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ABSTRACT

This study investigated the parasitism of three species of fish species, Pagellus bogaraveo, (family Sparidae),
Sardina pilchardus (family Clupeidae) and Umbrina canariensis (family Sciaenidae), collected from the At-
lantic coast of Morocco. A total of 5419 fish specimens were examined. Among them, 3600 fish individuals
of Sardina pilchardus, 920 of Umbrina canariensis and 899 of Pagellus bogaraveo, were found to carry 328
isopod parasites of the species Anilocra physodes (family Cymothoidae). Most of these ectoparasitic iso-
pods were primarily located on the body surface or within the gill chambers of their hosts. Parasitism was
quantified using various parasitological indices (prevalence, intensity which is the mean number of parasites
per infected host and abundance) calculated for each fish species. The results showed that infestation rates
by A. physodes were relatively low and did not exceed prevalence of 11.11%. The mean infestation intensity
is ranged between 1 and 2 parasites per infected fish, while, abundance values remain below 0.14 parasites
per examined fish across all host species. These findings indicate that infestation levels are strongly associ-
ated with the host species. Overall, this study provides valuable insights into the effects of this ectoparasite
crustacea on fish health, emphasizing the need for fisheries management strategies and marine conservation
in the region.
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Introduction
Morocco benefits from having two mari-
time coastlines of approximately 3500km,
including more than 500km along the Mediterra-
nean and nearly 3,000km along the Atlantic Ocean.
Cymothoid isopods belong to a group of highly
host-specific parasites known to infect wide range of
fish species worldwide, mainly in marine waters but
also in freshwater [1,2]. There are 43 established [2].
Members are hematophagous protandrous hermaph-
rodites [3], their life cycle involves only one host (ho-
loxenic cycle) [4]. These parasites can attach external-
ly to the body surface, envelop in a pouch, or burrow
inside the flesh, buccal cavity, or gill chamber [5,6].
They parasitize numerous species across various fish
families, leading to substantial economic losses to
fisheries and aquaculture industry [7]. These isopods
cause various levels of damage to their hosts, ranging
from minor tissue damage at the binding site to dif-
ferential mortality [8]. Like most isopods, cymothoids
are considered to feed principally on host blood, but
they may also consume subcutaneous tissues, mucus,
and epithelial tissues [4]. Infested fish often display
symptoms such as slow growth rates, tissue damage,
anemia and ultimately death [7]. Secondary bacteri-
al or fungal inflammation and contamination have
often been found around wounds, inspired by these
ectoparasites, and may further facilitate the infection
of other pathogenic microorganisms [9,10]. In some
field studies, isopod-infested fish have been found to
suffer from decreased condition index and growth
[11,12], altered reproductive capacity and shortened
lifespan [12]. However, cymothoid infestation cannot
be generalized and standardized treatments cannot be
performed for all fish, due to the biological variabil-
ity of the host and parasites including differences in
size, age, life stage, sex and behavior [1,13]. Generally,
studies carried out in the field of parasitology are al-
ways based on parasitological indices. These indices
give us a clear idea about the state of infestation in
the studied populations and even provide information
on the degree of parasite-host affinity (high infesta-
tion rates would explain the affinity of a parasite to
its host).

Little information is known about the fish infes-
tation status by Anilocra physodes, their distribution,
host specificity, and ecological impacts along the At-
lantic coast of Morocco. This region supports diverse
fisheries critical to local economies, yet no compre-
hensive studies have assessed how A. physodes infes-
tations affect commercially important fish species.

In this study, the main objectives were, to study
the infestation rate, and characterize the prevalence
and parasitism intensity of Anilocra physodes (Cy-
mothoidae; Isopoda) on fish species hosted on the
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coasts of Morocco. This research will provide valuable
insights into the prevalence and intensity A. physodes
in Moroccan waters and contribute to the develop-
ment of sustainable management strategies to miti-
gate parasite impacts on fish populations.

Although Anilocra physodes is a common and
widely distributed species, many aspects of its ecol-
ogy and biology, such as its impact on specific host
traits, environmental conditions on the parasite dy-
namics and diversity of this ectoparasite have rarely
been studied.

Result

Examination of the gills and external surfaces
of the collected fish revealed a total of 328 parasites
belonging to the family Cymothoidae, identified as
Anilocra physodes (Figure 1). Among these, 38 indi-
viduals were found on Umbrina canariensis, 44 indi-
viduals on Pagellus bogaraveo and a high number, 246
individuals, on Sardina pilchardus. The evaluation of
parasitological indices revealed that infestation rates
by Anilocra physodes were generally low, with a max-
imum prevalence of 11.11% (Figure 2). The mean
intensity of infestation was also very low, ranged be-
tween 1 and 2 parasites per infested fish, while the
abundance values remained below 0.14 parasites per
examined fish across all the host species.

