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ABSTRACT

Fishes are a diverse group of  gill-bearing aquatic craniate animals characterized by their limbless bodies. These creatures are sus-
ceptible to various diseases, both infectious and non-infectious, which can significantly impact fish populations. One critical factor 
contributing to reduced fish productivity is parasitic infestation. This paper aims to provide a comprehensive overview of  the exter-
nal parasites that affect fish. In aquatic environments, host-parasite interactions are complex, with crustacean parasites often playing 
a prominent role in fish diseases and the management of  captive and cultured fish stocks. Among the most common crustacean 
parasites of  fish, we find copepods, brachiura, and isopods. Copepods, for example, encompass two major crab families: Ergasilidae 
and Lernaeidae. In contrast, Branchiura (Argulidae) and Isopoda members, both parasitic, generally exhibit larger body sizes than 
copepods. While these parasites may cause only mild harm to their hosts when present in small quantities, copepods are the most 
prevalent crustacean parasites in various aquatic habitats, including freshwater, brackish water, and saltwater. In the context of  fish 
health and productivity, prevention often proves more effective than treatment. Implementing strategies such as strict controls when 
introducing new fish to a newly established tank, robust quarantine procedures, mechanical removal using forceps, freshwater or 
saltwater dips, and water treatments involving organophosphates can significantly reduce the incidence of  external parasite infesta-
tions. Therefore, exercising caution when introducing new fish into a population is essential. 

Keywords
Branchiura; Copepod; Crustacean; Fish; Isopod; Parasitic.

Review

      Copyright 2023 by Kebede IA. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC-BY 4.0)

INTRODUCTION

Crustaceans are found in aquatic, terrestrial, and aerial forms; they 
have jointed appendages or legs; they are triploblastic and bilat-

erally symmetrical; and the body is divided into the head, thorax, and 
abdomen.1 There are three major kinds of  parasitic crustaceans af-
fecting commercially important aquaculture species, the majority of  
which are external parasites: copepods (Ergasilidea and Lernaeidae), 
Branchiura (Argulidae), and isopods of  Branchiura.2,3 Parasitic crus-
taceans are found globally in fresh, brackish, and salt waters. Many 
parasitic species have free-living larval stages.4 Copepods have been 
parasitic on fish since the lower Cretaceous period, perhaps 110 to 
120 million years ago. Almost 30 copepod groups have parasites that 
use fish as hosts, with the majority found exclusively on fish.5

	 Most freshwater parasite crustaceans can be seen with the 
naked eye as they attach to the host’s gills, body, and fins.6 Small 

crustaceans or copepods are common parasites on the gills of  
aquarium and pond fish, causing gill obstruction and fish death 
from oxygen deprivation.7 Copepods have two primary life cycles: 
Nauplius and Copepodid.8 The Branchiura consists of  approxi-
mately 175 species, divided into four genera and put into a single 
family, the Argulidae. Argulus (fish lice) have five limb-bearing 
segments, a trunk separated into a thoracic region containing four 
pairs of  powerful swimming legs, and a short abdomen with a sin-
gle bi-lobed unit caudal fin.9 Argulus, sometimes known as fish lice, 
is a common Branchiura parasite found in fish that has also been 
found in frog tadpoles. It is a big ectoparasite that may migrate 
across the body surface of  the fish. All life stages of  both sexes are 
parasitic.10 Isopods are widely seen on teleosts in tropical and sub-
tropical waters, clinging to the body surface, in the mouth, or on 
the gills. The body is divided into three sections: the head, which is 
unsegmented and carries two pairs of  antennae; a pair of  variable-
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sized eyes; and a mouth. Most of  them are ectoparasites.11 One of  
the key characteristics of  parasitic isopods is that they are often 
maritime and prefer warmer oceans.12 They inflict harm similar to 
other copepods, but the most significant effect of  isopod infection 
is the loss of  host tissue caused by the parasite’s body pressure.13 
The cymothoidae life cycle involves only one host (the Holoxenic 
cycle), and they connect to fish early in life and go through a male 
stage (cymothoids are protandrous hermaphrodites).12

	 When working with fish, disease prevention is usually 
more satisfying than treatment. As a result, avoid acquiring or in-
troducing fish to a freshly constructed tank that demonstrates ab-
errant swimming behavior. Signs of  fin and body injuries.14 A com-
plete fish health management program should, in most situations, 
be founded on the concepts of  water quality, nutrition, sanitation, 
and quarantine Khan et al.15 There are many reviews published on 
parasites in livestock, but there are few reviews published on fish 
parasites. Therefore, the main objective of  this review is to provide 
an overview of  the ectoparasites of  fish.

CRUSTACEAN PARASITES

There are three major Ergasilidea kinds of  parasitic crustaceans 
affecting commercially important aquaculture species, the majority 
of  which are external parasites: copepods (Ergasilidea and Lernaei-
dae), Branchiura (Argulidae), and isopods (Branchiura).15 These 
parasites are numerous and found in fresh, brackish, and salt-water 
aquaculture systems all over the world. Branchiura (Argulidae) and 
isopods with parasitic sexes are larger than copepods, which are 
normally tiny to microscopic.16

	 Crustacean parasites have three bodily parts: the head, the 
thorax, and the abdomen. These zones are difficult to differentiate 
due to the merging of  diverse sections. Branchiura (Argulidae) and 
isopods with parasitic sexes are larger than copepods, which are 
normally tiny to microscopic.6,17

	 When present in modest quantities, they usually inflict 
very minor damage to their hosts. However, in the case of  severe 
infections, serious damage to skin, muscles, and gill tissue, as well 
as secondary infections, can develop.2 Many parasitic crustaceans 
have free-living larvae.4 Most freshwater parasite crustaceans are 
visible to the naked eye as they adhere to the host’s gills, body, and 
fins.6

