence and abundance – in parentheses) for 10 species of carangid fish from Acapulco Bay, 
México. Significantly different measurements of prevalence (G-test) and abundance (Factorial Anova) (p < 0.05) are in bold. 

Parasite taxa Site Ccab Ccan Csex Dmur Edor Oalt Oref Scru Sper Trho
Monogenea
Ahpua piscicola G 4.7 (0.08) 85.1 (7.09)
Allopyragraphorus caballeroi G 40.1 (2.25) 16.4 (0.45)
Capsala sp.* G 0.70 (0.01)
Hargicola oligoplites G 4.7 (0.30)
Heteromicrocotyla carangis G 0.91 (0.01)
Neobenedenia melleni G 0.91 (0.01)
Neomicrocotyle pacifica G 5.7 (0.25) 80.9 (25.6)
Probursata veraecrusis G 1.6 (0.03)
Protomicrocotyle manteri G 95.9 (10.3) 60 (2.4)
Pseudaxine trachuri G 7.7 (0.10)
Pseudempleurosoma sp. G 45.1 (2.78) 0.8 (0.01) 7.7 (0.10) 36.4 (0.74) 17.3 (0.38) 9.9 (0.18) 24 (0.66)
Pseudobicotylophora lopezochoterenai G 28.8 (1.05)
Pseudomazocraes monsivaisae G 65.4 (5.27)
Pseudomazocraes selene G 1.6 (0.02) 12.7 (0.17) 1.9 (0.02) 62.1 (1.45) 74.3 (6.33) 53.5 (1.61)
Pyragraphorus hollisae G 4.9 (0.61) 74.7 (2.98)
Digenea
Anacetabulum-type (larvae) I 24 (0.44)
Bucephalopsis longovifera* I 36.4 (2.98)
Bucephalus margaritae I 64.6 (6.59) 13.1 (1.01) 19.1 (1.43) 48.5 (3.83) 9.1 (0.15)
Bucephalus sp. I 2.5 (0.04) 3.6 (0.09)
Dactylostomum winteri I 12.7 (0.21)
Dinurus scombri I 1.6 (0.02) 9.6 (0.12) 1.4 (0.01)
Ectenurus lepidus I 10.9 (0.31) 5.3 (0.12)
Ectenurus virgula I 9.8 (0.11) 13.6 (0.35) 17.3 (0.25) 47 (1.0) 26.6 (0.86) 9.6 (0.19) 39 (1.39)
Gonocercella pacifica I 0.88 (0.01) 47.9 (1.79)
Hirudinella ventricosa I 0.9 (0.01) 2.1 (0.02)
Lecithocladium angustiovum  I 0.8 (0.01) 78.9 (0.73) 5.5 (0.15)
Lecithocladium excisum I 1.8 (0.03) 1.9 (0.02)
Lecithochirium microstomum I 3.3 (0.09) 5.4 (0.06) 1.1 (0.01) 7.1 (0.07) 36.3 (0.89)
Manteria brachiderus I 90.6 (10.5) 88.6 (5.8)
Mecoderus oligoplitis I 0.9 (0.01) 15.6 (0.27) 5.3 (0.15)
Monascus filiformis I 12.6 (0.18)
Nematobothrium sp. I 10.9 (0.17) 2.6 (0.03)
Opechona faringodactyla  I 3.4 (0.34)
Phyllodistomum carangis I 1.6 (0.02) 13.6 (0.33) 2.1 (0.02) 1.4 (0.01) 10.3 (0.24)
Proctoeces sp. I 24.7 (1.27)
Pseudopecoeloides carangis* I 33.3 (1.15) 3.5 (0.04)
Pseudopecoelus sp. I 0.7 (0.03)
Stephanostomum casum  I 6.2 (0.06)
Stephanostomum ditrematis I 1.8 (0.02)
Stephanostomum megacephalum I 2.1 (0.08) 4.1 (0.04)
Tergestia laticollis I 2.1 (0.02)
Torticaecum-type (larvae) I 2.7 (0.03) 7.7 (0.08) 1.1 (0.01) 1.4 (0.01)
Acanthocephala
Bolbosoma sp. I 1.9 (0.02)
Nipporhynchus sp. I 7.8 (0.16) 12.3 (0.23)
Rhadinorhynchus sp. I 3.3 (0.03) 1.8 (0.02) 10.9 (0.33) 76.7 (18.8)
Cestoda
Acanthobothrium sp. (larvae) I 7.7 (0.65)
Nybelinia sp. (larvae) I 1.3 (0.01) 2.1 (0.02)
Onchoproteocephalidea gen. sp. 
(larvae) I 0.9 (0.01) 1.9 (0.02) 3.2 (0.03) 10.3 (0.18)

