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Five hundred and forty two (542) fishes belonging to 9 species
(Pomadasys peroteti, Tilapia spp, Arius gigas, Elops lacerta,
Eucinostomus (Gerres) melanopterus, Pseudotolithus elongatus, Liza
grandisquamis and L. falcipinnis) were collected from 5 landing sites
along the upper reaches of the Bonny river in Nigeria and examined
for macro-ectoparasites. Parasites isolated were Cymothoa exigua,
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C. hermani, Nerocila monodi, an unidentified Nerocila spp and
Lironeca vulgaris. Total prevalence for all parasites was 37%. For each
parasite, the host fish, parasitic specificity and prevalence are given.
P. peroteti and Tilapia spp had the highest parasite prevalence. The
Cymothoa species were found in the mouth replacing the tongue, in
the pharynx attached to the gill arch and externally on the skin of P.
peroteti and Tilapia, Lironeca vulgaris was found in the mouth while
the Nerocila species were found on the skin. A toxicological survey

of the concentration of heavy metals (Cd and Pb) in fish and parasite
showed the absence of heavy metals in all parasites while the fish had
concentrations above recommended permissible limits. There was no
significant difference in the prevalence among stations.

INTRODUCTION

Every living thing has its own group of parasites so there has been an increasing demand for knowledge about the nature,
biology and control of fish diseases Y. There is also the use of aquatic fauna in bio monitoring and the economic importance of
fishing as a source of employment and sports that information on the knowledge of fish parasitology has become very important
(231, Parasites affect the tissue of infected fishes, their economic value, and their environment.

Fishes have been used as bio monitors of pollution and contaminations of the environment. However, there are different
opinions by some environmental parasitologists that parasites (especially the macro parasites) could be better indicators of
pollution making parasites of fin fish a potential valuable indicator of ecological impacts . The chronic exposure of organisms
to pollutants causes biochemical, physiological and behavioural host changes that ultimately can influence the prevalence and
intensity of parasitism ®\. As a result, they infered that pollutants might promote increased parasitism in aquatic animals, especially
fish, by impairing the hosts immune response or favouring the survival and reproduction of intermediate hosts or depauperate the
parasite population. Sures ®!in some experimental studies observed that the number of ectoparasites such as trichodinid ciliates
and monogeneans increased significantly in the gills following exposure to pollutants. Therefore, the incidence or prevalence of
a particular parasite on a given fish in a known area could indicate environmental contamination. The thorny or spiny headed
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worm (acanthocephalans) parasitizing fish, have been shown to accumulate heavy metals at concentrations that are many times
higher than those recorded in the host tissue ). The use of fish parasite as bio-indicators is on the increase, either because of
their physiological response to aquatic contaminants, and or because of their ability to accumulate particular toxic agents 1. The
cymothoid parasites are large, easy to observe and collect and occur in both marine and freshwater shallow water fishes [©.

Fish farming or aquaculture and fishing has remained a major economic activity of many communities in riverine regions of
Nigeria with private individuals as well as industries setting up fish farms without a corresponding increase on the knowledge and
biology of their parasites both in relation to the environment and man, thus making this study very useful. Sarig ! stated that this
lack of information and knowledge as the reason infections of fishes by parasites often escape unnoticed and even when noticed
are not properly identified and documented. Recent researchers in the Niger delta of Nigeria such as 1%1°! have made tremendous
advances in the study of fish parasites, mainly in study of helminths and brief mentions of isopods as a group. However, there
remains a large vacuum in the knowledge of fish diseases and pathology in Nigerian waters. Epidemiology of fish diseases is
therefore necessary to provide effective control in wild and cultured fish. Due to incessant crude oil spills and blow outs in the
Niger Delta areas, and concomitant dredging activities, many scholars believe that fisheries and biodiversity of aquatic animals
are adversely affected 2%, Thus, a study of fish and their parasites in the area will provide data on the fish species adversely
affected, degrees of infection and interaction of the organisms within polluted and non- polluted waters. The idea is to promote
the possible use of fish parasites as indicators of water pollution. Due to poor knowledge of fish parasites, fish industries suffer
huge financial calamities each year to parasites and diseases of fishes, which are largely responsible for the deaths of fish and
hatcheries 2123, Of the four basic culture systems in Nigeria, none has escaped the menace of fish parasites ?%. A yet unreported
incidence of fish parasite on a farm in Agbor, Delta State of Nigeria showed very low productivity of Tilapia infected with cestodes.
Therefore on a daily basis, the problems of parasites both in the cultured and wild species of fishes are encountered. Knowledge
of fish parasites in Rivers State is necessary for ecological studies, economic health of our people, in aqua studies, and as
database for future Environmental Management studies. Cymothoid parasites are isopods of family Cymothoidae. They are
macroparasites that can grow up to 7 cm. Brusca ?® describes them as protandric hermaphrodites with mouth part modified for
parasitic lifestyle, known to parasitize wild marine, brackish and freshwater fish species of commercial importance in shallow
waters. This study conducted over a 5 month period from July to November 2015 hopes to establish the local species and to
promote the possible use of cymothoid parasites as indicators of heavy metal pollution.