	 Branchiura species show wide-ranging morphophysi-
ological differences, allowing them to exist in a variety of  habi-
tats and lifestyles, ranging from planktonic species to parasites.18-21 
However, parasitic species require a host at least once during their 
life cycle. In contrast, ergasilids vary in their amount of  host speci-
ficity; some are only exclusive to their host genus (for example, 
ergasilids infecting Cichlidae). Others are more opportunistic in 
their host selection.2

	 Copepods are the most common crustacean fish para-
sites, and male parasitic copepods die after copulation in the pre-
adult stages; thus, those seen attached to fish are usually mature 

females with conspicuous paired egg sacs at the posterior end.3,16

COPEPODS

Copepods have been parasitic on fish since the lower Cretaceous 
period, perhaps 110 to 120 million years ago. Almost 30 copepod 
groups have parasites that use fish as hosts, with the majority only 
found on fish.5 The Lernaeidae family includes freshwater parasites 
that are highly adapted to a parasitic lifestyle, cephalothoraxes that 
account for half  or more of  the body length, the parasite body 
part is segmented with the thorax (except the first segment, which 
is fused with the head), and the abdomen is distinct.16,22 Given the 
worldwide distribution of  anchor worm-infected fish,23,24 L. cypri-
nacea infection can have a deleterious impact on host dynamics at 
the individual, population, and community levels.25 Only sub-adult 
and adult females exist in fish gills, and a few genus paraergasilus 
are attached in places other than gills.26

Characteristics of the Copepod

The connection of  copepods with biotic aspects of  the aquatic en-
vironment is traced through topical, trophic, behavioral, and par-
asite-host relationships with other species. Copepods serve a sig-
nificant ecological function in the transmission of  parasites found 
in vertebrates as ultimate hosts. Copepods also have an important 
ecological role by acting as bastions (habitat) for various suctori-
ans, chonotrich and peritrich ciliates, fungi, and bacteria. Season-
ally, the prevalence of  copepod species was highest before heavy 
rain and lowest during the monsoon. However, P. varunae is more 
common before heavy rain. During the post-heavy rain season, all 
copepod species had a high prevalence.27 Copepods’ potential ef-
fects on their fish hosts are difficult to quantify, especially in wild 
fish like.28 Despite this, the prevalence of  many parasites changes 
greatly from season to season. Investigations into the seasonality 
of  parasite incidence were still limited.29

The Life Cycle of a Copepod

Copepods have two primary life cycles: Nauplius and Copepod. 
The egg usually hatches into a Nauplius larva, which has a tiny, 
unsegmented body and only three pairs of  functional appendages: 
antennules, antennae, and mandibles. There are a maximum of  
six Nauplius stages (designed NI-NVI: Nauplius stage one up to 
stage six), and all six are retained in most free-living copepods and 
some parasitic copepods. Nauplius can be planktotrophic, feed-
ing on other planktonic species, or lecithotrophic, feeding on yolk 
reserves. Lecithotrophic Nauplius is distinguished by the reduced 
station on the three limb pairs and the absence of  the so-called 
Nauplius feeding process on the antenna’s coxa. The last nauplius 
stage (NVI) also experiences a metamorphic molt to the first cope-
pod, which includes a segmented body, a full adult set of  cephalic 
appendages, and the first and second swimming legs.8

	 There is a maximum of  five copepod phases (named 
CoI-CoV: Copepod stages one up to Copepod five) in free-living 
copepods, and one body somite is added at each molt through this 
phase. The fifth copepod stage molts into an adult in both sexes.30 
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This is the last or definitive molt, and the female becomes sexu-
ally receptive to molting. Mating occurs shortly after the female 
becomes sexually receptive, and adult males may participate in pre-
copulatory mate guarding, holding pre-adult females until the final 
molt.

	 Only the female Ergasilidae is parasitic and lives on the 
gills of  fish. Males are free-living, and larval development includes 
three to six stages of  nauplii and four to six stages of  copepodites 
(lasting from 10-days to over a month). Free-living stages feed on 
nanoplankton.2 The quantity of  eggs (20-100) varies by species as 
well as age and metabolic health, which are controlled by the at-
tachment position on the gills. Temperature-dependent hatching 
time is 3 to 6-days at an ideal ambient temperature. Elevated salin-
ity has been shown to slow larval growth.22

	 Females linked to the gills lay eggs in two sacs attached 
to the vaginal region. Females undergo metamorphosis, insert their 
anterior body into the host tissue, and then generate eggs when 
males mate on the fish host and die.30-32

	 Lernaeidae (anchor worms) have a complicated life cycle 
with multiple larval stages, each of  which is a molt.16 There are 
three nauplii, five copepod phases, a pre-adult stage, and an adult 
stage. Copepods and adult females were discovered on the same 
host, implying that at least some can complete their life cycle on a 
single host. In lower temperatures, just one generation may occur 
every year, whereas in warmer areas, the life cycle might be com-
pleted in 12 to 14-days (Figure 1).4

Pathogenesis Copepods 

Small crustaceans, or copepods, are common parasites on the gills 

of  aquarium and pond fish, causing gill obstruction and fish death 
from anoxia.7 Copepods were grazing on gill tissue, and their feed-
ing activity was linked to gill damage such as epithelial hyperpla-
sia, telangiectasis, and hemorrhage. Copepodites can damage and 
necrotize the epithelium of  fish gills or the buccal cavity. Parasitic 
copepods cause direct harm to their hosts through attachment 
mechanisms and feeding activities. Ectoparasites attach via clawed 
limbs, and penetration of  the skin by the claws generates local le-
sions, the pathophysiology of  which varies depending on size and 
other parameters.14

	 The severity of  these diseases is determined by the fol-
lowing factors: the life stage, species, and number of  crustaceans 
present; the age and species of  fish present; and the areas of  infec-
tion. The parasitic copepod family Lernaeidae causes dermatosis, a 
condition that can have major harmful effects on its fish hosts.31

