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Abstract. The movement of live aquatic animals crossing international borders is a regular activity for 
economic, social, and public resource development. A survey was carried out to investigate the prevalence of 
parasites translocated with imported ornamental fishes. Exotic diseases from imported fish have a potential 
hazard of biosecurity. A sample of 138 imported ornamental fish originating from Thailand and Sri Lanka 
were collected from pet shops around Muscat governorate and examined for ectoparasites. Parasitological 
examination was based on a visual macro and microscopic examination of fish’s exterior. The findings of 
the current survey of imported ornamental fish revealed that 50.72% of the imported ornamental fish were 
infected by the one or more of ectoparasites species including Ichthyophthirius multifiliis, Dactylogyrus 
sp., Gyrodactylus sp., digenean metacercaria and Trichodina sp. Parasitic infection of the gills (55.795) was 
higher than the skin (42.75%). The most prevalent parasite in skin infection was Gyrodactylus sp. (14.49%) 
but this was absent from the gills which was dominated by digenean metacercaria (26.08%). The existence 
of such parasitic organisms could pose a threat to native fish populations and the aquaculture sector. It is 
recommended that a risk analysis method based on the detection and assessment of fish diseases found in 
live ornamental fish be established and used. Also, exotic pathogenic parasites, as well as their hosts, must 
be closely monitored to reduce the likelihood of infections being introduced into new areas.
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الخلاصــة: تعــتبر حركــة الحيوانــات المائيــة الحيــة عبر الحــدود الدوليــة نشــاطًاً منتــظمًاا للتنميــة الاقتصاديــة والاجتماعيــة وتطويــر المـوارد العامــة. تــم إجــراء 

اس��تطلاع للتحقي��ق في انتش��ار الطفيلي��ات الخارجي��ة في أسماك الزيـنـة اس��لمتوردة. تم�ث�ل الأم��راض الغريبــة الناجـمـة ع��ن الأسماك المســتوردة خطــًرًا محتــملاًً على 

الأمــن البيولوجــي. تــم جمــع عينــة مــن ١٣٨ ـسـمكة زينـ�ة مس��توردة م��ن تاين�ـلاد وسرين��لاكا ـمـن متاجــر الحيوانــات الأليفــة في محافظــة مســقط وفحصهــا 

للطفيلـيـات الخارجيـ�ة. اس��تند الفح��ص الطف��يلي إلى الفح��ص الـ�بصري والمجهــري للطبقــة الخارجيــة للأسماك. أظهــرت نتائــج الدراســة الحاليــة لأسماك الزينــة 

 Ichthyophthirius multifiliis, Dactylogyrus sp المســتوردة أن 50.72% منه��ا كان�ـت مصاب��ة بواحــدة أو أكثر مــن أنــواع الطفيليــات الخارجيــة منهــا ,.

Gyrodactylus sp., digenean metacercaria و.Trichodina sp. كانــت الإصابــة الطفيليــة في الخياشــيم )٥٥.٧٩٥ ٪( أعلى مــن الجلــد )٤٢.٧٥٪(. وكانــت أكثر 

digenean meta� ١٤.٤٩٪( ولكنـهـا كاـنـت غائـبـة في الخياـشـيم الـتـي كاـنـت مـسـيطرة عليـهـا( .Gyrodactylus sp ا في إصاـبـات الجـلـد ـهـي الطفيلـيـات ـشـيوًعً

ا لســكان الأسماك المحليــة وقطــاع الاســتزراع الســمكي. �يُـوصى بإنشــاء واســتخدام  cercaria )٢٦.٠٨٪(. يمكـ�ن أن تشـ�كل وج��ود ه��ذه الكائنــات الطفيليــة تهديــًدً

طريق��ة تحليــل المخاطــر تعتمــد على الكشــف والتقييــم لأمــراض الأسماك في أسماك الزينــة الحيــة. كما يجــب مراقبــة الطفيليــات الخارجيــة الممرضــة ومضيفيهــا 

ـعـن كـثـب لتقلـيـل احتمالـيـة إدـخـال الـعـدوى إلى مناـطـق جدـيـدة

الكلمات الرئيسية: إصابة طفيلية، البقعة البيضاء، أمراض غريبة، مراقبة، أحاديات الخياشيم