MATERIALS AND METHODS

Description of study area

The collection sites are in Rivers State of Nigeria in the Niger Delta region designated as Afikpo watersides (N 04° 64’
38.9”and E 006° 59’ 26.5"), Abonnema watersides (N 04° 46’ 30.4"and E 007° 00’ 15.5") and Creek road water sides (N 04°
48" 33.2" and E 007° 01’ 25.2") in Port Harcourt Local Government Area, and Ogbogoro watersides (N 04° 50’ 15.4” E 006°
55" 31.8") and Iwofe water sides (N 04° 48’ 33.2" E 006° 55’ 42.0") in Obio/Akpor Local Government Area in Rivers State.
Afikpo and Creek road water sides are heavily polluted with sewage and refuse which are dumped into the river. lwofe water side
has high human settlement and Eagle cement factory close to it, and as such, receives organic and industrial waste from its
immediate surroundings. Abonnema and Creek road watersides have high degree of water traffic disturbances and high human
settlement. Ogbogoro waterside is relatively calm, with occasional vehicular movement. These three sites (Ogbogoro, Iwofe and
Abonnema watersides) are on the shore of the Bonny river while two sites (Afikpo and Creek road watersides) are situated on
creeklets of the Bonny river (Figure 1).

Collection of samples

Six families of fish were collected during the sampling period: Pomadacyidae (Pomadasys peroteti), Cichlidae (Tilapia species)
Gerreidae (Eucinostomus (Gerres) melanopterus), Scianidae (Pseudotholitus elongatus and Pseudotholitus senegalensis),
Mugilidae (Liza falcipinnis and Liza grandisquamis), Ariidae (Arius gigas) and Elopidae (Elops lacerta) of which no parasites were
found in the mugilidae and ariidae. They were purchased from fishermen using Cast nets and beach seines operating around
the landing sites. The sampled fishes were collected and transported in polythene bags to the University. The fishes were not
separated into males and females. They were ice frozen and examined the same day in the laboratory. Fish samples from the
study sites were collected monthly from July to November, 2015. The sampled fishes were separated in to groups and identified
using identification sheets by ?®! using morphometric and meristics characters. The identified fishes were measured to the nearest
mm and checked for macro ectoparasites starting from the skin/body surface, gills, mouth, operculum, anus and the fins. The
isolated parasites were identified using guides provided by ?52°, Basically the shape of cephalon, its position in the 1st pereonite,
the shape of the pleonite, the pleotelson and uropod were all useful in identification using available keys. The extracted parasites
were preserved in specimen bottles containing 70% ethanol.

Five samples of Pomadasys peroteti from Ogbogoro station of size range 10 to 14.7 cm and corresponding five samples of
Cymothoa exigua of size 1.6 to 2.0 cm were used for heavy metal analysis as it appeared to have a greater affinity for infection
as more than one parasite was found in them. Samples were prepared according to methods by % and analyzed by flame atomic
absorption spectrophotometer (AAS model GBC Avanta Pm AAS).
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Figure 1. Map showing the Study Areas- Creek road, Abonnema, Afikpo, Iwofe and Ogbogoro water sides in Rivers State.

Means, standard deviations and ANOVA (Analysis of variance) and Post -hoc testing of means by Tukey was done using
Microsoft excel and SPSS 13.