	 Lernaea or Anchor Worm parasites cause it, with L. cypri-
nacea being the most common. The mature female is a worm-like 
fish parasite that burrows into the fish’s flesh and keeps its egg cas-
ings jutting out of  the fish’s body. Males attack the fish and are not 
adapted to parasitism. Parasites feed on blood and epithelium and 
are discovered attached to gill filaments. They may later be discov-
ered on the fins and body. The infection causes decreased breath-
ing, epithelial enlargement, anemia, slowed growth, agitation, and, 
eventually, death. Secondary infection, particularly fungus, makes 
the fish vulnerable.33

Epidemiology of Copepods

The revision of  the family Lernaeidae has identified 12 legiti-
mate species in this genus. The genus Lernaeenicus was recently 
described by Gopalakrishnan et al.34 Infections with ergasilids are 
usually modest in African lakes and rivers. During the dry season, 
restricted fish may become infected in environments such as re-
gressing pools in river beds. It has been reported that significant 
infections play a role in the mass mortality of  this fish that occurs 
at times in the lakes.22

	 When their hosts are translocated, the exacting, nutri-
tional, and environmental needs of  the free-living stages appear to 
limit Ergasilid dispersal. This is emphasized by the fact that only 
a few species of  Ergasilus and related copepod genera have ever 
established themselves in the pond.34

Prevention and Treatment of Copepods Disease

In most circumstances, a comprehensive fish health management 
program should be founded on the concepts of  water quality, nu-
trition, sanitation, and quarantine.15 Disease prevention is always 
more satisfying than disease treatment. As a result, avoid acquiring 
or adding fish to a newly formed tank that demonstrates strange 
swimming behavior. Signs of  fin and body injury.14

	 Ergasilus can be treated with a 3% salt dip followed by a 
0.2% extended dip for three-weeks (Drug Authority and Control 
Agency (DACA)).35 Lernaea is exceedingly difficult to control be-

Figure 1. The life cycle of Copepod, Source: The eggs hatch and develop through 6 
naupliar stages (N1-N6) and then 5 copepodite stages (C1-C5) before becoming adults 

(C6) Abdulhussain A.33
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cause therapy primarily affects free-living larvae.16

BRANCHIURA 

Branchiura consists of  approximately 175 species, divided into 
four genera and put into a single family, the Argulidae. The body 
of  an Argulus (fish lice) consists of  five limb-bearing segments, 
a trunk separated into a thoracic region containing four pairs of  
powerful swimming legs, and a short abdomen with a single bi-
lobed unit caudal fin.9

	 The genus Argulus contains the most common Branchi-
ura members. Many studies have found that parasites and other 
illnesses are transmitted through freshwater fish all over the world. 
Over 170 Argulus species have been identified in freshwater and 
marine fish.36 Dorso-ventral flattening and dorsally covered by a 
rounded or horseshoe-shaped carapace for attachment, ventral 
head appendages are created. Argulus species are causing signifi-
cant losses in fish stocks in various nations. These species have 
been documented from marine fish farming operations in nations 
such as Chile, Canada, and Norway. Furthermore, they can cause 
mortality in farmed fish stocks.37,38 As a result, the current study 
was designed to look at Argulus species, which are common para-
site diseases in freshwater fish.36

Characteristics of Branchiura 

Argulus fish lice are frequent parasites seen in fish. It is a big ec-
toparasite that may migrate across the fish's body surface. Argu-
lus species (Family: Argulidae) are frequent freshwater fish para-
sites.39 Many studies have found that parasites and other illnesses 
are transmitted through freshwater fish all over the world. Argulus 
species are depleting fish stocks in several countries. These spe-
cies have been documented from marine fish farming operations 
in Chile, Canada, and Norway, among other places. Furthermore, 
they can be lethal in farmed fish stocks.37,44 As a result, the current 
study was designed to look at Argulus species, which are common 
parasite infections in freshwater fishes.36

Life-cycle Branchiura 

Males in the genus Argulus and Dolops deposit spermatophore 
onto females, and once the eggs are fertilized, the females leave the 
host organism to lay their eggs on surfaces such as plants, rocks, 
and so forth.40 Males and females can both live in the wild for up 
to 15-days. Males transmit sperm directly to females via a variety of  
modified structures on the third and fourth thoracic legs in most 
brachyurans.41 Argulus species have a direct life cycle using fish as 
hosts. In other words, Argulus species live for the majority of  their 
life cycle on fish species as hosts.42

	 Argulus is well-known, but nothing is known about the 
other genera or marine species. After consuming a meal, a mature 
female Argulus will leave its host and begin to lay eggs in rows 
on any hard, submerged surface in freshwater species. At any one 
time, up to 1200 eggs are laid and glued to the substrate. The aban-
doned eggs hatch between 12 and 80-days, depending on the spe-

cies, although development time is also highly dependent on tem-
perature. Eggs in a string hatch in about a week. These eggs hatch 
into free-swimming larvae with setose swimming antennae and 
mandibles, as well as rudiments of  the maxillae and the first two 
pairs of  swimming legs. These larvae serve as a dispersion phase 
before molting into the second stage, in which powerful claws re-
place the setae on the antenna and the mandible's setose palp is 
destroyed.43 The first larval stage lasts around six-days, with molts 
occurring at regular intervals until maturity. Branchiurans appear 
to leave the host and then find a new host at intervals throughout 
development. Except for the maxillae, which undergo a profound 
metamorphosis around the fifth larval stage, changing from a long 
limb-bearing to a powerful distal claw into a short but powerful 
circular sucker, changes during the larval phase are gradual.44

Pathogenesis Branchiura 

Argulus or fish? Lice is a widespread Branchiura parasite found in 
fish and has also been found in frog tadpoles. It is a big ectopara-
site that may migrate across the body surface of  the fish. All life 
stages of  both sexes are parasitic.10 It clings to its host, generally 
a fish, with suction cups, pierces the skin with its sharp style, and 
feeds on blood. It could live in the gills.45