Otobothrium sp. (larvae) I 1.6 (0.06)
Trypanorhyncha gen. sp. (larvae) I 7.8 (1.4) 6.2 (0.07)
Nematoda
Anisakis sp. (larvae) I 8.5 (0.15) 6.4 (0.09) 9.6 (0.10) 4.5 (0.05) 40.6 (2.22) 66.7 (5.55) 71.3 (1.8) 23.2 (0.33) 26.7 (0.64)
Contracaecum sp. (larvae) I 28.7 (0.47) 0.8 (0.01)
Cucullanus sp. I 0.8 (0.02) 2.5 (0.02)
Hysterothylacium sp. I 4.1 (0.05)
Philometra sp. I 1.3 (0.02) 2.1 (0.02)
Procamallanus sp. I 1.3 (0.01) 0.9 (0.01) 1.6 (0.25)
Pseudocapillaria carangi* I 9.1 (0.18) 2.1 (0.02)
Spinitectus sp. I 4.2 (0.07) 1.9 (0.02) 4.7 (0.08)
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parasite species more prevalent in Trachinotus rhodopus 
was the digenean L. microstomum (G-test = 53.6, p < 0.01). 

All these parasite species exhibited significant varia-
tion in their mean abundance (GLM: p < 0.01), being most 
abundant on the same host species in which they were 
most prevalent. A positive correlation between the preva-
lence and mean abundance values of these parasite species 
(rs  =  0.973, p < 0.01) confirmed that the most prevalent 
species were also the most abundant.

Diet composition of the fish species
Diet composition varied significantly (t = 4.47, p < 0.01) 

among the fish species from 3 to 15 prey items (Table 3). 
Species of the genus Caranx, as well as O. altus and Selene 
peruviana, included higher percentages of small fish in their 
diet (mean = 61%). In contrast, crustaceans were better rep-
resented (mean = 66 %) in fish species such as E. dorsalis, 
Decapterus muroadsi, S.  crumenophthalmus and O.  reful-
gens. Only the diet of T. rhodopus was completely different, 
as snails (37%) were the most important prey.

Component communities
Parasite species richness at component community 

level (Table  3) varied significantly from  11  in E.  dorsa-
lis to 27 in Caranx caninus (t = 3.73, p < 0.01). Parasite 
communities of Caranx hosts were more similar in spe-
cies richness (23 to 27 species, Table 3). The overall ratio 
of heteroxenous to monoxenous species of parasite (Hsp/
Msp = 2.29) favoured the first group of parasites.

The total number of individual parasites ranged 
from 345 in D. muroadsi to 5,176 in T. rhodopus (t = 3.27, 
p < 0.01), and the diversity index values from  4.70  in 
Caranx  sexfasciatus to  26.08  in E.  dorsalis (t  =  3.59, 
p < 0.01). No correlation was observed between the sample 
size and these parameters at this level (p > 0.05), indicating 
that the different sample sizes used in the analyses had no 
effect on the results. Eight helminth species (five monogene-
ans, two digeneans and one acanthocephalan) numerically 
dominated the parasite communities of the 10 host species 
(Table 3). Only the digenean B. margaritae (in E. dorsalis and 
C. caballus), and the monogenean Pseudomazocraes selene 
(in S. crumenophthalmus and Se. peruviana), dominated in 
up to two parasite communities (Table 3). Rank-abundance 
curves indicated that the distribution of species abundance 
varied notably among the host species (Fig. 2). 

The greatest differences in relative abundance between the 
first and second parasite species were registered among the 
communities of C. caninus, C. sexfasciatus and D. muroad-
si (Fig. 2); indicating that these communities were mostly 
dominated by a species of parasite (the monogeneans Pro-
tomicrocotyle manteri Bravo-Hollis, 1966, Neomicrocotyle 
pacifica (Meserve, 1938) and Pseudomazocraes monsivai-
sae Caballero et Bravo Hollis, 1955, respectively).

Similarity between component parasite communities 
varied widely from  0.61% (C. caballus–D. muroadsi) 
to  52.2% (O.altus–O. refulgens) (mean  =  8.05%). The 
nMDS ranking of the component communities showed 

Fig. 1. Distribution of parasite species between the examined hosts.