RESULTS

The fish species were identified as; Pomadasyidae (Pomadasys peroteti), Cichlidae (Tilapia spp), Gerreidae [Eucinostomus
(Gerres) melanopterus], Scianidae (Pseudotholitus elongatus and Pseudotholitus senegalensis), Mugilidae (Liza falcipinnis and
Liza grandizquamis), Ariidae (Arius gigas) and Elopidae (Elops lacerta). The ectoparasites were found in Pomadasys peroteli,
Tilapia spp, Eucinostomus (Gerres) melanopterus, Pseudotholitus elongatus and Elops lacerta. No parasite was isolated from the
Mugilidae and the Ariidae.

The ectoparasite isolated were all Isopods of family Cymothoidae. A total of five hundred and forty two (542) fishes were
examined, one hundred and ninety-eight (198) of the fishes were infected with a prevalence of 37%. Total number of parasite
from infected fishes was Two Hundred and Forty-Eight (248) because some had male and female in one fish. The cymothoid
parasites isolated, belong to three genera and five species namely; Cymothoa hermani, Cymothoa exigua, Lironeca vulgaris,
Nerocila monodi and Nerocila spp (unidentified). The parasites were found on the skin, mouth and pharynx(on the gill arch) but
mostly in the mouth and pharynx.

N. monodi was found on the body of Tilapia spp as shown in (Plate 1). The colour is a deep tan with 3 distinct longitudinal
dark bands. They were found on the skin (lateral side) of the host Tilapia. The other Nerocila spp had a different coloration from N.
monodi with large prominent eyes Plate 1 (b). They were found on skin (under belly) of Tilapia. There were no distinct longitudinal
dark bands on the dorsal surface.

Plate 1 a) Nerocila monodi. (Arror bar 0.8 mm)
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Plate 1 b) Nerocila spp on P. peroteli

Cymothoa hermani (Plate 2) was found in the mouth of Tilapia and Pomadasys where they had eaten out the tongue taking
its place as well as the pharynx. Found singly or in pairs (1 male or male and female) in the pharynx of Pomadasys, mouth of
Tilapia and skin of Elops and Gerres. When single, they were found in the mouth or skin. In pairs the second one was found on
the gill arch or in the pharyngeal region.

Plate 2. Cymothoa hermani from the mouth of Pomadasys peroteti. (Bar 1.2 cm).

Cymothoa exigua (Plate 3) was found on the skin of Pomadasys, Tilapia, Elops and Gerres, as well as in the pharynx and mouth

Plate 3. Cymothoa exigua on the upper lip of Tilapia. (Bar 0.9 mm).
Prevalence of parasites

The percentage prevalence of parasites in the family Gerreidae was 65%, Pomadacyidae 65%, Cichlidae 57% and Sciaenidae
5%. A total of 61 and 38 fishes were examined in the families Muglidae and Ariidae respectively, both had zero prevalence (Table
1). The overall parasite prevalence of examined fishes was 37%. The parasite isolated were Nerocila monodi, Cymothoa hermani,
Cymothoa exigua and Lironeca vulgaris (Plate 4) from E. melanopterus, P. peroteti, Tilapia spp, P. elongatus and E. lacerta.

Table 1. Parasitological index of the cymothoid parasites isolated for the period of study.

Number of Range of Number of Prevalence (%)

Host/Parasite Species Fish Examined fish size fish infected NFI/ NFE x 100 Location in/on host (LO) e

(NFE) (cm) (LS) (NFI) (P) (PC)
Eam!);;r?(frzfrii Skin (Under belly, Lateral Creek Road,
: P X 54 4-11 35 65 sides and around the fish| Abonnema, Afikpo,
Cymothoa exigua )
lips) Ogbogoro

Cymothoa hermani
Family: Mugilidae
Liza falcipinnis 61 7-15 0 0 -
Liza grandisquanis
Family: Pomadasyidae:

Abonnema, Afikpo,
Creek Road, Ogbogoro

Pomadasys peroteti Mouth. Pharvngeal cavit Creek Road, Iwofe,
Cymothoa hermani 119 6-14 77 65 ' sﬁ(/ing Y Abonnema, Afikpo,
Lironeca vulgaris Ogbogoro

Cymothoa exigua
Family: Cichlidae
Tilapia spp
Cymothoa exigua 173 7-12 98 57
Cymothoa hermani
Nerocila monody

Mouth, Pharyngeal cavity,

Side of mouth, Skin el
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Family: Scianidae Creek Road, Afikpo,

Pseudotolithus elongatus 62 7-13 3 5 Mouth
¢ Abonnema

Cymothoa exigua

Family: Ariidae Creek Road,

Arius gigas - 15 0 0 i Abonnema, Iwofe

Family: Elopidae Ogbogoro

Elops lacerta 35 7-14 19 54 Skin, mouth
Cymothoa exigua

Total 542 198 37

Plate 4. Lironeca vulgaris (Bar 1 cm) L. vulgaris was found in the pharynx of Pomadasys.