	 A severe infestation produces skin inflammation, open 
hemorrhaging wounds, increased mucus production, scale loss, 
and fin erosion. The wounds are frequently infected with bacteria 
and fungi, which further damage the skin layer. Anemic fish might 
develop during feeding; the louse injects digestive enzymes to start 
breaking down host tissues before absorption. Infested fish may 
exhibit behavioral indications such as erratic swimming and rub-
bing up against aquarium walls, as well as a decrease in appetite and 
reduced growth.46 Stress and mortality sites become hemorrhagi-
cally ulcerated as a result of  injury and infection. When the skin, 
fins, and gills get contaminated, mucus is secreted.45

	 The distinction between Dolops spp. and Argulus sp. is 
that Argulus sp. possesses suction discs, which are modified first 
maxillae, whereas Dolops spp. contains hooks and accompanying 
spines. They either pierce the host’s skin and suck blood and oth-
er internal fluids, or they feed on mucus and skin sloughed off  by 
the host. Fish lice and other attached ectoparasites cause epithe-
lium damage and stress responses, which can lead to secondary 
consequences.47

Epidemiology Branchiura

Argulus foliaceus (Crustacea, Branchiura) is a branchiuran parasite 
found on a broad variety of  fish species, as well as amphibian tad-
poles. Common fish live in marine, brackish, and freshwater set-
tings.48

	 In Africa, 29 indigenous species of  fish from various 
families can be found. Argulus africanus and Dolops ranarum are op-
portunists that can be found in a variety of  fish throughout Afri-
ca’s major systems. D. ranarum is the only ubiquitous argulid that is 
possibly pathogenic to farmed fish. The late Albertianus of  Lakes 
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Albert and Kyoga, as well as the Victoria Nile, are infected with D. 
ranarum. Japonicus is exposed to a major pest of  farmed carp that 
was previously rarely observed on pond-reared carp.22

Prevention and Treatment of Branchiura 

Argulus foliaceus will readily deposit its eggs on hard items such as 
wooden boards, which can be removed from the water to lower the 
egg load in the fishery.49 A short bath in a sodium chloride solution 
can lower the parasite burden on a fish, but this treatment must be 
done carefully because too short a bath or to dilute a solution is in-
effective, while too long or too intense a bath can injure the fish.50

ISOPOD  

In tropical and subtropical seas, isopods are regularly encountered 
on teleosts clinging to the body surface, in the mouth, or on the gills. 
The body is divided into three sections: the head, which is unseg-
mented and has two pairs of  antennae, two pairs of  variable-sized 
eyes, and a mouth. The vast majority of  them are ectoparasites.11

	 Cymothoids, epicaridians, and gnathiids are the three 
main groups. Cymothoids are fish parasites that exist in both juve-
nile and adult forms. Epicaridians are crustacean parasites as adults 
and immatures. Gnathiids are fish larval parasites that are free-liv-
ing and non-feeding adults. Cymothoids and epicaridians appear to 
have a close genetic relationship, although gnathiids appear to have 
developed from separate isopod lines.41 

Characteristics of Isopods

The bulk of  crustaceans are aquatic, and the isopods are one of  the 
few groups whose members now dwell on land.51 One of  the most 
distinguishing features of  parasitic isopods is that they are frequently 
maritime and live in warmer oceans.12 These are the isopods that are 
regularly encountered on teleosts, fish subclasses, and in tropical and 
subtropical waters, clinging to the body surface, in the mouth, or on 
the gills.11,52 Male cymothoids are often narrower than females, and 
the ratio of  length to breadth has been employed as a measure of  
femininity.53,54

Life Cycle of Isopods

Gravid females deposit their eggs in a brood pouch, or marsupium, 
produced by their ventral oostegites. Cymothoidae have only one 
host (the Holoxenic cycle), attach early in life to fish, and go through 
a male stage (Cymothoids are protandrous hermaphrodites).12

	 The first male parasitizing a fish transforms into a female. 
Males who connect to the same fish stay males. It appears likely that 
the female releases a pheromone or neurohormone that limits fur-
ther growth of  males before becoming females or that the presence 
of  a mature female stops male-stage specimens from further devel-
opment.41

Pathogenesis Isopod 

Isopod parasites have gotten a lot of  attention in the scientific 

community since they generate a lot of  problems for fisheries. Cy-
mothoid spp. cause severe issues in captive or caged fish. They inflict 
harm similar to other copepods, but the most significant effect of  
isopod infection is the loss of  host tissue caused by the parasite's 
body pressure. On the fish, there is pressure necrosis at the site of  
the dwelling region. The degree of  harm to fish varies according 
to the site of  attachment and the isopod-to-host ratio. A lesion to 
the integument induces hyperplasia, or desquamation, followed by 
cutaneous inflammation and necrosis.13

	 Secondary infections arise as cymothoids with their pe-
reopods and mouthparts penetrate the skin, and the tissue-dwelling 
forms keep a little hole to the outside. They may provide entrance 
routes for microbial illnesses through the wounds they generate.12

Epidemiology Isopod

Cymothiod isopods (Lironeca spp.) have been found in African 
freshwater fish (presumably as marine remnants) in the Congo 
basin (in cichlids, clupeids, and citharinids). Cymothiod isopods 
(Lironeca spp.) have been found in African freshwater fish (pre-
sumably as marine relics) in the Congo basin (in cichlids, clupeids, 
and citharinids). Parasitic isopods are commonly found in warmer 
oceans, and infections have been documented in euryhaline fish in 
estuaries.22

	 The prevalence, intensity, host/site specificity, and sea-
sonal fluctuation of  parasitic isopods infecting clupeidaen fish on 
the Malabar coast (India) were studied. Even though the incidence 
of  many parasites varies noticeably from season to season, research 
on the seasonality of  parasitic occurrence is relatively limited.29