Copepoda
Bomolochus bellones G 0.4 (0.01) 0.8 (0.01) 1.7 (0.02) 47.5 (1.16)
Caligus aesopus G 1.6 (0.02)
Caligus alalongae G 52.3 (1.03) 34.4 (0.65) 0.91 (0.01)
Caligus asperimanus  G 4.7 (0.05) 85.6 (3.18)
Caligus chorinemi G 8.2 (0.09)
Caligus haemulonis* G 36.4 (0.47)
Caligus hoplognathi G 2.5 (0.02)
Caligus isonyx* G 65.1 (1.38)
Caligus mutabilis G 3.8 (0.04) 18.7 (0.33) 20.2 (0.28) 75.8 (1.92) 7.1 (0.08)
Caligus robustus G 4.6 (0.06) 8.2 (0.10) 50.9 (0.81) 8.4 (0.11)
Ergasilus cf. gibbus G 1.3 (0.01)
Ergasilus sp. G 0.8 (0.01) 1.8 (0.02)
Hatschekia longibrachium  G 0.7 (0.01)
Lernanthropus giganteus G 4.6 (0.05) 11.5 (0.15) 45.3 (1.13) 2.6 (0.03) 1.1 (0.01) 31 (0.46)
Lernanthropus ilishae G 0.8 (0.01) 15.4 (0.17)
Taeniacanthodes gracilis G 0.4 (0.01)
Isopoda
Ancinus depressus  G 5.5 (0.05)
Gnathia sp. (larvae) G 0.4 (0.01) 2.7 (0.03)
Rocinella signata G 0.4 (0.01) 4.1 (0.04) 0.9 (0.01) 7.1 (0.08)
Pentastomida
Sebekia sp. (larvae) M 4.7 (0.05) 0.7 (0.01)
Abbreviations:  Ccab – Caranx caballus, Ccan – Caranx caninus, Csex – Caranx sexfasciatus, Dmur – Decapterus muroadsi, Edor – Euprepocaranx dorsalis; Oalt – Oligo-
plites altus, Oref – Oligoplites refulgens, Scru – Selar crumenophthalmus, Sper – Selene peruviana, Trho – Trachinotus rhodopus. Site of infection: G – gills, I – intestine, 
M – mesentery. * – new records of parasite species.
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a strong clustering (7/10 communities) at a similarity level 
of 40% but there was a clear separation of three parasite 
communities (D. muroadsi, T. rhodopus and C. caballus, 
Fig. 3). The ANOSIM also shows significant differences in 
the similarity of parasite communities between species of 
host (Global R = 0.741, p < 0.01), suggesting large differ-
ences in species composition. 

The results of the PERMANOVA analysis indicated that 
abundance of component parasite species varied significantly 
between host species. The interactions between size × host 
and weight x host, explained high percentages of the vari-
ability in the abundance of these parasite species (Table 4). 

Infracommunities
Body size of fish species ranged from 19.8 ± 0.9 cm (S. 

crumenophthalmus) to 37.3 ± 8.6 cm (O. altus, Table 3), 
and differed among host species (Anova F9,1147 = 16.85, p 
< 0.01). Host body size was positively or negatively cor-

related with some infracommunity parameters. A  greater 
number of significant correlations (two negative and four 
positive) were recorded between the body size of the hosts 
and the number of ectoparasite individuals (Table 5). The 
highest numbers of correlations per host species were ob-
served between the infracommunities of C.  sexfasciatus 
and T. rhodopus (5 and 6, respectively). 

All infracommunity parameters varied significantly 
among host species. Mean species richness of parasites 
(Fig. 4A) varied from 1.42 ± 0.63 to 5.86 ± 1.90 (GLM: 
Anova F9,1147= 77.27, p < 0.001), the mean number of in-
dividual parasites (Fig. 4B) from 3.09 ± 4.06  to 35.45 ± 
32.54  (GLM: Anova F9,1147  = 18.14, p < 0.001), and the 
Brillouin diversity index (H’) values (Fig. 4C) varied 
from 0.19 ± 0.34 to 1.43 ± 1.4 (GLM: Anova F9,1147 = 51.58, 
p < 0.001). All parameters were higher for infracommuni-
ties of T. rhodopus (Figs. 4A–C).

Fig. 2. Range-abundance curves for parasite component communities of carangid fish from Acapulco Bay, Mexico. Fish species: Ccab 
– Caranx caballus, Ccan – Caranx caninus, Csex – Caranx sexfasciatus, Dmur – Decapterus muroadsi, Edor – Euprepocaranx dor-
salis; Oalt – Oligoplites altus, Oref – Oligoplites refulgens, Scru – Selar crumenophthalmus, Sper – Selene peruviana, Trho – Trachi-
notus rhodopus. Dominant parasite species: Buce – Bucephalus margaritae, Prot – Protomicrocotyle manteri, Neom – Neomicrocotyle 
pacifica, Psmo – Pseudomazocraes monsivaisae, Mant – Manteria brachiderus, Ahpu – Ahpua piscicola, Psse – Pseudomazocraes 
selene, Rhad – Rhadinorhynchus sp. 

Table 3. Characteristics of parasite component communities of carangid fish from Acapulco Bay, Mexico. 

