
Morphological aspects and histological effects of the
attachment organ of Parabrachiella sp. (Copepoda:
Lernaeopodidae) on the grey mullet, Mugil liza
Valenciennes

S E Plaul1, M M Montes2, C G Barbeito1 and S R Martorelli2

1 Facultad de Ciencias Veterinarias, C�atedra de Histolog�ıa y Embriolog�ıa, UNLP. La Plata, Bs. As., Argentina

2 CEPAVE (Centro de Estudios Parasitol�ogicos y de Vectores), UNLP. La Plata, Bs. As., Argentina

Abstract

The genus Parabrachiella Wilson, 1915 (Lernaeo-
podidae) is represented by copepods that are
highly adapted to a parasitic way of life. In Argen-
tina, only P. insidiosa var. lageniformis Heller,
1865, P. chevreuxii Van Beneden, 1891 and
P. spinicephala Ringuelet, 1945 have been cited,
but none of these have been reported on mugilids.
Recently, other species of this genus were found
attached to the nasal cavities of juvenile grey mul-
lets, Mugil liza Valenciennes, from Samboromb�on
bay, Buenos Aires province. In this study, the
prevalence and mean intensity of the Parabrachiel-
la sp. on grey mullet is investigated. In addition,
the damage the parasite imposes on its hosts is
examined through evaluation of histological sec-
tions and immunostaining for proliferative cell
nuclear antigen (PCNA). The morphology of the
parasite’s bulla is described from light and scan-
ning electron micrographs.

Keywords: bulla, Mugil liza, nasal cavity, Parabra-
chiella sp., proliferative cell nuclear antigen
(PCNA).

Introduction

Copepods of the family Lernaeopodidae are a suc-
cessful group of parasites that are found mainly
on marine fish (Benkirane, Coste & Raibaut

1999; €Oktener & Trilles 2009) but have also been
reported from certain freshwater species (Kabata
1992; Piasecki, Mlynarczyk & Hayward 2010).
Only the adult females are parasitic (Sch€aperclaus
1991) and can be easily recognised by their mor-
phology and mode of attachment. This involves
the second maxillae which are modified and fused
to a mushroom-shaped-anchoring structure known
as the bulla (Benkirane et al. 1999; Piasecki et al.
2004). The morphology of the bulla shows great
variability within the lernopodids. It is produced
by the frontal gland of the cephalothorax during
the larval stage and, once inserted into the tissue
of the host, it fuses with the second maxillae and
becomes a permanent attachment organ which
allows the lernaeopodid to obtain its food (Kabata
1992; Castro & Gonz�alez 2005; Piasecki, Sezkow-
ska-Jakubowska & Sobecka 2006).
The genus Parabrachiella Wilson, 1915 includes

67 species (Piasecki et al. 2010). In Argentina,
only three members of the genus Parabrachiella
have been recorded as parasites of marine and
brackish water species; Neobrachiella chevreuxii
Van Beneden, 1891 (= P. chevreuxii) in Micropo-
gonias furnieri, Scianidae (see Sardella, Etchegoin
& Martorelli 1995; Alarcos & Etchegoin 2010),
N. insidiosa var. lageniformis Heller, 1865
(= P. insidiosa var. lageniformis) in Merluccius
hubbsi, Merlucidae (see Sardella & Timi, 1996)
and N. spinicephala Ringuelet, 1945 (= P. spini-
cephala) in Pinguipes brasilianus, Pinguipidae (see
Etchegoin, Timi & Lanfranchi 2006).
At present, there are few reports of histopathol-

ogy associated with Parabrachiella attachment and
feeding, and the aim of this study was to analyse
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the pathogenicity of these parasites and the mor-
phological characteristics of the attachment organ.
To investigate possible parasite induced damage to
the host, histological sections through tissues at
the site of parasite attachment were taken and
immunohistochemistry was performed to evaluate
proliferative cells. The study looks at the number
of proliferating cells seen in the immediate vicinity
of a parasite attaching and compares them with
the number observed away from the point of
parasite attachment and in uninfected co-specifics
(Dezfuli et al. 2012). Furthermore, morphological
characteristics of the bulla were observed under
light microscopy and scanning electron micro-
scopy (SEM).