Prevention and Treatment of Isopod

Because infection by the planktonic phase is a common occurrence, 
no unique control or therapeutic measures against isopods have been 
adopted. Quarantine is the first line of  defense (with close observa-
tion of  new fish), mechanical removal with forceps is sometimes 
possible, osmotic shock (freshwater or saltwater dips) is sometimes 
effective, water treatments with organophosphates are sometimes 
warranted, and diflubenzuron may also be effective. When contem-
plating isopod infection treatments, keep in mind that some isopods 
can detach from and live apart from their hosts for extended periods 
of  time. Isopods can be mechanically removed from aquarium fish 
and preserved in 10% formalin or 70% ethanol and stored in 70% 
ethanol (151 proof  rum will do) or 40% isopropanol (rubbing al-
cohol). When dealing with gnathiid diseases, keep in mind that only 
the larvae are parasitic and that adults can be found on the substrate. 
Thus, treating diseased fish without correcting their habitat may only 
provide short-term relief. It is particularly critical to recognize the 
risk of  secondary infections associated with severe isopod infec-
tions.16,54

CONCLUSION AND RECOMMENDATIONS

External parasitic infestations by crustaceans are a significant 
concern for both wild and cultivated fish populations. Copepods 
(Ergasilidae and Lernaeidae), Branchiura (Argulidae), and Isopods 
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are among the most common parasitic crustaceans affecting fish. 
These parasites can lead to gill obstruction, mechanical damage, 
stress, secondary infections, and other health issues. Effective 
prevention and management strategies, including quarantine, water 
quality management, sanitation, mechanical removal, freshwater or 
saltwater dips, and chemical treatments, can help reduce the impact of  
these parasites on fish health and productivity. As the understanding 
of  host-parasite interactions continues to evolve, the development 
of  innovative control methods remains essential to safeguarding fish 
populations and ensuring their long-term sustainability.

Hence, the following recommendations are rewarded based on the 
above conclusion:

• Veterinarians require greater information and knowledge regarding 
crab parasites.
• Caution should be exercised while introducing new fish into the 
population.
• Studies on the life cycle and physiology of  crustacean parasites 
to determine the best chemical (drug) at the right moment are 
recommended.
• Further research on the epidemiology and ecology of  external 
parasites, particularly crustaceans, should be encouraged.

DATA AVAILABILITY

All the datasets generated or analysed during this study are included 
in this manuscript.

AUTHORS’ CONTRIBUTIONS 

IAK and HFG Study conception, data collection, designed the 
study, and drafted and wrote the manuscript; ADA, SK and GD 
edited the manuscript, revised it, and searched the references. All 
authors have approved the submission of  the final manuscript.

FUNDING STATEMENT 

The current study was conducted without the support of  funding 
sources.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of  interest.

REFERENCES

1. Ortega-Hernández J. Making sense of  ‘lower’ and ‘upper’ stem-
group Euarthropoda, with comments on the strict use of  the name 
Arthropoda von Siebold, 1848. Biological Reviews. 2016; 91(1): 255-
273. doi: 10.1111/brv.12168

2. Johnson SC, Bravo S, Nagasawa K, Kabata Z, Hwang J, 
Ho J, Shih CT. A review of  the impact of  parasitic cope-
pods on marine aquaculture. Zoological Studies. 2004; 43(2): 
229-243. Website. https://www.researchgate.net/profile/
Sandra-Bravo2/publication/44069758_A_review_of_the_

impact_of_parasitic_copepods_on_marine_aquaculture/
links/5489aa360cf214269f1ab6e3/A-review-of-the-impact-of-
parasitic-copepods-on-marine-aquaculture.pdf. Accessed October 
25, 2023.

3. Nizar TS, Raveendran M, Parambil SC, Kappalli S. The occur-
rence of  parasitic copepods and isopods infesting the marine tele-
ost fishes of  Kerala coast, India. J Parasit Dis. 2021; 45: 78-88. doi: 
10.1007/s12639-020-01268-8

4. Marquardt WC, Demaree RS, Grieve RB. Parasitology and Vector 
Biology. 2nd ed. NY, USA: Harcourt Academic Press; 2000: 527-534.

5. Ahne W, Bjorklund HV, Essbauer S, Fijan N, Kurath G, Winton 
JR. Spring viremia of  carp (SVC). Dis Aquat Organ. 2002; 52(3): 
261-272. doi: 10.3354/dao052261

6. Chandra KJ. Fish parasitological studies in Bangladesh: A re-
view. Journal of  Agriculture & Rural Development. 2006; 4(1): 9-18. doi: 
10.3329/jard.v4i1.762

7. Studdert VP, Guy CC, Blood DC. Comprehensive Veterinary Dic-
tionary. 4th ed. MO, USA: Saunders; 2012: 280. doi: 10.3329/bjvm.
v16i1.37381

8. Andrew TG, Huchzermeyer KD, Mbeha BC, Nengu SM. Epizo-
otic ulcerative syndrome affecting fish in the Zambezi River system 
in southern Africa. Vet Rec. 2008; 163(21): 629-631. doi: 10.1136/
vr.163.21.629

9. Soes DM, Walker PD, Kruijt DB. The Japanese fish louse Ar-
gulus japonicus new to The Netherlands. Lauterbornia. 2010; 70: 
11-17.