Year Date MEI Fish No. of fish Length (cm) Diet Species Parasite group  No. of BPI Dominant 1Dspecies variety richness REcto REndo parasites species
2016 Aug r -0.3 Ccab 237 26.2 ± 4.6 12 23 12 11 3266 0.479 Buce 13.20
2018 Apr d -1.3 Ccan 122 25.5 ± 4.1 7 27 15 12 1730 0.724 Prot 8.58
2019 Mar d 0.3 Csex 110 26.5 ± 5.0 12 25 12 13 3465 0.813 Neom 4.70
2014 Aug r 0.3 Dmur 52 23.6 ± 3.2 11 13 4 9 345 0.794 Psmo 5.15
2014 May d 0.2 Edor* 66 21.5 ± 4.5 4 11 4 7 896 0.282 Buce 26.08
2016 Feb d 1.8 Oalt 64 37.3 ± 8.6 3 20 6 14 1207 0.556 Mant 17.44
2016 Jul r -0.5 Oref 114 21.9 ± 2.5 4 12 4 8 2219 0.364 Ahpu 10.00
2018 Apr d -0.9 Scru 95 19.8 ± 0.9 11 12 5 7 933 0.685 Psse 6.42
2024 Aug r -0.7 Sper* 142 28.8 ± 28.7 9 16 6 10 440 0.518 Psse 16.45
2020 May d -0.7 Trho 146 25.4 ± 5.2 15 24 7 17 5176 0.53 Rhad 20.94
Abbreviations: Ccab – Caranx caballus; Ccan – Caranx caninus; Csex – Caranx sexfasciatus; Dmur – Decapterus muroadsi; Edor – Euprepocaranx 
dorsalis*; Oalt – Oligoplites altus; Oref – Oligoplites refulgens; Scru – Selar crumenophthalmus; Sper – Selene peruviana*; Trho – Trachinotus 
rhodopus; * – New data; MEI – Multivariate El Niño index (positive values represent the warm phase, while negative values the cooling phase); Length 
– total length; Diet variety – number of prey ítems per fish species; BPI – Berger-Parker index; Buce – Bucephalus margaritae; Prot – Protomicrocotyle 
manteri; Neom – Neomicrocotyle pacifica; Psmo – Pseudomazocraes monsivaisae; Mant – Manteria brachiderus; Ahpu – Ahpua piscicola; Psse – 
Pseudomazocraes selene; Rhad – Rhadinorhynchus sp.; 1D – exponential of Shannon’s entropy index. Letters as superscripts represent climatic seasons 
(d – dry; r – rainy). Significantly different values are in bold (p < 0.05).
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Multivariate analyses
In the PCA used to identify the possible influence of bi-

otic and abiotic factors on parasite infracommunity struc-
ture (Fig. 5), the host sex and Fulton’s condition factor (Kn) 
were eliminated as “predictor” variables, because of its low 
contribution to total explained variance. The first two prin-
cipal component axes explained  47.3% of total variance: 
they contributed 29.1% (eigenvalue = 4.23) and 18.2% (ei-
genvalue = 2.58), respectively.

The first component variable associated to the habitat 
type of the fish species and the climatic season, along with 
the infracommunity parameters (Table  6). This variable 
suggests that fish from bentho-demersal or neritic-dem-
ersal habitats had infracommunities with greater species 
richness and diversity; these fish were collected mainly 
during the dry season in some years (Table 3). The second 
variable associated the traits of the host species (body size, 

weight and diet variety) with climatic events (multivariate 
El Niño index), and the year of sampling. According to this 
second variable, the larger species of host had a less varied 
(more specialised) diet, mainly during some years when 
the temperature was slightly higher than normal (Table 3).

DISCUSSION
Although it has been observed that sympatric host spe-

cies that are phylogenetically closely related tend to ex-
hibit parasite communities with very similar diversity and 
species richness, the metazoan parasite communities of the 
carangid fishes examined here varied significantly in their 
structure and species composition even between species of 
the same genus. Some host traits, such as body size, habitat 
type and differences in the type of diet, possibly increased 
by the effect of climatic events, were considered to be the 
main factors responsible for these variations. These results 

Table 4. Results of the PERMANOVA analysis based on Bray-Curtis dissimilarities of host traits that explain variation in the abun-
dance of component species and infracommunity parameters for parasites of carangid fish species, from Acapulco Bay, Mexico. 

Source df SS MS Pseudo-F p-value Variation
components (%)

Abundance of component species
Host 9 1,638,800 182900 136.3 0.001 40.13
Size 229 373,000 1628.8 1.38 0.001 11.14
Size × host 335 454,560 1356.9 79.43 0.001 9.93
Weight 766 1,051,200 1372.3 1.14 0.001 11.11
Weight × host 121 166,050 1372.3 1.34 0.001 11.57
Infracommunity parameters
Diversity 439 634,390 1445.1 1.33 0.001 13.81
Diversity × host 237 298,140 1258 1.16 0.001 9.36
Richness 12 70,760 5896.7 4.95 0.001 11.09
Richness × host 50 97,791 1955.8 1.64 0.001 7.58
Load 99 229,990 2323.2 2.27 0.001 13.44
Load × host 261 411,190 1575.4 1.54 0.001 13.56
Size – host body size (total length); Weight – host weight; Richness – number of parasite species per host; Load – total number of parasites per infra-
community; Diversity – Brillouin diversity index values. Abbreviations: df – degrees of freedom; SS – sums of squares; MS – mean squares. Only 
significant effects are listed. 