Materials and methods

A total of one hundred and sixty-one juvenile spec-
imens of juvenile grey mullet, Mugil liza Valenci-
ennes (Mugilidae), were captured from two areas

in the Samboromb�on Bay, Buenos Aires province,
Argentina during 2009. Of these, sixty-five speci-
mens were collected in the Salado river (35º50′S,
57º25′W) and ninety-six specimens in the Aj�o river
(36º 20′S, 56º 54′W) (Fig. 1). Limnological param-
eters such as water temperature, salinity, dissolved
oxygen and pH were taken (Fig. 2).
In both cases, fish were collected using a modi-

fied Garlito/Bituron fixed net (Colautti 1998) and a
haul net (10 m length with 5 mm stretched mesh
in the wings and 2.5 mm stretched mesh in the
cod ends). Fish were weighed, and the total length
of each fish was recorded. Nasal, oral-branchial cavi-
ties and the external body surface of each mullet
were examined for parasitic copepods. Parasites
were counted, dissected from the host tissue with
needles, fixed in a 3% glutaraldehyde in 0.1 M
cacodylate buffer (pH 7.0) for 4 h at 4 °C, post-
fixed for 1 h in 1% osmium tetroxide in 0.1 M
cacodylate buffer and then dehydrated in a graded
series of ethanol. Thereafter, specimens for the

Figure 1 Position of the Salado and Aj�o

rivers within Samboromb�on Bay, Buenos

Aires province.
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SEM study were critical point-dried and sputter-
coated with gold. Specimens were viewed and
photographed using Philips SEM 505 and Soft
Imaging System ADDA II (SIS) software. Taxo-
nomic identification of the collected specimens to
the generic level was made using the keys of Ka-
bata (1979) and Piasecki et al. (2010).
Additional infected specimens of grey mullet

were fixed in 10% buffered formalin, and repre-
sentative material was selected and processed for
histological examination. Copepods collected from
the nasal cavity were prepared for wax embedding
and histology following standard methods. Histo-
logical sections were stained with haematoxylin
and eosin and PAS technique. Cell proliferation
within the sections was evaluated by immunohis-
tochemistry using a monoclonal PCNA antibody
(19F4, Boehringer) following the procedure of
Ortego et al. (1994). Afterwards, the sections were
counter-stained with haematoxylin.
The prevalence and intensity of infection (Mar-

golis et al. 1981) were calculated for each parasite
species in relation to the number of fish infected

*100/total number of fish and the total number of

parasites/total number of infected fish, respectively
(Table 1).

Results

A total of 228 adult females of the family Lernaeo-
podidae were found attached to the nasal cavity
wall of the grey mullet, M. liza. According to the
morphology of the second maxilla and the pres-
ence of posterior processes, these specimens were
assigned to the genus Parabrachiella. Similarities
between species make it extremely difficult to dis-
tinguish one species from another, but a high-reso-
lution analysis of the posterior margin of the trunk
revealed significant differences in the anal region.
All parasitized fish were found in March, preva-

lence and intensity in both rivers are shown in
Table 1. The limnological parameters (Fig. 2)
indicated that during the summer, both rivers
have high temperature and low salinity levels.
Unlike the Salado river, the Aj�o river has a low
concentration of dissolved oxygen and a slightly
acidic pH, which may explain the higher observed
prevalence of the parasite (49%).

Figure 2 Environmental parameters of water in the Salado and Aj�o rivers during 2009.

