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parasitic crustacean from the gills of Dicentrarchus labrax, was abundant at higher spring
and summer temperatures. Accordingly, the opportunity was taken to throw light on some
morphological adaptations with the aid of scanning electron microscopy to clarify the
possible functions of these structures.

several kinds of tegumental structures were identified on the body surface, among
which the tubular and filamentous forms were the most dominant. These tegumental
components seem likely to provide the parasitic copepod with an increase of the surface
area for better integumental respiration. SEM observations also revealed the existence of
longer and more diverse tegumental components, which are probably involved in sensory
functions of the tegument. Moreover, uniciliated sensory formations were recognized

regularly across the whole tegumental surface, except on the antennae and maxillipeds.

Integument,

Ultrastructure.

These sense organs show marked variability in distribution and morphology.

1. Introduction -

Copepods are one of the most successful groups
of the animal kingdom on the Earth (Boxshall and
Defaye, 2007; Rameshkumar and Ravichandran,
2012). Their high densities in oceans make copepods
one of the most abundant metazoan groups. Parasitic
copepods are common fish ectoparasites and exhibit
worldwide distribution in both natural habitats and
pisciculture systems. These potential pathogens feed on
host tissues, mucous and blood (Johnson et al., 2004).
Their mode of attachment and feeding behaviour are
responsible for many primary diseases and secondary
infections. The possible roles that parasitic copepods
play as vectors for other disease agents. Death may be
caused by the development of secondary infections
intensified by stress and creation of open wounds,
osmoregulatory failure, and in the case of the gills,
respiratory impairment (Bowers et al., 2000; Kua et al.,
2012; Hirose and Uyeno, 2014).
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Abu Samak (2005) demonstrated the mode of
attachment of the copepod Lernanthropus kroyeri to the
gills of the sea bass fish, Dicentrachus labrax and
reported on the histopathological impacts of this
ectoparasite on the gill microhabitats. The most relevant
histopathological signs were cell atrophy, fibrosis,
deformity of the gill cartilage, hemorrhage, hyperplasia
and excessive mucous production (Abu Samak, 2005).

Among the major fish ectoparasites, copepods
are, most of the time, attached to the gills (Boungou et
al, 2013). There are main groups of parasitic
crustaceans  affecting ~ commercially  important
aquaculture species, most of which are external
parasites are the branchiura, copepod and isopod
(Heckmann, 2003). Egypt is topographically situated
along side great areas of fresh and marine water. Egypt
is one of the coastal countries that must take benefit
from fish proteins (Abou Zaid et al., 2018). As in many
parts of the world, aquaculture production in the
Mediterranean has been expanding rapidly over recent
years. Parasitic copepods infect fundamentally different
taxa of aquatic animals and show an amazing diversity
in body form and life cycle strategies (Boxshall and
Halsey, 2004). Gill parasitic are common on cultured
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and wild fish. Many of these species have long been
recognized to have the potential to affect the growth,
fecundity and survival of hosts (Johnson et al., 1996).

Due to their bizarre ability to adapt to more
diversified hosts in aquatic ecosystem ranging, from
sponges to vertebrates, copepods occupy an advanced
rank among parasites, from simple shape, such as
sponges to more complex forms, such as vertebrates
(Boungou et al., 2013). As fish gills are specialized
tissues for gas exchange, circulation, ion and acid-base
balance, hormone production, and nitrogenous waste
secretion (Pelster and Bagatto, 2010). Gill parasites
attach to the gills of fish and feed on their host’s blood
and tissue (Ojha and Hughes, 2001). Research into the
influence of parasites in aquatic environments has been
limited to a few well-studied ecosystems (Lafferty et
al., 2008). The success of the sea-cage farming is
essentially correlated with the possibility to reduce
production cost; however, the difficulty of managing
disease within sea-cages is regarded as a major
drawback (Ernst et al, 2002). Fishes reared in
aquaculture mostly acquire ectoparasites associated with
several cases of deaths in culture systems (Mladineo
2007). In recent years, crustacean parasitic diseases are
becoming more frequent in the aquacultures and
considered the more parasitic problem on cultured
marine fish (Tansel and Fatih, 2012).