10. Degidio JM, Yanong RP, Watson CA, Ohs CL, Cassiano EJ, 
Barden K. Spawning, embryology, and larval development of  
the milletseed butterflyfish Chaetodon miliaris in the laboratory. 
North American Journal of  Aquaculture. 2017; 79(3): 205-215. doi: 
10.1080/15222055.2017.1302025

11. Grutter AS. Feeding ecology of  the fish ectoparasite Gnathia 
sp. (Crustacea: Isopoda) from the Great Barrier Reef, and its im-
plications for fish cleaning behavior. Marine Ecology Progress Series. 
2003; 259: 295-302. doi: 10.3354/meps259295

12. Ravichandran S, Rameshkumar G, Balasubramanian T. Infesta-
tion of  isopod parasites in commercial marine fishes. J Parasit Dis. 
2010; 34: 97-98. doi: 10.1007/s12639-010-0014-3

13. Rajkumar M, Perumal P, Trilles JP. Cymothoa indica (Crustacea, 
Isopoda, Cymothoidae) parasitizes the cultured larvae of  the Asian 
seabass Lates calcarifer under laboratory conditions. Dis Aquat Or-
gan. 2005; 66(1): 87-90. doi: 10.3354/dao066087

14. Steckler N, Yanong RP. Argulus (Fish Louse) infections in 
fish: FA184, 11/2012. EDIS. 2013; 2013(2). doi: 10.32473/edis-
fa184-20128

http://dx.doi.org/10.17140/VMOJ-8-179
http://doi.org/10.1111/brv.12168
https://www.researchgate.net/profile/Sandra-Bravo2/publication/44069758_A_review_of_the_impact_of_parasitic_copepods_on_marine_aquaculture/links/5489aa360cf214269f1ab6e3/A-review-of-the-impact-of-parasitic-copepods-on-marine-aquaculture.pdf
https://www.researchgate.net/profile/Sandra-Bravo2/publication/44069758_A_review_of_the_impact_of_parasitic_copepods_on_marine_aquaculture/links/5489aa360cf214269f1ab6e3/A-review-of-the-impact-of-parasitic-copepods-on-marine-aquaculture.pdf
https://www.researchgate.net/profile/Sandra-Bravo2/publication/44069758_A_review_of_the_impact_of_parasitic_copepods_on_marine_aquaculture/links/5489aa360cf214269f1ab6e3/A-review-of-the-impact-of-parasitic-copepods-on-marine-aquaculture.pdf
https://www.researchgate.net/profile/Sandra-Bravo2/publication/44069758_A_review_of_the_impact_of_parasitic_copepods_on_marine_aquaculture/links/5489aa360cf214269f1ab6e3/A-review-of-the-impact-of-parasitic-copepods-on-marine-aquaculture.pdf
https://www.researchgate.net/profile/Sandra-Bravo2/publication/44069758_A_review_of_the_impact_of_parasitic_copepods_on_marine_aquaculture/links/5489aa360cf214269f1ab6e3/A-review-of-the-impact-of-parasitic-copepods-on-marine-aquaculture.pdf
http://doi.org/10.1007/s12639-020-01268-8
http://doi.org/10.3354/dao052261
http://doi.org/10.3329/jard.v4i1.762
http://doi.org/10.3329/bjvm.v16i1.37381
http://doi.org/10.3329/bjvm.v16i1.37381
http://doi.org/10.1136/vr.163.21.629
http://doi.org/10.1136/vr.163.21.629
http://doi.org/10.1080/15222055.2017.1302025
http://doi.org/10.3354/meps259295
http://doi.org/10.1007/s12639-010-0014-3
http://doi.org/10.3354/dao066087
http://doi.org/10.32473/edis-fa184-20128
http://doi.org/10.32473/edis-fa184-20128


Kebede IA, et al

Vet Med Open J. 2023; 8(2): 66-73. doi: 10.17140/VMOJ-8-179

72Review | Volume 8 | Issue 2 |

15. Khan CM, Scott L, Dana GA, Dave PA, Leo BJ, Katherine EQ. 
Merck’s Veterinary Manual. 8th ed. Reference Reviews. 2006: 20(2): 40. 
doi: 10.1108/09504120610647492

16. Jithendran KP, Natarajan M, Azad IS. Crustacean para-
sites and their management in brackishwater fi nfi sh cul-
ture. 2008. Website. https://krishi.icar.gov.in/jspui/
bitstream/123456789/3865/1/112-Jithendran%20-crustacean-
parasites.pdf. Accessed October 25, 2023.

17. Alas A, Oktener A, Solak K. A study on the morphology of  Ar-
gulus foliaceus Lin., 1758 (Crustacea; Branchiura) procured from 
Cavuscu Lake (Central Anatolia-Turkey) with scanning electron 
microscopy. Turkish Journal of  Biology. 2010; 34(2): 147-151. doi: 
10.3906/biy-0811-27

18. Martin JW, Davis GE. An updated classification of  the recent 
Crustacea. Contributions in Science. 2001. Website. https://www.vliz.
be/imisdocs/publications/ocrd/121258.pdf. Accessed October 
25, 2023.

19. Boxshall GA, Defaye D. Global diversity of  copepods (Crus-
tacea: Copepoda) in freshwater. Hydrobiologia. 2008; 595: 195-207. 
doi: 10.1007/s10750-007-9014-4

20. Wilson SK, Fisher R, Pratchett MS, et al. Exploitation and 
habitat degradation as agents of  change within coral reef  fish 
communities. Global Change Biology. 2008; 14(12): 2796-2809. doi: 
10.1111/j.1365-2486.2008.01696.x

21. Luque JL, Pavanelli G, Vieira F, Takemoto R, Eiras J. Checklist 
of  Crustacea parasitizing fishes from Brazil. Check List. 2013; 9(6): 
1449-1470. doi: 10.15560/9.6.1449

22. Abowei JF, Ezekiel EN. A review of  acanthocephla, leeches, 
parasite crustaceans, and some other parasites of  miscellaneous 
taxa infections in African fish. International Journal of  Animal and 
Veterinary Advances. 2011; 3(5): 337-351.