Table 1 Prevalence and intensity of Parabrachiella sp. from Mugil liza

Number of mullet examined Size range, cm Weight, g Prevalence Intensity

Salado river 65 2.13–19.17 0.22–67.53 1.53% 6.00

Aj�o river 96 3.64–23.40 1.05–398.61 49.00% 2.31
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Pathology

Pathogenicity of the parasite was low; the infected
fish showed no macroscopic signs of damage at the
attachment sites, where no haemorrhage was
observed. Evaluation of histological sections by
light microscopy showed that alterations in the tis-
sue were consistent with a chronic process. Histo-
logical examination revealed local hyperplasia due
to irritation caused by the parasite in the attach-
ment site. The bulla of the parasite crosses the
epidermis and fixes to the surface of the dermis.
Opposed to this site, where the parasite is sup-
ported, atrophy in the epithelium of the nasal
cavity wall was observed (Fig. 3). Near the point of
attachment, cellular infiltration of lymphocytes,
eosinophilic granule cells and rodlet cells were
detected as part of the host’s inflammatory response
(Fig. 4). Although mucous cells were present in the
epidermis, their number and size were not affected.
The immunohistochemical technique showed that
there were numerous PCNA-positive nuclei in both
the basal/germinal and middle stratum of the
epidermis as compared to the levels seen in unin-
fected (control) hosts (Fig. 5).

Structure of the parasite’s attachment organ

SEM microphotographs show that the elongated
second maxillae remain separate except for the dis-
tal end where they fuse forming a ring around the

bulla, in which marks of the maxillary suture can
be seen (Fig. 6). Light microscopy showed that
the bulla, the attachment organ, penetrates the
nasal cavity tissue where it is deeply embedded
(Fig. 7a). This organ is composed mainly of two
parts, a manubrium and an anchor. The manu-
brium, long and cylindrical, is connected posteri-
orly to the tips of the second maxillae and,
anteriorly, it is expanded forming the anchor
which has the shape of a thin cup excavated in
the centre and flattened along its whole surface
(Fig. 7b). The matrix of the bulla, in longitudinal
section, showed the presence of canals crossing the
manubrium that opens at the anchor in several
pores displayed in a regular circle (Fig. 7 inset).
The presence of fibres that stain intensely with
eosin and PAS was also detected.

Discussion

In mugilids, only two species of Parabrachiella
have been reported: P. mugilis Kabata, Raibaut &
Ben Hassine, 1971 from Liza aurata and L. saliens
(see Kabata, Raibaut & Ben Hassine 1971; Benki-
rane et al. 1999) in the Palearctic region and
N. exilis Shiino, 1956 (= P. exilis) from M. pla-
tanus (= M. liza) (see Knoff, Luque & Takemoto
1994; Knoff, Luque & Amato 1997) and
M. cephalus (Castro Romero & Baeza Kuroki
1986) from Brazil and Chile, respectively, in the
Neotropical region. Parabrachiella sp. from the
grey mullet is the first species of the genus
reported parasitizing the nasal cavities. This
microhabitat is remarkable because P. mugilis and
P. exilis were reported parasitizing the gills and
fins. Members of the genus have, however, been
recorded as parasites of the branchial and oral
cavities in some marine fish such as Paralichthys
californicus (see Piasecki 1993), M. furnieri (see
Sardella et al. 1995; Alarcos & Etchegoin 2010),
and Trigla lucerna (see Benkirane et al. 1999).The
implications of this parasitosis for farmed, orna-
mental and wild fish in Argentina are unknown.
The morphology of the bulla varies markedly

within lernaeopodids, but this morphology is
quite stable among the species of a genus. Kabata
& Cousens (1972) concluded that the morphol-
ogy is linked with the type of host and distin-
guished three types of bullae which correspond to
three types of hosts: freshwater teleosts, marine
teleosts and Elasmobranchii. The bulla of Parabr-
achiella sp. is included within type II found in