Fig. 3. Non-metric multidimensional scaling (nMDS) plot for parasite communities of carangid fish from Acapulco Bay, Mexico. Ellip-
ses represent similarity levels between fish species. Abbreviations:  Ccab – Caranx caballus; Ccan – Caranx caninus; Csex – Caranx 
sexfasciatus; Dmur – Decapterus muroadsi; Edor – Euprepocaranx dorsalis; Oalt – Oligoplites altus; Oref – Oligoplites refulgens; 
Scru – Selar crumenophthalmus; Sper – Selene peruviana; Trho – Trachinotus rhodopus.
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suggest, therefore, that ecology of the host has a greater 
influence on the structure and species composition of the 
parasite community than its phylogenetic history (Vickery 
and Poulin 1998, Muñoz et al. 2006).

Richness of parasite fauna 
The parasite fauna of the  ten  fish species of 

Carangidae collected from Acapulco Bay was composed 
of 78 parasite species (58 helminths, 19  crustaceans and 
one pentastomid). The mean number of parasite species per 
examined host species (7.8 species) was higher than that 
reported for other fish species from Chamela Bay, Mexico 
(mean = 1.2 species; 92 parasite species in 114 host species, 
Pérez-Ponce de León et al. 1999), Tres Palos lagoon 
(mean = 3.0 species; 39 parasite species in 13 host species, 
Violante-González et al. 2007), and Gulf of California 

(mean = 4.0 species; 40 parasite species in 10 host species, 
Osuna-Cabanillas et al. 2024). 

The rich parasite fauna reported here for carangids from 
Acapulco Bay is probably due to the long-term (ten years) 
sampling effort extending through different seasons (dry 
and rainy), which allowed detection of a  higher number 
of rare species within the parasite communities of each 
species of host (Zander  2005, Villalba-Vasquez et al. 
2022). However, the parasite fauna must probably be much 
richer, since only 29% of the carangid species reported for 
the coasts of the Mexican southern Pacific (34  species; 
Palacios-Salgado et al. 2014, Osuna-Cabanillas et al. 2024) 
have been examined for parasites so far.

Species composition of parasite communities
The parasite communities of Euprepocaranx dorsalis 

and Selene peruviana from Acapulco Bay had not been 

Table 5. Values of the Spearman rank correlation coefficient between the total length of the fish and the population and parasite infra-
community parameters. 

Fish species REcto REndo TEcto TEndo Richness Evenness Diversity Load
Caranx caballus -0.128 0.406 -0.248 0.316 0.181
Caranx caninus 0.373 0.261
Caranx sexfasciatus 0.562 -0.189 -0.518 0.508
Decapterus muroadsi 0.675 -0.428 0.678 -0.379 0.653
Euprepocaranx dorsalis 0.252 -0.254 0.269
Oligoplites altus 0.270
Oligoplites refulgens 0.189 0.263 0.188
Selar crumenophthalmus
Selene peruviana
Trachinotus rhodopus -0.159 -0.163 -0.142 0.184 0.165 -0.154
Abbreviations: REcto – number of ectoparasite species; REndo – number of endoparasite species; TEcto – total number of ectoparasites; TEndo – total number of 
endoparasites; Richness – Number of parasite species per host; Evenness – species evenness; Diversity – Brillouin diversity index values; Load – total number of 
parasites per infracommunity. Only significant values are listed. 

Fig. 4. Mean values of the infracommunity parameters (± standard deviation) of carangid fish, from Acapulco Bay, Mexico. Abbrevi-
ations: Ccab – Caranx caballus; Ccan – Caranx caninus; Csex – Caranx sexfasciatus; Dmur – Decapterus muroadsi; Edor – Eupre-
pocaranx dorsalis; Oalt – Oligoplites altus; Oref – Oligoplites refulgens; Scru – Selar crumenophthalmus; Sper – Selene peruviana; 
Trho – Trachinotus rhodopus.
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examined, so their parasites represent new geographical 
records for these fishes on the southern Mexico’s Pacif-
ic coast (Table  2). The overall dominance pattern of the 
parasite fauna reported here was: Digenea > Copepoda > 
Monogenea > Nematoda > Cestoda  = Acanthocephala > 
Isopoda > Pentastomida. In tropical regions, digeneans are 
usually the most diverse group of helminths in fish from all 
environments (fresh, marine and brackish water) (Luque 
and Poulin 2007). Species richness of this group of para-
sites ranged from 4 to 11 among the fish species, and was 
highest in Trachinotus rhodopus. 

However, digeneans were not the most species-rich 
group in all host species, because copepods were the 
dominant or co-dominant parasite group in C.  caballus 
and Caranx caninus (Table  2). Copepods are also 
a highly diverse group that mainly parasitise marine fish 
(Rohde  2005, Morales-Serna et al. 2014, Soler-Jiménez 
et al. 2019). In the Neotropics, copepods constitute the 
second largest group of parasites in marine fish, and the 
third largest in freshwater fish (Luque and Tavares 2007). 