23. Avenant-Oldewage A. Lernaea cyprinacea and related species. 
In: Fish Parasites: Pathobiology and Protection. Wallingford, UK: CABI; 
2012: 337-349. doi: 10.1079/9781845938062.0337

24. Sharifian I. On the occurrence of  the parasite, Lernaea cypri-
nacea from common carp, Cyprinus carpio farmed in ponds and 
rice fields. Comp Clin Pathol. 2015; 24: 1435-1438. doi: 10.1007/
s00580-015-2091-2

25. Mouritsen KN, Poulin R. Parasitism, community structure and 
biodiversity in intertidal ecosystems. Parasitology. 2002; 124(7): 101-
17. doi: 10.1017/S0031182002001476

26. Abowei JF, Ezekiel EN. A review of  acanthocephalan, leeches, 
parasite crustaceans, and some other parasites of  miscellaneous 
taxa infections in African fish. International Journal of  Animal and 
Veterinary Advances. 2011; 3(5): 337-351.

27. Williams Jr EH, Bunkley-Williams L. On the generic placement 
of  ‘Livoneca sp.’: A critique of  Colorni et al.(1997). Dis Aquat Or-
gan. 2000; 40(3): 233-234. doi: 10.3354/dao040233

28. Yu H. Study on the Cymothoidae from Chinese waters. Stu-
dia mar. sin. 2003; 45: 223-238. Website. https://cir.nii.ac.jp/
crid/1573387451004393984. Accessed October 25, 2023.

29. Altizer S, Dobson A, Hosseini P, Hudson P, Pascual M, Rohani 
P. Seasonality and the dynamics of  infectious diseases. Ecol Lett. 
2006; 9(4): 467-484. doi: 10.1111/j.1461-0248.2005.00879.x

30. Arthur JR, Bondad-Reantaso MG, Subasinghe RP. Procedures for 
the Quarantine of  Live Aquatic Animals: A Manual. Rome, Italy: Food 
and Agriculture Organizaition of  the United Nations; 2008. Web-
site. https://cir.nii.ac.jp/crid/1130282269728626304. Accessed 
October 25, 2023.

31. Woo PTK. Phylum arthropoda. In: Lester RG, Hayward CJ, 
eds. Fish Diseases and Disorders. CA, USA: CABI; 2006. Website. 
http://tvhdh.vnio.org.vn:8080/dspace/handle/123456789/6311. 
Accessed October 25, 2023.

32. Nagasawa K, Inoue A, Myat S, Umino T. New host records 
for Lernaea cyprinacea (Copepoda), a parasite of  freshwater fishes, 
with a checklist of  the Lernaeidae in Japan (1915-2007). J. Grad. 
Sch. Biosp. Sci. 2007; 46: 21-33. doi: 10.15027/30185

33. Abdulhussain A. Understanding the Direct and Indirect Effects 
of  Algal Toxins on Marine Copepods. [dissertation]. Southampton, 
England: University of  Southampton; 2021: 165.

34. Gopalakrishnan A, Rajkumar M, Sun J, Trilles JP. Occurrence 
of  double parasitism on black-barred halfbeak fish from the south-
east coast of  India. Chin. J. Ocean. Limnol. 2010; 28(4): 832-835. doi: 
10.1007/s00343-010-9919-z

35. Drug Authority and Control Agency (DACA). Standard Treat-
ment Guideline for Veterinary Practice. 2nd ed. Ethiopia 2006: 372-374. 

36. Boxshall G, Walter TC. Argulus vittatus (Rafinesque-Schmaltz, 
1814). 2009. Website. https://www.marinespecies.org/copepoda/
aphia.php?p=taxdetails&id=361327. Accessed October 25, 2023.

37. Schram TA, Iversen L, Heuch PA, Sterud E. Argulus 
sp.(Crustacea: Branchiura) on cod, Gadus morhua from Finnmark, 
northern Norway. Journal of  the Marine Biological Association of  the 
UK. 2005; 85(1): 81-86. doi: 10.1017/S0025315405010866h

38. Catalano SR, Hutson KS. Harmful parasitic crustaceans infect-
ing wild arripids: A potential threat to southern Australian finfish 
aquaculture. Aquaculture. 2010; 303(1-4): 101-104. doi: 10.1016/j.
aquaculture.2010.03.005

39. Saha M, Bandyopadhyay PK. First report of  three species of  
Argulus (Crustacea: Branchiura) infesting red-can Oranda goldfish 
(Carassius auratus auratus) in India. Biolife. 2015; 3(4): 813-819. doi: 

http://dx.doi.org/10.17140/VMOJ-8-179
http://doi.org/10.1108/09504120610647492
https://krishi.icar.gov.in/jspui/bitstream/123456789/3865/1/112-Jithendran%20-crustacean-parasites.pdf
https://krishi.icar.gov.in/jspui/bitstream/123456789/3865/1/112-Jithendran%20-crustacean-parasites.pdf
https://krishi.icar.gov.in/jspui/bitstream/123456789/3865/1/112-Jithendran%20-crustacean-parasites.pdf
http://doi.org/10.3906/biy-0811-27
https://www.vliz.be/imisdocs/publications/ocrd/121258.pdf
https://www.vliz.be/imisdocs/publications/ocrd/121258.pdf
http://doi.org/10.1007/s10750-007-9014-4
http://doi.org/10.1111/j.1365-2486.2008.01696.x
http://doi.org/10.15560/9.6.1449
http://doi.org/10.1079/9781845938062.0337
http://doi.org/10.1007/s00580-015-2091-2
http://doi.org/10.1007/s00580-015-2091-2
http://doi.org/10.1017/S0031182002001476
http://doi.org/10.3354/dao040233
http://doi.org/10.1111/j.1461-0248.2005.00879.x
https://cir.nii.ac.jp/crid/1130282269728626304
http://tvhdh.vnio.org.vn:8080/dspace/handle/123456789/6311
http://doi.org/10.15027/30185
http://doi.org/10.1007/s00343-010-9919-z
https://www.marinespecies.org/copepoda/aphia.php?p=taxdetails&id=361327
https://www.marinespecies.org/copepoda/aphia.php?p=taxdetails&id=361327
http://doi.org/10.1017/S0025315405010866h
http://doi.org/10.1016/j.aquaculture.2010.03.005
http://doi.org/10.1016/j.aquaculture.2010.03.005