Figure 3 Position of Parabrachiella sp. within the nasal cavity

of its host Mugil liza. Areas of hyperplasia (black arrow) are

evident close to the point of parasite attachment (AS). The area

where the parasite is attached shows signs of atrophy in the

epithelium (white arrows). AS, attachment site; OE, olfactory

epithelium; ON, olfactory nerve; OS, olfactory sac; P, parasite.
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marine fish. These bullae are consistent with spe-
cies attached to the tegument and are character-
ized by large-diameter cups flattened on the host
tissues (Benkirane et al. 1999).
The pathogenicity of the parasite is low, but

lesions that are consistent with a chronic process
can be seen. This group is characterized by their
relatively large size, and their attachment mecha-
nism, however, its species seem to inflict less da-
mage than other parasitic copepods like Lernaea or
Ergasilus. Disturbances in the environment, as well
as differentiation and degeneration, are the main
factors affecting the cellular components of the epi-
dermis (Kang et al. 1998; Nolan et al. 2000). The

skin is the first barrier of protection of the body
against pathogens; however, few studies have been
performed in this organ associated with cell prolif-
eration. The light-microscopical lesions described
in the current study resulted in local hyperplasia
due to irritation caused by the parasite in the
attachment site. Coinciding with these results, the
immunohistochemical technique marking PCNA
was intense mainly in the middle stratum of the
mullet’s nasal cavity epithelium. Changes in the
expression of PCNA can provide an early indica-
tion of deviations to normal functioning. Dezfuli
et al. (2012) have observed that the number of
PCNA-positive cells in regions close to the point

(a) (b)

Figure 4 Cellular infiltration found in the epithelium as part of the inflammatory response of the host. (a) Rodlet cells (black

arrow). (b) Eosinophilic granule cells (white arrows). In both images, an infiltration of lymphocytes can be seen. OE, olfactory epi-

thelium; OS, olfactory sac; P, parasite.

(a) (b)

Figure 5 Immunohistochemical characterization of PCNA labelled nuclei in the nasal cavity of Mugil liza. (a) In the control group,

proliferating nuclei (PCNA-positive) can be seen in a few cells in the basal area of the olfactory sac epithelium (arrows). Inset: detail

of epithelium at higher magnification. (b) In the treated group, PCNA-positive cells can be seen in both the basal and middle stra-

tum of the epidermis (arrows). Inset: detail of epithelium at higher magnification. OS, olfactory sac; P, parasite.
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of parasite attachment was significantly higher than
the number observed in uninfected individuals.
The present work as well as the previous study
mentioned demonstrated that increased cell prolif-
eration is a general reaction produced by parasite
attachment. The general condition of the fish sam-
pled in this study was not evaluated but because
other lernaeopodids have been documented to
reduce the egg production of hatchery rainbow
trout (Gall, McClendon & Schafer 1972), it is
desirable to assess the impact of this parasite on the
growth, maturation, and physiology of the host
(Nagasawa & Urawa 2002).

The final effects depend, however, on more
than one factor and are influenced by the intensity
of infection, the site affected and often by envi-
ronmental parameters such as temperature, oxygen
and salinity level (Kabata 1992). According to
Johnson et al. (2004), temperature is the most
important environmental factor controlling the
developmental time of parasitic copepods and the
rate at which their population size increases in the
absence of treatments. We observed that these
three factors together with the pH are related to
prevalence of the parasite. In the case of the Ajo
river, low concentrations of dissolved oxygen
together with high temperatures and low salinity
seem to make fish more prone to parasitic infec-
tions. The prevalence and intensity of infection in
the current study significantly declined in late
autumn, which coincides with the decreasing
water temperature and the observations made in
other similar studies (Plaul, Garc�ıa Romero &
Barbeito 2010).
The present study is the first report of the

effects of the Parabrachiella sp. penetration in the
catadromous fish M. liza. The results may con-
tribute to the implementation of appropriate treat-
ments for different types of physiological changes
and the development of preventive techniques in
fish farming. This is very important due to the
development of aquaculture in many South Amer-
ican countries (Poquet 1979).
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