1. Enumeration of collected parasites

The results revealed that the highest number of
parasites was recorded in Sardina pilchardus during
November on the South Atlantic coast, with 21 par-
asites collected. Conversely, the lowest number (3 in-
dividuals) was recorded during March on the North
Atlantic coast. For Umbrina canariensis infestations
were observed in January, June and July on the North
Atlantic coast, with three ectoparasites collected
during each of these months. In the case of Pagellus
bogaraveo, infestations occurred in October on the
South Atlantic coast, with six ectoparasites collected.
Overall, the number of parasites collected from Sardi-
na pilchardus was higher on the North Atlantic coast
compared to the South Atlantic coast. The opposite
trend was observed for Pagellus bogaraveo, which ex-
hibited higher infestation levels on the South Atlantic
coast compared to the North Atlantic coast. For Um-
brina canariensis, infestation levels were similar be-
tween the two study areas.

2. Distribution of parasitological indices

2.1. By host species
The host-parasite relationship constitutes a bio-
logical entity that is expressed by parasite specificity
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Figure 2.

Prevalence of parasite effects on fish species. The samples were
carried out for 12 months: the data were recorded for a total of 3
samples per species per location, repeated 3 times. The boxplot
represents averages and error lines of one standard deviation ***
indicates the significant differences at p < 0.01 based on the SNK
test.
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Figure 1.

Anilocra physodes (Linnaeus, 1758)
were collected in this study. (a) Fe-
male. (b) Male. (c) Immature stage
3. (d) Gravid female, lateral view. (e)
Male, lateral view. (f) Immature stage
3, lateral view. (g) Non-gravid female,
lateral view

[14]. According to Lumbery [15], specificity refers to
the number of host species a parasite can infect and
serves as a measure of the strength of the relationship
between a parasite and its host. Data analysis revealed
that infestation rates were globally low, with preva-
lence values not exceeding 11.11%. The highest preva-
lence was observed in Sardina pilchardus and Pagellus
bogaraveo (p = 11.11%) followed by Umbrina canar-
iensis (p = 8.33%) (Figure 2). In terms of parasitic load,
Sardina pilchardus exhibited the highest mean infes-
tation intensity. On the other hand, the abundance
values do not exceed 0.14 parasites/fish examined in
Sardina pilchardus and remain below 0.13 parasites/
fish examined in the other species.

2.2. According to geographical distribution

On the southern Atlantic coast, Sardina pilchar-
dus and Pagellus bogaraveo exhibited the highest
infestation rates by Anilocra Physodes (p = 11.11%)
during November, January and August, respectively.
In contrast, Umbrina canariensis, showed its highest
prevalence values on the Southern Atlantic coast as
well (p = 9.09%) during July. Regarding mean inten-
sity, results indicated that parasite load values (rang-
ing from 1 to 2 parasites per infested fish), and abun-
dance were very low and slightly higher the northern
Atlantic coast compare to the southern Atlantic coast
during the study period.
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Discussion

The present study aimed to identify the parasit-
ism intensity of Anilocra Physodes affecting three
species of fish species, Pagellus bogaraveo, (family
Sparidae), Sardina pilchardus (family Clupeidae)
and Umbrina canariensis (family Sciaenidae)
through the infestation rate, the prevalence and
the mean infestation intensity.

This study highlights significant variations in the
infestation rates across different host fish species,
with Sardina pilchardus supporting the highest
infestation, followed by Pagellus bogaraveo and
Umbrina canariensis.

In general, isopods parasitize a wide range of fish
species worldwide, causing significant economic
losses [16]. The species Anilocra physodes has
been reported in the Atlantic Ocean, Mediter-
ranean Sea, Black Sea and Adriatic Sea [17-22].
This euryxene parasite has a wide host range. In
Tunisia, infestations are predominantly recorded
in the Sparidae family (D. annularis, S. cantharus,
Dentex vulgaris, Pagrus auriga, B. boops) and in
the Pomatomidae (Pomatomus saltator) [23,24].
In France, it has also been observed mainly on
Sparidae and the Maenidae [19].