The percentage infection varied among the collection sites (Figure 2). These variations were found to be significantly
different for P. peroteti and Tilapia but not for in E. melanopterus (Table 2) at p = 0.05 (TUKEY). Infection in Tilapia grouped
the stations into three; Afikpo and Creek road water sides in the creeklets, Abonnema and Iwofe, and Ogbogoro watersides.
The highest incidence of infection for P. peroteti was at Abonnema and Iwofe, for Tilapia spp was Afikpo and Creek road and at
Ogbogoro for E. melanopterus (Figure 2).

120. -
B E. melanopterus mP. peroteti Tilapia
c
L
s 90. - [
)
Yo
[
g 60. -
]
whd
c
)
P 30. -
)
o
0. -

Afikpo Creek road Abonnema Iwofe Ogbogoro
Stations
Figure 2. Spatial variation in the Mean and standard deviation of percentage infection in E. melanopterus, Pomadasys and Tilapia.
Table 2. Means * SD of percentage infection with cymothoid parasites at the five landing sites (Tukey mean separation).

Locations Fishes/percent infection

E. melanopterus P. peroteti Tilapia
Afikpo 15.00 + 33.542 62.10 + 14.79° 59.27 + 24.27°
Creek road 24.67+ 34.77° 79.14 + 23.07° 74.75 + 16.98°
Abonnema 12.31 + 27.52° 39.72 + 39.33° 16.00 + 35.78°
Iwofe 0.00 + 0.00° 40.00 £ 37.91° 34.86 + 33.41°
Ogbogoro 25.71 + 35.57°2 86.00 + 14.22° 39.70 £ 39.29

Note: Along column, same superfix shows means that are not significantly different.

Heavy metal analysis done on muscle of Pomadasys peroteti were 1.06 + 0.58 (range of 0.47 - 2.74 mg/kg) for Pb and 0.30
+ 0.20 mg/kg ( range of 0.33 - 1.09 mg/kg) for Cd. The concentration in the whole specimens of Cymothoa exigua retrieved from
the mouth were below detection limit of 0.001 mg/kg in all the C. exigua examined (Table 3).

Table 3. The concentration of heavy metal in P. peroteti and C. exigua retrieved from their mouth.

Concentration mg/kg P. peroteti C.exigua
Pb 1.06 £ 0.58 Below detection limit
Cd 0.30 £ 0.20 Below detection limit
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DISCUSSION
Fish species and parasites

The main food fish available for sampling were Pomadacyidae (Pomadasys peroteti), Cichlidae (Tilapia species) Gerreidae
(Eucinostomus (Gerres) melanopterus), Scianidae (Pseudotholitus elongatus and Pseudotholitus senegalensis), Mugilidae (Liza
falcipinnis and Liza grandisquamis), Ariidae (Arius gigas) and Elopidae (Elops lacerta) (of which no parasites were found in the
mugilidae and ariidae) as the market women bought whatever was caught. They are the common estuarine fish usually marked
fresh. The market women were observed picking out the parasites (which they called “insect”) from the skin and mouth of the fish
before displaying them for sale. This is because they found the parasites offensive as it did not look nice on the fish.

The total percentage prevalence was 37%. Bunkley and Williams 3% working on isopods associated with Venezuelan
marine fishes, and B2 that worked on the Cymothiodal (Crustacean, isopoda), parasites on marine fishes from Algerian
fauna recorded approximately 4 - 29% prevalence. Inyang 18 also recorded isopods in a tilapia S. melanotheron, in a
goby Bostrychus africanus and in Sphyraena spp. In this report however cymothoids were found in pomadasyids, tilapia,
sciaenids, gerreids, and elopidae. A comprehensive study of the parasites in the Bonny Estuary is advised to include all
available fish to complement this as baseline data.