Dicentrarchus labrax now constitutes the most
superior commercially fish species in the Mediterranean
arca (Antonelli et al., 2009). The European sea bass
Dicentrarchus labrax is one of the main cultured fish
species in the Mediterranean area. It represents an
important financial source in the Mediterranean,
especially in Corsica (Antonelli, 2010). Discase
outbreaks and mortalities caused by L. kroyeri are
frequently observed in sea bass culture and economic
losses occur as the result of reduced feed conversion,
growth reduction, mortality, loss of product value and
treatment costs (Manera and Dezfuli, 2003). Previous
studies have already highlighted the presence of this
parasite species, but they have focused primarily on
their general morphology and pathologies (Toksen et
al., 2006; Fahmy, 2014). The relation between the
structure of appendages and their possible functions has
been studied on the copepod parasite, with
Lernanthropus kroyeri (Khidr et al., 2014). The
tegument is an important interface for interactions
between host and parasite (Antonelli, 2010). Therefore
the current study was carried out in order to describe the
body surface of Lernanthropus kroyeri parasite using
scanning electron microscope examination on some
unreported superficial structures attached with the
tegument, specially, sensory structures and adherent
organs. This contribution of the study of pathogenic
parasitic copepod Lernanthropus kroyeri provides

additional information to the tegument and the fine
structures that found on its appendages.

Materials and Methods

Ultrastructural studies were achieved on the gills
of cultured sea bass Dicentrarchus labrax from the
Damietta province that is naturally infested with
Lernanthropus kroyeri van Beneden and Hesse 1851.
Twenty specimens of the sea bass were examined and
surveyed for  copepod crustaceans.  External
microhabitats, comprising skin and fins, and gills, were
examined in  fresh  host specimens under
stereomicroscope to locate and isolate encountered
parasites. Copepods were identified using a light
microscope according to the description cited in
previous studies (Ozel et al.,, 2004; Toksen et al.,
2006). Seven specimens of L. kroyeri were studied
using scanning electron microscopy (SEM). The
copepods were removed alive from their microhabitats
on the host, washed repeatedly with seawater to free
them from mucus, fixed in cold (4°C) 2.5%
glutaraldehyde in 0.1 M sodium cacodylate buffer at pH
7.2, dehydrated in ascending series of ethanol (30%,
50%, 75%, 90%, and 100%), critical-point-dried, and
sputter-coated with gold/ palladium. Parasites were
examined under JEOL JSM-6510LV scanning electron
microscope operated at an accelerating voltage of 30 kV
in the Electron Microscopy Unit, Faculty of Agriculture,
Mansoura University.

Results

Ten, out of 20 examined sea bass gill specimens,
were infected with Lernanthropus kroyeri. Female
copepods were primarily attached to gill filaments by
their second antennae; maxillae, maxillipeds and
thoracic legs were involved as assisting organs. The
body of each copepod was extended between the
hemibranchs, adhesived to the internal surface, with
their axis equivalent to the primary filaments axis and
with their vertical margins oriented across the gill arch.

Scanning electron microscopy observations
presented useful information on the integument
outgrowths of Lernanthropus kroyeri. Cephalothorax
carries four pairs of cephalic appendages (antennules,
antennae, maxillae, and maxillipeds) and two pairs of
thoracic leg appendages. The trunk, composed of
posterior end of the thorax and the abdomen, carries two
or three pairs of legs according to sex, the genital area,
and uropods. Several kinds of supposed sensory
structures and epidermal extensions were recognized on
the tegument of L. Kroyeri, Accurate tegumental
protrusions such as spines, spinules, denticles, teeth and
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setae with different shapes and sizes were recognized on
the body surface (tegument) and appendages as shown
in Fig.1 (a, b, ¢ & d) and Fig. 2 (c, d, e & f). Unique
structures called Aesthetes were restricted on the
antennules (Fig. 2a & b). The aesthetes consist of
sensitive cells just above the surface of antennules.
Uniciliated sensory formations, not fixed on papillae
and released from cavities, appear regularly on all body
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tegument, except on the antennae and maxillipeds.
These formations show variation in distribution and
morphology. They may exist singly or in combination.
Fine, intense, merged bristles appeared on the dorsal
body surface and legs (Fig. 2g). Ornamented papilla
exists on the body surface (Fig. 2h). They are
principally recognized nearby the second leg. Pores
were also noticed on the body surface (Fig. 2 h).
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(Fig. 1): Epidermal structures of L. kroyeri. a Second leg of male. Exopod (ex) provided with spines (sp) and
spinules (spu); endopod (en) with an apical seta (aps). b Genital area of male, abdomen (a), anal
splits (ans),dorsal plate (dp), setae (se) and uropods (ur). ¢ Second leg of female. Exopod (ex)
provided with spines (sp) and spinules (spu); endopod (en) with an apical seta (aps). d Genital area
of female, abdomen (a), 4™ thoracic leg (14),setae (se) and uropods (ur).
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(Fig. 2): Sensory structures of L. kroyeri. a Antennule, (an) at the base part, bearing aesthetes (ae).
b Antennule, (an) at the distal part, (an) bearing aesthetes (ae). ¢,d,e,f details of tegument features:
¢ cephalothorax with antennules (an) and spines (sp) . d 2™ leg, spinules (spu). e mouth tube,
spinules (spu). f maxillipeds, spine (sp). g Details of fine, intense, and merged bristles found on
dorsal body surface and legs. h Aspects of ornamented papilla (Opa) and pores (Po).
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Discussion