Infestations by cymothoid isopods such as An-
ilocra physodes can have significant biological
and ecological consequences for host fish, af-
fecting growth, reproduction, and overall health.
As an ectoparasite, A. physodes attaches to the
body surface of fish, often on the head or flank,
and feeds on blood and tissue fluids, leading to
chronic stress and energy depletion in the host
[4]. Sasal et al., [25], reported that Acanthocepha-

Table 1.
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loides propinquus, a parasite of Marine fish, have
negatively effects on females reproduction level
by reducing the gonadosomatic index and egg
production. Similarly, Fogelman [26] suggest that
Anilocra apogonae negatively affects host growth
and reproduction. Ecologically, such impacts on
individual fish can translate into population-level
consequences, especially in heavily infested pop-
ulations, potentially altering community struc-
ture and predator-prey dynamics. Therefore, A.
physodes infestations represent not only a para-
sitic burden to individual fish but also a potential
threat to the health and sustainability of fish pop-
ulations in natural ecosystems.

Our study suggest a relatively high degree of host
specificity for A. physodes along the Moroccan
Atlantic coast. The parasite was recorded on
three fish species belonging to different families:
Pagellus bogaraveo (Sparidae), Sardina pilchar-
dus (Clupeidae), and Umbrina canariensis (Sci-
aenidae). Brusca [27] noted that some species of
Cymothoidae prefer a host based on their ecolog-
ical characteristics than on taxonomic identity.

In the present study, Sardina pilchardus hosted
the largest number of parasite (N = 246), while
Pagellus bogaraveo harbored only 44 parasite and
Umbrina canariensis harbored only 38. Accord-
ing to Zender and Kesting [28], the eutrophic
state of an environment can increases the para-
site infestation level. However, the prevalence of
infested fish can vary over time and space [1]. In
our study, we found high parasitization of Ani-
locra physodes on Sardina pilchardus, followed
by Pagellus bogaraveo, and Umbrina canariensis
respectively (Figure 2). The statistically analy-

Impact of ectoparasite Anilocra physodes on host species shown by one-way ANOVA test. Signif-
icant values are highlighted in bold: P < 0.05; **p < 0.01; ***p < 0.001.

Sum of

Average of F

squares squares Signiﬁcation
Inter- groups 228,043 45,609 4,432 001
Prevalence Intra-groups 2160,979 10,290
Total 2389,022
Inter- groups 037 ,007 5,456 ,000*
Intensity Intra-groups ,286 ,001
Total ,323
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sis revealed that the prevalence of Table 2.

parasite species was significantly
greater within the intergroups (F =
4.432 and p = 0.001), and the in-
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Results of the multivariate approach linear model test comparing the preva-
lence and intensity of Anilocra physodes in the three fish species according to
factor month, species and locality. Significant values are highlighted in bold, p
<0.05;**p < 0.01;**p < 0.001.

Dependent

tensity also differed significantly Source of variation variable F value P value
(F = 5.456 and p = 0.0001, Table o16 1
. P 1 > >
1). In Morocco, Dollfus and Trilles Month revarence
} Intensity 1,301 230
[29], provided some figures on the oreval 1598 00
. . . . revalence > >
intensity of Cymothoidae and re- Species Intensity 14254 000+
ported values that varied between proval 017 828
. . . revalence > >
1 and 2 parasites per fish, with- Locality Intensity 045 833
out specifying the number of fish Prevalonce 017 574
specimens examined. The results Month * Species Intensity 1153 300
obtained from.our parasite lo.ad T Prevalence 1,101 365
assessment are in accordance with onth - Localty Intensity 1,348 204
those of Dollfus and Trilles [35], it Lol Prevalence 047 954
which who reported that the in- P ¥ Intensity 551 577
tensity of infestation is very low, Month * Soecios  Locali Prevalence 1,267 204
ranged between 1 and 2 parasites P 7 Intensity 1,354 147

per infested fish. According to
Ternengo et al. [30], emphasized

that each fish species harbors a characteristic
parasitic fauna and unique infestation dynamics.
Isopod dispersion and abundance are influenced
by many environmental factors such as salinity,
predators, water temperature, light intensity, and
food availability [31]. In our study, the three host
species sampled presented abundance values of
less than 0.14 parasites per fish examined. The
study of parasitism according to the geographi-
cal distribution of the fishes examined confirmed
that: in Sardina pilchardus the highest rate of
infestation was recorded on the North coast. In
contrast it is more important in the South Atlan-
tic in the host species Pagellus bogaraveo. In the
host Umbrina canariensis there was an equality
between the two study areas. This may be relat-
ed to and due to anthropogenic pressure, which
can affect the immune system of fish hosts and
host-parasite interactions. Zharikova [32], re-
ported that environmental pollution, the in-
festation of fish by parasites decreases and that
the emergence of dominant species may reflect
adaptive response of the parasite. Results from
the multivariate linear model test (Table 2), con-
firmed that infestation levels of ectoparasite An-
ilocra physodes were strongly influenced by host
species (p < 0.0001). Comparatively, there was

Anilocra physodes Infestation and Fish Health

no significant association between time and lo-
cality (p = 0.121 and I = 0.230) and (p = 0.828
and I = 0.833) respectively. Interaction between
time-species locality were also not significant
(Table 2). The causes of these variations may be
due, to the influence of multiple factors related
to biogeography, the environment, ethology, the
immune system, the presence of other parasites,
genetics, and the age of the host [33]. The results
of the distribution of parasite indices of Anilocra
physodes across host species show an inequality
in the face of parasitism toward the latter; they
vary from one host to another and from one ma-
rine area to another along the Moroccan coasts.