González and Poulin (2005) point out that richness of 
ectoparasite copepod species in the Pacific Ocean presents 
a  latitudinal gradient related to extrinsic factors such as 
the number of interactions with fish species, and the wa-
ter temperature. For example, in tropical regions there is 

a greater diversity of fish species, so a greater number of 
ectoparasite-fish interactions can occur. In addition, tem-
peratures below  10  °C affect the development time of 
caligid copepod populations. 

Conversely, in regions with warm climates the life cy-
cles of these ectoparasites are shorter, although they reach 
smaller sizes compared to copepod species from temperate 
regions. Therefore, in warmer water regions located be-
tween latitudes 30o S and 40º S, it is possible to find com-
munities of parasite copepods with greater species richness 
(González and Poulin  2005). In the Mexican Pacific ca-
rangid fish are frequently parasitised by copepods, mainly 
Caligidae (Morales-Serna et al. 2014, Gallegos-Navarro 
et al. 2018, Violante-González et al. 2019, 2020). In this 
study, the genus Caligus Müller, 1785 was the most rep-
resented (9 species, Table 2) of the copepods. The species 
richness of Caligus was very similar to that reported for 
the same number of carangid fish from the Mexican North 
Pacific (8 species; Osuna-Cabanillas et al. 2024).

Monogeneans were also an important group in the struc-
turing of the parasite communities of some hosts such as 
C. caninus, Caranx sexfasciatus and Decapterus muroadsi 
(Table 2). Monogeneans, like copepods, are transmitted by 
contact, which increases their transmission probabilities, 

Table 6. Summary of the Principal Component Analysis results 
(PCA) on biotic and abiotic factors that influence the diversity 
and species richness of the parasite infracommunities of carangid 
fish species. The first and second principal component axes are 
indicated by PC 1 and PC 2, respectively. Variables that contrib-
ute more to the total explained variance in each PC are indicated 
by an asterisk. Eigenvalues, percentage of variance and cumula-
tive variance are shown at the end of the table. 

Communality Uniqueness

Variables  PC 1  PC 2  R2  % not predicted 
Richness 0.949* -0.121 0.915 0.085
Diversity 0.846* -0.127 0.731 0.269
REndo 0.809* 0.065 0.658 0.342
TEndo 0.630* 0.079 0.403 0.597
REcto 0.596* -0.281 0.434 0.566
Habitat 0.575* -0.362 0.462 0.538
Load 0.575* 0.092 0.339 0.661
Evenness 0.459* -0.109 0.223 0.777
Season -0.335* -0.016 0.113 0.887
Size 0.198 0.817* 0.706 0.294
Weight 0.184 0.812* 0.693 0.307
MEI 0.090 0.729* 0.540 0.46
Host 0.346 -0.558* 0.431 0.569
Diet 0.249 -0.386* 0.211 0.789
Year 0.173 -0.350* 0.153 0.847
Eigenvalue 4.23 2.58
% total variance 29.10 18.20
Cumulative variance 29.10 47.30  
Communality – Total influence of the variable with respect to all other 
associated variables. Uniqueness – percentage of variability that is not 
predicted by the variable in the model. Diversity – Brillouin diversity 
index values; Richness – Number of parasite species per host; REc-
to – number of ectoparasite species; REndo – number of endoparasite 
species; TEcto – total number of ectoparasites; Diet – host diet variety; 
MEI – Multivariate El Niño index values; Year – Sampling year; TEndo 
– total number of endoparasites; Load – total number of parasites per 
infracommunity; Size – host body size (total length); Evenness – species 
evenness; Weight – total weight of the host.

Fig. 5. Scatter plot of Principal Component Analysis (PCA) of 
factors that influence the species richness and diversity of the par-
asite infracommunities of carangid fish species, from Acapulco 
Bay, Mexico. Diversity – Brillouin diversity index values, Rich-
ness – number of parasite species per host, REcto – number of 
ectoparasite species, REndo – number of endoparasite species, 
TEcto – total number of ectoparasites, Diet – host diet variety, 
MEI – Multivariate El Niño index values, Year – sampling year, 
TEndo – total number of endoparasites, Load – total number of 
parasites per infracommunity, Size – host body size (total length), 
Evenness – species evenness, Weight – total weight of the host. 
Habitat type: OP – oceanic-pelagic, NP – neritic–pelagic, PD – 
pelagic–demersal, ND – neritic–demersal, BD – bentho-demersal.
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especially in gregarious fish such as the carangids (Sasal 
et al. 1999, Mendlová and Šimková  2014). Most mono-
genean species exhibit high host-specificity at the level of 
family, genus or host species and by a particular infection 
site or microhabitat (Sasal et al. 1999, Mendlova and Šim-
ková 2014, Theisen et al. 2017). 

According to the number of infected hosts, it is possible 
to suggest that Pseudomazocraes selene (registered in six 
hosts), can be considered a specialist-parasite of carangid 
fish at the family level (Table 2). Ahpua piscicola Caballero 
et Bravo-Hollis, 1973, Allopyragraphorus caballeroi (Ze-
recero, 1960), Neomicrocotyle pacifica and Protomicrocot-
yle manteri are specialist at genus level (Rohde 2005). 