Parasitic crustaceans are numerous and have
worldwide distribution in fresh, brackish and salt
waters (Jithendran et al., 2008). Previous studies have
reported on occurrence of Lernanthropus kroyeri on
the gills of Dicentrarchus labrax (Abu Samak, 2005;
Antonelli, 2012; Eissa et al., 2017; Abou Zaid et al.,
2018).

In the present study, SEM observations revealed
some superficial structures, sensory structures and
adhesive organs, on the tegument of Lernanthropus
kroyeri. SEM observations also revealed several kinds
of tegumental structures abundant ones showed a
tubular or filamentous form, which assisted the
parasitic copepod in the respiration process; the other
type of tegumental structures consists of roughly longer
and more diverse extensions which probably exhibit a
sensory function. In addition, unique structures
called Aesthetes were restricted on the antennules
formed of sensitive cells just over the surface of the
antennules.

Uniciliated sensory formations appeared
regularly on all body tegument, except on the antennae
and maxillipeds, and showed variation in distribution
and morphology. These formations resemble those
obtained by Antonelli, (2012) who observed numerous
sensory endings on the body surface of L. kroyeri and
suggested that they are involved in feeding and
attachment. The author also showed that the copepod is
provided with a considerable increase of cuticular
surface for a better oxygen utilization, and so
improving respiratory processes through the
integument.

Moreover, Antonelli (2012) suggested that the
cuticle of Lernanthropus kroyeri may provide the
principal interface between the organism and its
microenvironment. Amongst other functions, the
cuticle acts as a defense tool against pathogens,
constitutes a barrier mediating osmotic and respiratory
exchanges and provides a support for the body
musculature and internal organs.

Morphologically the present result was in
agreement with that obtained by Ohtsuka and Huys
(2001) who demonstrated that Aesthetes on the
antennules are chemoreceptors which detect changes in
hydrodynamic forces , dissolved chemical substances,
monitoring of food, mate tracking, and/or chemical
communication between males and females. Gresty et
al,, (1993) reported that numerous sensory endings
identified on the body surface of L. kroyeri are
involved in feeding and attachment. Cuticular
differentiations play a secondary role in the fixation
(Fahmy et al., 2019). Setae occurring on the antennules

are used in guiding copepod to a prospective host
(Quilichini and Antonelli, 2012).

Furthermore, the morphological features of L.
kroyeri in the present study are similar to those revealed
by Poquet (1983) who observed two types of
epicuticular formations on the dorsal body surface: very
abundant ones with a tubular or filamentous aspect and
longer and more ramified expansions which are less
abundant

Also, Razouls, (1996) reported that the pores,
corresponding to the opening of secretary glands,
observed on the surface of the body of L. kroyeri could
intervene in the capture of preys by secreting a kind of
mucus and setae occurring on dorsal body surface have
been considered the most likely receptors involved in the
sensing of hydrodynamic disturbance. Heuch et al,
(2007) recorded that the body surface of parasites is
richly equipped with numerous receptors, most of them
may be with functional significances, monitoring
chemical and mechanical signals from surrounding
environment.

Boxshall ef al., (1997) reported that several types
of sensory structures identified on L. kroyeri were
resembled such as previously observed in other
copepods, and the form and distribution varies according
to species.

Concerning the morphological description the
present study was similar to that obtained by Antonelli,
(2012) and Poquet (1983) but the later was reported that
cuticular formation was longer and more ramified
expansions while in the present result it was shorter
extensions.

In conclusion, the differences between the current
study and previous studies may be contributed to the type
of host species, age of the sea bass, fish sampling site,
feeding habits and sampling time.

References

Abou Zaid A, Bazh E, Desouky A, Abo-Rawash A
(2018). Metazoan parasite fauna of wild sea bass;
Dicentrarchus labrax (Linnaeus, 1758) in Egypt.
Life Science Journal 15(6): 48-60

Abu Samak, O. (2005). Mode of attachment and
histopathological impacts associated with parasitic
copepod Lernanthropus kroyeri infesting gills of
the sea bass fish, Dicentrachus labrax in Egypt.
Journal of the Egyptian German Society of
Zoology, 48: 1-12.