The zero prevalence observed in the Mugilidae and Aridae could be as a result of host specificity. Probably, there is some
kind of a chemical substance in the body of these fishes that repels the parasite or do not allow them to infect these fishes. Host
specificity has been observed by 2% while working on the parasite infections and diseases of fish in Africa. Sarig ' noted host
specificity while working on the diseases of fishes and the prevention and treatment of warm water fishes.

It should also be noted that amongst the Cymothoid parasites encountered in this study had a distribution or location in/on
the fish host that varied. Nerocila species were found on the skin of the fish host - cichlids. Cymothoa hermarni and Cymothoa
exigua were found on the skin of the Gerreidae, Pomadacyidae, Cichlidae and Sciaenidae and in the mouth and pharynx of
pomadasyidae, cichlids and elopidae. Lironeca vulgaris was found in the mouth of Pomadacyidae. The Pomadasyids appear
to have a greater affinity for infection as more than one type of parasite was found on them. More work need to be done to
understand site specificity among these parasites. The position of the parasites on fish makes for easy collection without killing
or destroying the fish. It is suggested therefore that to isolate cymothoids from estuarine food fish in Nigeria for studies, E.
melanopterus, Tilapia, E. lacerta are important hosts in decreasing order. The parasites were also observed singly and in pairs in
some. Cymothoids are known protandric hermaphrodites. When single they occurred in the mouth and were male. As a pair, the
new male (smaller in size) remains in the pharynx and the first which is larger becomes the female. The presence of a second male
has been documented by 2% to trigger the change of the first male into a female during their next molt.

Heavy metal analysis

Khan and Thulin ® noted that the use of fish parasites as bio indicators is on the increase either because of their physiological
response to aquatic contaminants or because of their ability to accumulate particular toxic agents. Acanthocephalans parasitizing
fin fishes have been shown to accumulate heavy metals at concentrations that were many times higher than those recorded
in the host tissue . Bearing this in mind, heavy metal analysis was done on the parasite Cymothoa exigua and their fish host.
Although the heavy metals like Pb and Cd were detected in the fish hosts, they were not detected in the cymothoid parasites
collected from the mouth. Acanthocephalans are gut parasites of the fish host, so they are almost feeding on the food from same
environment like their fish hosts as they derive their nutrients mainly from the chyme and raw food of the fish ["\. As such, heavy
metal accumulation could easily reflect on the body of the parasite. The cymothoids in the mouth mainly depend on the mucus
and assimilated food of the fish as such only a negligible portion of the raw food gets to the isopods. Brusca 2% has argued that
the cymothoids in the mouth appear to be non-feeding (apart from eating up the tongue). The parasite in the gills however were
pink in colour showing they had fed on some blood material. It is however suggested that heavy metal analysis will be done on
those that are in the gills and further research is advised. Expected results should have reflected the heavy metal load of the fish
in the parasite. Also, the cymothoids are arthropods with chitinous exoskeleton and it is possible that this acted as a barrier to
assimilation of heavy metals from the environment even as ectoparasites or they had preferential ability to regulate Cd and Pb.
It appears that as the parasite was collected from the mouth, it may not have been feeding on blood as the parasites on the gills
which were pink indicating some form of blood meal. Further investigation is needed to establish presence or absence of heavy
metals in parasites obtained from the gills as well as on the use of gut parasites as bio monitors.

In conclusion, this five month survey has shown that estuarine fishes from five landing sites in Port Harcourt (P. peroteti,
E. lacerta, E. melanopterus, and Tilapia) are host to isopod parasites of family cymothoidae - Cymothoa exigua, C. hermani,
Nerocila monodi, Nerocila spp and Lironeca vulgaris. P. peroteti and Tilapia had the highest infestation rates in the mouth and
pharynx. Toxicological studies show that the parasites from the mouth may not be useful as bioindicators of Pb and Cd. Further
investigation is recommended for all heavy metals in parasites collected from the pharynx feeding on the gill arch.

RRJOB | Volume 4 | Issue 2 | June, 2016 39



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.
23.
24,
25.

26.

27.

e-ISSN:2322-0066

REFERENCES

Kabata Z. Copepoda (Crustacean) Parasitic on Fishes; Problems and Prospective. Inlunsden (Eds), Advances in Parasitology.
Academic Press Inc Ltd London. 1981.