Kebede IA, et al

Vet Med Open J. 2023; 8(2): 66-73. doi: 10.17140/VMOJ-8-179

73 Review | Volume 8 | Issue 2 |

10.17812/blj.2015.3411

40. Poly WJ. Global diversity of  fishlice (Crustacea: Branchiura: 
Argulidae) in freshwater. Hydrobiologia. 2008; 595(1): 209-212. doi: 
10.1007/s10750-007-9015-3

41. Rohde K. Marine Parasitology. 1st ed. Clayton, Australia: Csiro 
Publishing; 2005: 123-147. doi: 10.5455/ajvs.112192

42. Mousavi HE, Behtash F, Rostami-Bashman M, Mirzargar SS, 
Shayan P, Rahmati-holasoo H. Study of  Argulus spp. infestation 
rate in Goldfish, Carassius auratus (Linnaeus, 1758) in Iran. Human 
and Veterinary Medicine. 2011; 3(3): 198-204.

43. Gresty KA, Boxshall GA, Nagasawa K. The fine structure and 
function of  the cephalic appendages of  the branchiuran parasite, 
Argulus japonicus Thiele. Philosophical Transactions of  the Royal 
Society of  London. Series B: Biological Sciences. 1993;  339(1287): 119-
135. doi: 10.1098/rstb.1993.0009

44. Rushton-Mellor SK, Boxshall GA. The developmental sequence 
of  Argulus foliaceus (Crustacea: Branchiura). Journal of  Natural 
History. 1994; 28(4): 763-785. doi: 10.1080/00222939400770391

45. Noaman V, Chelongar Y, Shahmoradi AH. The first record of  
Argulus foliacesus (Crustacea: Branchiura) infestation on lion head 
goldfish (Carassius auratus) in Iran. Iran J Parasitol. 2010; 5: 71-76.

46. Palacios-Fuentes P, Landaeta MF, Muñoz G, Plaza G, Ojeda FP. 
The effects of  a parasitic copepod on the recent larval growth of  a 
fish inhabiting rocky coasts. Parasitol Res. 2012; 111: 1661-1671. doi: 
10.1007/s00436-012-3005-8

47. Møller OS, Olesen J, Avenant-Oldewage A, Thomsen PF, 
Glenner H. First maxillae suction discs in Branchiura (Crustacea): 

development and evolution in light of  the first molecular phyloge-
ny of  Branchiura, Pentastomida, and other “Maxillopoda”. Arthro-
pod Struct Dev. 2008; 37(4): 333-346. doi: 10.1016/j.asd.2007.12.002

48. Radkhah AR. Introduction to some species of  Argulus (Crus-
tacea: Branchiura), parasitic infections in the freshwater fishes. 
Journal of  Applied Sciences and Environmental Management. 2017; 21(7): 
1268-1271. doi: 10.4314/jasem.v21i7.7

49. Harrison AJ, Gault NF, Dick JT. Diel variation in egg-laying by 
the freshwater fish louse Argulus foliaceus (Crustacea: Branchiura). 
Dis Aquat Organ. 2007; 78(2): 169-172. doi: 10.3354/dao01863

50. Vasilean I, Cristea V, Dediu L. Researches regarding the argu-
losis treatment to Huso huso juveniles with NaCl. Lucrări Ştiinţifice 
- Seria Zootehnie. 2012; 58: 203-207.

51. Broly P, Deville P, Maillet S. The origin of  terrestrial isopods 
(Crustacea: Isopoda: Oniscidea). Evolutionary Ecology. 2013; 27: 461-
476. doi: 10.1007/s10682-012-9625-8

52. Ravichandran S, Rameshkumar G, Balasubramanian T. Infesta-
tion of  isopod parasites in commercial marine fishes. J Parasit Dis. 
2010; 34(2): 97-98. doi: 10.1007/s12639-010-0014-3

53. Martin MB, Bruce NL, Nowak BF. Redescription of  Ceratoth-
oa carinata (Bianconi, 1869) and Ceratothoa oxyrrhynchaena Koel-
bel, 1878 (Crustacea: Isopoda: Cymothoidae), buccal-attaching fish 
parasites new to Australia. Zootaxa. 2013; 3683(4): 395-410. doi: 
10.11646/zootaxa.3683.4.4

54. Rameshkumar G, Ravichandran S. Problems caused by isopod 
parasites in commercial fishes. J Parasit Dis. 2014; 38(1): 138-141. 
doi: 10.1007/s12639-012-0210-4

Submit your article to this journal | https://openventio.org/submit-manuscript/

http://dx.doi.org/10.17140/VMOJ-8-179
http://doi.org/10.17812/blj.2015.3411
http://doi.org/10.1007/s10750-007-9015-3
http://doi.org/10.5455/ajvs.112192
http://doi.org/10.1098/rstb.1993.0009
http://doi.org/10.1080/00222939400770391
http://doi.org/10.1007/s00436-012-3005-8
http://doi.org/10.1016/j.asd.2007.12.002
http://doi.org/10.4314/jasem.v21i7.7
http://doi.org/10.3354/dao01863
http://doi.org/10.1007/s10682-012-9625-8
http://doi.org/10.1007/s12639-010-0014-3
http://doi.org/10.11646/zootaxa.3683.4.4
http://doi.org/10.1007/s12639-012-0210-4

	Corresponding Author
	Article Information
	Cite this Article
	ABSTRACT
	Keywords

	INTRODUCTION
	CONCLUSION
	CONFLICTS OF INTEREST
	REFERENCES