Antonelli L (2010). Impact of parasitism on fish farming
in Corsica. Monitoring of parasites and studying
the transfer of parasites from wildlife to fish in the

127



Journal of Environmental Sciences, 2019; Vol. 48, No. 3 : 121- 129

high seas. Thesis, University of Corsica,
Pasquale Paoli.

Antonelli L (2012). Lernanthropus kroyeri (Van
Beneden and Hesse 1851) parasitic Copepoda
(Siphonostomatoidae,  Lernanthropidae) of
European cultured sea bass Dicentrarchus
labrax (Linnaeus 1758) from Corsica: ecological
and morphological study, Parasitol Res
110:1959-1968.

Antonelli L; Ternengo S; Agostini S and Marchand
B (2009). Farm Pest Management aquaculture of
Corsica (campaigns 2007-2008). Collective
Action, Union Contract
Corsican Aquaculturists / University of Corsica.

Boungou M, Sinaré Y, Mano K, Kabré G (2013).
Parasitic Copepods (Arthropoda, Crustacea,
Copepoda) from Fishes in Burkina Faso, Africa.
International Journal of Fisheries and Aquatic
Sciences 2(3): 58-64.

Boxshall GA, Yen J, Rudi Strickler J (1997).
Functional  significance of the sexual
dimorphism in cephalic appendages of Euchaeta
rimana Bradford. Bull Mar Sci 61:387-398.

Boxshall, G. A. and Defaye, D. (2007). Global
diversity of copepods (Crustacea: Copepoda) in
freshwater. Hydrobiologia, 595(1): 195-207.

Boxshall, G., Halsey, S., (2004). An Introduction to
Copepod Diversity. The Ray Society, London.

Browers, J. M.; Mustafa, A.; Speare, D. J.; Conboy,
G. A.; Brimacombe, M.; Sims, D. E. and
Burka, J. F. (2000). The physiological response
of Atlantic salmon, Salmo salar L., to a single
experimental  challenge with sea lice,
Lepeophtheirus  salmonis. Journal of Fish
Diseases, 23: 165-172.

Eissa 1.A.M; Ismail M.M; Aly S.M and Ahmed
M.M (2017). Studies on Prevailing Parasitic
Trematodiasis Affecting Some Cultured Marine
Fishes in Ismailia Governorate. SCVMIJ, XXII
(2):165-183.

Ernst I, Whittington ID, Corneillie S, Talbot C
(2002). Monogenean parasites in sea-cage
aquaculture. Austasia Aquacult 16: 46—48.

Fahmy, S. A.; Arafa, S. Z. and Hamdan, Z. K.
(2019). Ultrastructure of Lamproglena pulchella
(Copepoda: Lernaeidae), a gill parasite on the
freshwater fish, Leuciscus vorax, from Tigris
River, Iraq. Egyptian Journal of Aquatic Biology
& Fisheries, 23(4): 385 — 389.

Fahmy, Sh A (2014). Studies on parasitic copepods of
economically important fishes using modern
techniques. Ph.D thesis, Damietta Univ. Egypt.

Gresty KA, Boxshall GA, Nagasawa K (1993).
Antennulary sensors of the infective copepod
larva of the salmon louse Lepeophtheirus
salmonis (Copepoda: Caligidae). In: Boxshall GA,
Defaye D (eds) Pathogens of wild and farmed
fish: sea lice. Ellis and Horwood, Chichester, pp
83-98.

Heckmann R (2003). Other ectoparasites infesting fish;
copepods, branchiurans, isopods, mites and
bivalves. Aquaculture Magazine, Nov/Dec pp: 1-
6.

Heuch PA, Doall MH, Yen J (2007). Water flow
around a fish mimic attracts a parasitic and deters
a planktonic copepod. J Plank Res 29:13—i6.

Hirose, E. and Uyeno, D. (2014). Histopathology of a
mesoparasitic hatschekiid copepod in hospite:
does  Mihbaicola  sakamakii  (Copepoda:
Siphonostomatoida: Hatschekiidae) fast within the
host fish tissue? Zoological Science, 31(8): 546-
52.

Jithendran KP, Natarjan M, Azad IS (2008).
Crustacean parasites and their management in
brackish water finfish culture. Aquaculture Asia
Magazine 75: 47-50.