Walder GL and Arai HP. The Helminth Parasites of Embiotocid Fishes Ill. A New Species of the Genus Cucullanellus spp
Torrnguist 1931 (Nematodia Cucullanidae) from the shiner perch, Cymatogaster aggregate Gibbons. Journal of the Fish
Research Board of Canada. 1974;31(2):205-209.

Ugwuzor UN. A Preliminary Survey of the Helminth Fish Parasites in Imo River. Fisheries Society of Nigeria.1985;207-209.

Lafferty KD. Environmental Parasitology: what can Parasites tell us about human impacts on the Environment. Parasitology
Today. 1997;13(7):251-255.

Khan RA and Thulin J. Influence of pollution on parasites of Aquatic animals. Advances in Parasitology. 1991;30:201-238.

Sures B. Environmental Parasitology: Relevance of Parasites in Monitoring Environmental Pollution. Trends in Parasitology.
2004;20:170-177.

Taraschewski H and Rydlo M. Intestinal Fish Parasites as heavy metal bioindictors: a comparison between Acanthocephelus
lucii (Palaeacanthocephala) and the Zebra mussel, Dreissena Polymorph. Bulletin of Environmental Contamination and
Toxicology. 1997;59:14-21.

Smit NJ, et al. Global diversity of fish parasitic isopod crusteceans of the family Cymothoidae. International Journal of
Parasitology Parasites and Wildlife. 2014;3(2):188-197.

Sarig S. The Status of Information on Fish Diseases in Africa and Possible means of their Control. Symposium on
Aquaculture in Africa. 1975.

Ejiogu CO. Parasites of some Fish Species of Economic importance Landed in Port Harcourt. Thesis submitted to Zoology
Department University of Port Harcourt. 1983.

Amadi EC. Ectoparasites and Endoparasites of Three Marine Species of Fish Landed at Creek Road Market, Port Harcourt.
Project submitted to Zoology Department University of Port Harcourt. 1986.

Appiah JAK. Parasites of Two Species of Brackish Water Fish of Economic Importance. Project of Zoology Department
University of Port Harcourt. 1985.

Okujiagu VS. Parasites of the Fishes Caught at Okirika Creek in Okirika Local Government Area of Rivers State. Thesis of
Zoology Department University of Port Harcourt. 1990.

Amadi NG. Ectoparasites and Endoparasites of Fish Caught at Ogbakiri Creek in Ikwerre Local Government Area of Rivers
State. Project of Zoology Department University of Port Harcourt. 1991.

Obiekezie Al. Studies on the Parasitic Infections of Commercial Fishes in the Cross River Estuary and the South East
Coastal Waters of Nigeria. Ph.D Thesis University of Calabar. 1983.

Obiekezie A, et al. Diseases of the African estuarine Catfish, Chrysichthys nirodigitatus (Lacepede) from the Cross River
estuary. Nigerian Journal of Fish Biology. 1988;23:207-221.

Obiekezie A and Kane AS. Diseases of Aquatic Organisms. Nubile Publishers Nigeria. 1995.

Inyang IR, et al. Macroscopic ectoparasites associated with some fishes in the Upper Bonny Estuary. Journal of Applied
Science and Environmental Management. 2006;10(4):31-35

Barnes RDL. Invertebrate Zoology, 4th Edition. Sanders College, Philadelphia. 1980.

Nwilo PC and Badejo OT. Impacts of Oil Spill along the Nigeria Coast. The Association for Environmental Health and
Sciences. 2001;10(2):140—-192.

Johnson SK. Ichi White Spot Disease Ichthyopthirius Multifiliis. Extension Services of Mississippi State University. 1976.
Mamer BE. The Parasites of Trout in North Western Washington. Journal of Parasitology. 1978;64(2):1.

Paperna I. Parasitic Infections and Diseases of Fish in Africa. FAO Publisher.2013.

Kabata Z. Parasites and Diseases of Fish Cultured in the Tropics. Taylor and Francs, London. 1985.

Brusca RC. A monograph of the Isopoda, Cymothoidae (Crustacean) of the eastern pacific. Zoological Journal of the Linnean
Society. 1981;73:117-199.

Schneider W. Field guide to the commercial marine resources of the Gulf of Guinea. FAO species identification sheets for
fihery purposes. 1990.