Materials and Methods
Study site

The present study was conducted in 2022 along the Atlantic
coast of Morocco. The study area is subdivided into two zones,
as follows: zone 1, the Moroccan North Atlantic coast from Tan-
ger to North West to Essaouira, and zone 2: from Agadir to South
West to Dakhla corresponds to the Moroccan South Atlantic coast
(Figure 3).

Fish collection

A total of 5419 marine fish specimens belonging to three fish
species infested by Anilocra physodes (Linnaeus, 1758) (Figure 1)
were examined. The species composition included Sardina pil-
chardus (3600 individuals), Umbrina canariensis (920 individu-
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Figure 3.
Map showing the sampling areas. The study area is
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als) and Pagellus bogaraveo (899 individuals). Fish samples were
obtained with the aid of fishers from commercial catches and indi-
vidual fishermen from January 2022 to December 2022. This one-
year sampling period allowed for the evaluation of any seasonal
variations in infestation prevalence. Sampling sites were selected
based on the previous frequent records indicating isopod infesta-
tions reported in these areas. Samplings were performed twice a
month with three replicate samples per site, in order to enhance
temporal resolution and statistical reliability. The prevalence
(number of infested hosts/total number of examined hosts x100),
mean intensity (total number of parasites collected/total number
of infested hosts), and abundance (total number of parasites col-
lected/ total number of examined hosts) of the ectoparasite during
the entire study period (12 months), were calculated according to
Margolis et al. [34] and Bush et al. [35]. These parameters define
the level of parasitic infestation.

Treatment and identification of parasites

After collection, isopod parasites were detached from the their
host fish and immediately fixed in 70% ethanol. The sampling lo-
cality, date and host fish were noted. In the laboratory, specimens
were identified, using stereoscopic microscopes in collaboration
with specialists and reference materials. Species identification
followed standard taxonomic keys and descriptions from previ-
ous works [19,36-38]. Host nomenclature and fish taxonomy are
performed according to the guide of identification of the marine
resources of Morocco [39], and the FishBase database [40-42]. All
laboratory analyses were conducted at the Laboratory of Agricul-
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tural Production Improvement, Biotechnology and Environment,
Faculty of Sciences, Mohammed First University.

Statistical analyses

All raw data obtained from field and laboratory examinations
were entered into Microsoft Excel. The analyses were performed
in triplicate with the corresponding standard deviations of our
results for each month (for each parameter: 3 determinations x
3 samples = 9). One-way ANOVA and Tukey’s test revealed sig-
nificant differences between the sources of variation. Significant
differences between the 12-month infestation results were deter-
mined via the t-student test. The threshold for a significant differ-
ence was set at 5% threshold (p < 0.05). All statistical analyses were
analyzed using IBM SPSS Statistics (version 21 software program).

Conclusions

This study highlights the significant impact of the
parasitic isopod Anilocra physodes on fish host from
the Atlantic coast, Morocco. The results demonstrate
that the prevalence and intensity of infestation vary
notably among host species and geographic localities.
Infestation levels were found to be associated with
host fish species studied, suggesting that probably in-
trinsic characteristics of each host species play a ma-
jor role in determining susceptibility to parasitism.

Anilocra physodes Infestation and Fish Health
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Among the examined species, Sardina pilchardus ex-
hibited the highest infestation rate by A. physodes fol-
lowed by Pagellus bogaraveo and Umbrina canarien-
sis. However, overall infestation rates were relatively
low, with prevalence not exceeding 11.11%. The mean
intensity of infestation, show a very low average infes-
tation intensity, ranging between 1 and 2 parasites per
infested fish, while, abundance values remain below
0.14 parasites per examined fish across all host species.
The data obtained in this study contribute valuable in-
sight into the parasitic infections dynamics of Anilo-
cra physodes on the Moroccan coast in particular and
worldwide in general.

These findings stress the need for further studies
on defense mechanisms in host species, environmen-
tal influences on parasitism and better understand the
ecology and biology of this ectoparasite to improve
fisheries management strategies and marine conser-
vation.
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