On the other hand, monogeneans generally infect the 
gills, fins and scales of fish, but also the eyes and nostrils. 
Very few species are considered endoparasites, i.e. found 
inside the host’s body (Theisen et al. 2017). The mono-
genean Pseudempleurosoma sp. was recovered from the 
oesophagus of seven host species, although it exhibited 
higher infection levels in E. dorsalis and C. caballus (Ta-
ble 2). Pseudempleurosoma spp. are considered generalist 
parasites, because they infect different species of host, ge-
nus or family (Theisen et al. 2017).

Importance of intermediate host 
Metazoan parasite communities of marine fish can in-

clude both adults and larval stages of several endoparasite 
groups, which use fish as intermediate or paratenic hosts 
(Marcogliese  2002, Luque and Poulin  2004, Poulin and 
Leung 2011). Ten of the 78 parasite species identified were 
larvae (two digeneans, five cestodes, two nematodes and 
one pentastomid). Larvae of the nematode Anisakis sp. were 
most prevalent in the carangids Selar crumenophthalmus 
and Oligoplites refulgens, and digenean larvae of Anacetab-
ulum-type and cestode larvae of onchoproteocephalideans 
in D. muroadsi and T. rhodopus respectively. 

Helminth larvae that use fish as intermediate or paraten-
ic hosts are transmitted to their definitive hosts by preda-
tion. The fish species used as intermediate hosts are gen-
erally small in body size, which means they readily serve 
as prey for larger top predators (Marcogliese 2002, Luque 
and Poulin 2004, Poulin and Leung 2011). The carangids 
S.  crumenophthalmus, O.  refulgens, D.  muroadsi and 
T. rhodopus had the lowest mean sizes in the present study 
(Table 2). These fish are some of the smallest species in the 
family Carangidae (Allen and Robertson 1998, Argente et 
al. 2014); therefore, these carangids are at an intermediate 
level within the trophic network.

Component communities
The component parasite communities of sympatric ca-

rangid fishes from Acapulco Bay represent communities 
assembled from a pool of locally available parasite species 
(Valtonen et al. 2001, Tavares and Luque 2008). Species 
richness at this study level (11–27  species, Table 3) was 
greater or similar than that reported for the same or other 
carangid species of the Mexican Pacific coasts (9 species  
– Martínez-Flores et al. 2023; 4–21 species – Osuna-Caba-
nillas et al. 2024).

The parasite communities with the highest species rich-
ness were registered in C.  caninus and C.  sexfasciatus 
(27 and 25 species, respectively, Table 3). In these com-
munities the number of rare species, represented by only 
one or two parasite individuals was greater (9 and 11, re-
spectively). This is certainly a  pattern observed in many 
fish parasite communities, in which parasite species asso-
ciated with a limited species number of hosts tend to occur 
in hosts with greater species richness (Strona et al. 2013, 
Bellay et al. 2015).

The structure and species composition of parasite com-
munities varied among host species. Although the species 
richness of endoparasites in component communities was 
higher in most cases, suggesting that host diet was the main 
determinant of parasite community structure, a marked 
balance between endoparasite and ectoparasite species 
richness was observed in Caranx species (C. caballus, C. 
caninus and C. sexfasciatus) (Table 3). Therefore, social 
behaviour may also be an important factor in structuring 
the parasite communities of these carangid fish. 

For example, ectoparasite populations (monogeneans 
and copepods) may be more abundant in fish species that 
form large schools (Morand and Poulin 1998, Luque et al. 
2004, Palacios-Fuentes et al. 2015), because the probabil-
ity of a transmission stage (e.g., eggs, larvae) coming into 
contact with a host increases as host density rises. The con-
tact transmission processes in these Caranx spp. may have 
been reinforced by the high host-specificity exhibited by 
some monogenean species (e.g., A. caballeroi, N. pacifica, 
and P. manteri) and copepods (Caligus alalongae Krøyer, 
1863, and Caligus robustus Bassett-Smith, 1898) which 
only parasitise these carangid species (Table 2). 

Rank-abundance curves of parasite species have been 
used to represent changes in parasite community structure 
(Norton et al. 2004, Poulin et al. 2008). The rank-abun-
dance curves constructed for each component parasite 
community suggest that the relative abundance of numer-
ically dominant species changed remarkably among host 
species (Fig. 2). For example, the degree of dominance of 
the monogeneans P. manteri, N. pacifica and Pseudoma-
zocraes monsivaisae was higher among the parasite com-
munities of C. caninus, C. sexfasciatus and D. muroadsi. 
As a consequence of this greater dominance, the parasite 
communities of these hosts had the lowest diversity values 
(1D < 9, Table 3). Although up to five monogenean species 
dominated parasite communities (Table 3), the dominance 
of one acanthocephalan species (Rhadinorhynchus sp.) in 
T. rhodopus is a pattern rarely reported in studies of marine 
parasite communities (Martínez-Flores et al. 2023, Osu-
na-Cabanillas et al. 2024).