Bruce NL. Australian Species of Nerocila Leach, 1818, and Creniola n, gen. (Isopoda: Cymothoidae), Crustacean parasites
of marine fishes. Records of the Australian Museum. 1987;39(6):355-412.

RRJOB | Volume 4 | Issue 2 | June, 2016 40


http://www.nrcresearchpress.com/doi/abs/10.1139/f74-033#.V4Si2vl97IU
http://www.nrcresearchpress.com/doi/abs/10.1139/f74-033#.V4Si2vl97IU
http://www.nrcresearchpress.com/doi/abs/10.1139/f74-033#.V4Si2vl97IU
http://aquaticcommons.org/3412/
http://www.ncbi.nlm.nih.gov/pubmed/15275061
http://www.ncbi.nlm.nih.gov/pubmed/15275061
http://www.ncbi.nlm.nih.gov/pubmed/2069073
http://www.ncbi.nlm.nih.gov/pubmed/15099556
http://www.ncbi.nlm.nih.gov/pubmed/15099556
http://search.proquest.com/openview/7c3f38fd701f0bba531b0dd8c59bb9d4/1.pdf?pq-origsite=gscholar&cbl=54041
http://search.proquest.com/openview/7c3f38fd701f0bba531b0dd8c59bb9d4/1.pdf?pq-origsite=gscholar&cbl=54041
http://search.proquest.com/openview/7c3f38fd701f0bba531b0dd8c59bb9d4/1.pdf?pq-origsite=gscholar&cbl=54041
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4145142/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4145142/
http://agris.fao.org/agris-search/search.do?recordID=XF19760058180
http://agris.fao.org/agris-search/search.do?recordID=XF19760058180
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1988.tb05354.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1095-8649.1988.tb05354.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1096-3642.1981.tb01592.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1096-3642.1981.tb01592.x/abstract
https://www.researchgate.net/publication/240822423_Australian_species_of_Nerocila_Leach_1818_and_Creniola_ngen_Isopoda_Cymothoidae_crustacean_parasites_of_marine_fishes
https://www.researchgate.net/publication/240822423_Australian_species_of_Nerocila_Leach_1818_and_Creniola_ngen_Isopoda_Cymothoidae_crustacean_parasites_of_marine_fishes

28.

29.

30.

31.

32.

e-ISSN:2322-0066

Ravichandran S, et al. Variation in the Morphological Features of Isopod fish Parasites. World Journal of Fish and Marine
Sciences. 2009;1(2):137-140.

Hadfield KA et al. Review of the fish-parasite genus Cymothoa Fabricus, 1793 (Isopoda, Cymothoidae, Crustacean) from
the south western Indian Ocean, including a new species from South Africa. Zootaxa. 2013;3640(2):152-176.

American Public Health Association (APHA). Standard methods for the examination of water and waste water 20™ Edition,
American Public Health Association, USA. 1998.

Bunkley WL and Williams EH. The identity of the seldom found Caribbean and Gulf of Mexico fish parasitic isopod, Cymothoa
caraibica Bovallius, resolved: A neoteric synonym of C.oestrum (L). Caribbean Journal of Science. 2003;39:245-248.

Zouhir R, et al. The Cymothoidae (Crustacean,lsopoda), parasites on marine fishes, from Algerian fauna. Belgium Journal
of Zoology. 2007;137(1):67-74.

RRJOB | Volume 4 | Issue 2 | June, 2016 41


http://www.ncbi.nlm.nih.gov/pubmed/26000410
http://www.ncbi.nlm.nih.gov/pubmed/26000410
http://caribjsci.org/aug03/39_245_248.pdf
http://caribjsci.org/aug03/39_245_248.pdf
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjMh7_cw-3NAhXBu48KHQX1CkcQFggjMAA&url=http%3A%2F%2Fwww.vliz.be%2Fimisdocs%2Fpublications%2F123131.pdf&usg=AFQjCNFnxPSCR8BE2x0-SfvbSbaXngeXkw&bvm=bv.126130881,d.c2I&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjMh7_cw-3NAhXBu48KHQX1CkcQFggjMAA&url=http%3A%2F%2Fwww.vliz.be%2Fimisdocs%2Fpublications%2F123131.pdf&usg=AFQjCNFnxPSCR8BE2x0-SfvbSbaXngeXkw&bvm=bv.126130881,d.c2I&cad=rja