Johnson SC, Blaylock RB, Elphick J, Hyatt K. (
1996). Disease caused by the salmon louse
Lepeophtheirus salmonis Copepoda: Caligidae) in
wild sockeye salmon (Oncorhynchus nerka )
stocks of Alberni Inlet BritishColumbia. Can J
Fish Aquat Sci. 53:2888-2897.

Johnson, S. C.; Treasurer, J. W.; Bravo, S.;
Nagasawa, K. and Kabata, Z. (2004). A Review
of the Impact of Parasitic Copepods on Marine
Aquaculture. Zoological Studies, 43(2): 8-19.

Khidr AA, Abu Samak OA, Said AE, Ghoneim AM,
Fahmy ShA (2014). Structural and Functional
Observations on the appendages of gill parasite,
Lernanthropuskroyeri (Copepoda:
Lernanthropidae) infesting the sea bass
Dicentrarchus labrax. Nature and Science 12: (2)
101-107.

Kua, B. C.; Noraziah, M. R. and Nik Rahimah, A. R.
(2012). Infestation of gill copepod Lernanthropus
latis (Copepoda: Lernanthropidae) and its effect
on cage-cultured Asian sea bass Lates calcarifer.
Tropical Biomedicine, 29(3): 443-50.

Lafferty KD, Allesina S, Arim M, Briggs CJ, De Leo
G, Dobson AP, Dunne JA, Johnson PTJ, Kuris
AM, Marcogliese DJ, Martinez ND, Memmott

128



Journal of Environmental Sciences, 2019; Vol. 48, No. 3 : 121- 129

J, Marquet PA, McLaughlin JP, Mordecai
EA, Pascual E, Poulin R, and Thieltges
DW(2008). Parasites in food webs: Ecology
Letters 11: 533-546.

Manera M, Dezfuli BS (2003). Lernanthropus kroyeri
infections in farmed sea bass Dicentrarchus
labrax: pathological features. Dis Aquat Organ
57:177-180

Miadineo I. (2007). Host switch of Lamellodiscus
elegans (Monogenea: Monopisthocotylea) and
Sparicotyle chrysophrii (Monogenea:
Polyopisthocotylea) between cage-reared
sparids. Vet Res Commun 31:153-160.

Ohtsuka S, Huys R (2001). Sexual dimorphism in
calanoid copepods: morphology and function.
Hydrobiologia 453:441-466.

Ojha J, Hughes GM. (2001). Effect of branchial
parasites on the efficiency of the gills of a
freshwater catfsh Wallago attu. J Zool 255:125-
129.

Ozel 1, Oktener A, Aker V (2004). A morphological
study (SEM) on a parasitic copepod:
Lernenthropus kroyeri (Van Beneden, 1851). J
Fish Aquat Sci 21:335-337.

Pelster B, Bagatto B. (2010). Respiration. Fish
Physiology. 29:289-309

Poquet M, (1983). Ultrastructural features of the
integument of Lernanthropus kroyeri Van

Beneden (Crustacea : Copepoda). Butll. Inst. Cat.
Hist. Nat., 49 (5): 49-56.

Quilichini, Y. and Antonelli, L. (2012). Lernanthropus
kroyeri (Van Beneden and Hesse 1851) parasitic
Copepoda (Siphonostomatoidae, Lernanthropidae)
of European cultured sea bass Dicentrarchus
labrax (Linnaeus 1758) from Corsica: ecological
and morphological study. Parasitology Research,
110: 1959-1968.

Rameshkumar, G. and Ravichandran, S. (2012).
Lernaeenicus sprattae (Crustacea: Copepoda) on
Hemiramphus far. Middle-East Journal of
Scientific Research, 11(9): 1212-1215.

Razouls C (1996). Diversity and geographical
distribution in pelagic copepods. 2- Platycopoida,
Misophrioida, Cyclopoida, Poecilostomatoida,
Siphonostomatoida, Harpaticoida, Monstrilloida.
Ann Inst Océano, Paris, New Series 72: 1-149.

Tansel T and Fatih P (2012). Ectoparasitic sea lice,
Caligus  minimus (Otto 1821, Copepoda:
Caligidae) on Brawn wrasse, Labrus merula L., in
Izmir Bay, Aegean Sea. Journal of Animal
Science; 11(38):208-211.

Toksen E, Cagirgan H, Tanrikul TT, Saygi H (2006).
The effect of Emamectin Benzoate in the control
of Lernanthropus kroyeri (Van Beneden, 1851)
(Lernanthropidae) infestations in culturedsea-bass,
Dicentrarchus labrax (Linné, 1758). Turk J Vet
Anim Sci 30:405-409.

129