Studies on parasite ecology indicate that phylogeneti-
cally related hosts can harbour similar parasite assemblag-
es that were acquired through evolutionary events such as 
co-speciation or host-switching (Janovy et al. 1992). There-
fore, phylogenetically close hosts, living in sympatry and 
having the potential to access the same local parasite pool, 
are expected to show high similarity in the structure and 
species composition of their parasite communities (da Silva 
et al. 2022, Osuna-Cabanillas et al. 2024). 
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However, only the component communities of Oligoplites 
altus and O. refulgens presented a high similarity (52.2%), but 
not the Caranx species (mean = 9.6%). In fact, Poulin (2010) 
pointed out that within a single fish family, the decay in simi-
larity of parasite communities between fish species is not well 
explained by phylogenetic relationships. The low global sim-
ilarity (mean = 8%) recorded between parasite communities 
can therefore be attributed to a different habitat use by the ca-
rangid species, as well as a possible influence of different host 
specificity of some parasite species such as the monogeneans 
(Locke et al. 2013, Osuna-Cabanillas et al. 2024). 

Infracommunities
Several biotic (e.g., body size, social and feeding be-

haviour, trophic level, vagility, etc.) and abiotic factors 
(depth distribution, substrate type, climatic events, etc.) are 
considered important determinants of species richness and 
diversity in parasite communities (Timi and Poulin 2003, 
Luque et al. 2004, Violante-González et al. 2019, 2020). 
The results of the PCA analysis (Table  6) indicate that 
some host traits, such as habitat type, body size and diet 
variety, were the most important factors contributing to the 
structuring of their parasite communities. 

The type and breadth of habitats used by the hosts in-
crease exposure to different groups of parasites and should 
also lead to higher colonisation rates (Luque and Pou-
lin 2004, Osuna-Cabanillas et al. 2024). Carangid fish with 
bentho-demersal habits such as E. dorsalis and T. rhodopus 
had richer and more diverse parasite infracommunities 
(Fig. 4A,C). Unlike the pelagic carangid species examined 
in this study, E. dorsalis and T. rhodopus remain close to 
the seafloor in coastal areas (Danemann  1993, Cruz-Es-
calona and Abitia-Cárdenas 2004, Goicochea et al. 2019), 
so they can acquire more parasite species from infected 
prey that inhabit benthic or demersal zones. 

Influence of host body size
Host body size has proved to be an important predictor 

of total parasite load and species richness of marine par-
asite communities (Sasal et al. 1997, Luque et al. 2004). 
Positive or negative correlations between fish total length 
and the abundance of several parasite species, as well as 
with the infracommunity parameters, showed that this host 
trait was also an important structuring factor of the parasite 
infracommunities of most carangid species (Table 5). 

In the PCA and PERMANOVA analysis, the host body 
size explained a high percentage of the variability record-
ed by the infracommunity parameters, and abundance of 
component species between host species (Tables 4, 6). Ac-
cording to the largest number of correlations recorded, our 
results suggest that carangid body size can be an excellent 
predictor of ectoparasite abundance (Table 5).

Diet of the hosts
Host diet is also an important factor in structuring intes-

tinal parasite communities in marine fish (Sasal et al. 1997, 
Luque et al. 2004, Villalba-Vasquez et al. 2018). The para-
site fauna included 74% (58 species) of intestinal species, 
confirming that the feeding habits of carangid fishes were 
an important determinant of the species richness of their 
parasite communities. Many carangid species are consid-
ered coastal pelagic predators that feed mainly on benthic 
invertebrates and small fish (Velasco-Reyes et al. 2022). 
Species of Caranx (C. caballus, C.  caninus and C.  sex-
fasciatus) and O. altus had a more specialised diet based 
mainly on small fish. In Caranx spp. the number of intesti-
nal parasite species was lower (as in C. caninus), or equal 
to that of ectoparasites (C. caballus and C.  sexfasciatus, 
Table 2). However, in fish with a more varied diet (15 prey 
items) based mainly on mollusks and benthic crustaceans 
such as T. rhodopus, the richness of intestinal species was 
higher (17 parasite species). 

In conclusion, the hypotheses tested in this study were 
supported by the results. The variety of diet and bentho-de-
mersal habits of some carangid fishes such as E. dorsalis 
and T. rhodopus may explain the greater species richness 
and diversity of their parasite infracommunities. Similar-
ity in species composition varied even between hosts of 
the same genus, suggesting that phylogenetic relatedness 
and sympatry were not important determinants of parasite 
communities in these carangid fishes. Climatic episodes 
such as El Niño and La Niña that occurred during the study 
period possibly generated notable changes in the structure 
of local food webs, causing irregular variations in the diet 
of the hosts, and thus, indirectly influencing the transmis-
sion rates of intestinal parasites, due to the reduction or 
population increase of potential intermediate, paratenic or 
definitive hosts.
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