*Corresponding author: Dr. Gilha Yoon, (E-mail:ghyoon@squ.edu.om)
  Department of Marine Science and Fisheries, Sultan Qaboos University, Oman



Research Paper 7

Al Balushi, Al Sheriyani, Al Shehhi, Al Sulaimani, and Yoon

Introduction

A study reported that around the world, 
1 billion ornamental fish are sold 
annually, including 4,000 freshwater 

fish species accounting for roughly 90% of the 
trade and 1,400 marine fish species. The global 
wholesale value of live ornamental fish is 900 
million dollars, with a retail value of US$ 3 
billion (Fujimoto et al. 2020). The trading of live 
aquatic animals is a regular activity for economic, 
social, and public resource development for many 
countries. The European Union countries make 
up the world's largest ornamental fish market. 
The United States is the world's top importer of 
ornamental fish. Between 2000 and 2006, more 
than 90% of live exotic pets imported into the 
United States were ornamental fish, primarily 
from Southeast Asian countries. Each year, 187 
million live ornamental fish are imported, with 
99 percent of them being used for commercial 
sale in the pet market (Hossain and Heo 2021). 
Ornamental fish have received more attention in 
recent years because of growing local and global 
demand, as well as the resulting expansion of the 
export market and trade. Since 1985, the value 
of international trade in ornamental exports has 
expanded at a compound annual growth rate of 
around 14% and the value of ornamental fish 
transported into various nations across the world 
is estimated to be over $278 million (Tribuzy-
Neto et al. 2021).

	 Ornamental fish cultivation has increa-
singly migrated to areas near consumer areas 
because producing fish near consumer regions 
is becoming more viable due to lower transpor-
tation costs (Pouil et al. 2020). Most freshwa-
ter aquarium fish are captured in the wild using 
artisanal fishing methods, such as small beach 
seines, dip nets, and a variety of small trap nets 
in rivers and streams. Divers (masks, snorkels, 
and SCUBA) are often used in the gathering 
of marine aquarium fish, along with hand nets, 

fish-holding buckets, and barrier nets to corral 
and fence the fish. Remote fishing locations are 
commonly used to catch wild fish destined for 
pet stores throughout the world. Fish may spend 
a few days to several weeks in fish camps af-
ter being collected before reaching importing 
and distribution facilities throughout the world. 
This time frame is determined by the logistics of 
capture, storage, and transportation. While wai-
ting for a transport boat or a local dealer, the fish 
are usually divided by species, sized, and num-
bered in the fishing camps. A local dealer can 
gather fish from various areas and carry them 
in hauling boxes to a secondary holding facility 
or storehouse utilizing a transport boat, motor-
cycle, or even just a bicycle. The fish are then 
mass-consolidated after arriving from several re-
gional storage facilities and sorted again at local 
exporting facilities, packed in oxygenated bags, 
and air-shipped to major retail stores throughout 
the world. Although the industry and enthusiasts 
raise certain marine aquarium fish and inverte-
brates, most marine ornamentals fish come from 
wild-caught fisheries and these fetch greater 
prices than freshwater species and usually come 
from tropical seas of Indonesia, Philippines, Sri 
Lanka, Maldives, and Central Pacific Islands are 
among the countries in the region (Biondo and 
Burki 2020). The increased and often reckless 
worldwide transportation of live aquatic animals 
has occasionally resulted in significant harm to 
aquatic food productivity and ecological func-
tion. These disturbances are brought on by a va-
riety of exotic pathogens. 

	 Both ecto- and endo-parasites can be 
found in abundance in ornamental fishes. These 
parasites are found in all ecosystems and have no 
impact on the fitness of healthy fish. Additional-
ly, when fish are raised in captivity, parasites can 
become a concern under stressful conditions. Di-
seases are responsible for up to half of all output 
losses in aquaculture (Haenen et al. 2020). High 
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stocking numbers combined with low water 
quality create ideal circumstances for para-
site infection and reproduction, accelerating 
the pathogenic levels. The inevitable transfer 
of fish and equipment aids the spread of in-
fectious diseases. Aerosol transfer can trans-
mit parasitic diseases not just inside a sys-
tem, but also to nearby culture units. These 
anthropogenic stressors can cause acute and 
chronic stress, and the requirement to cope 
with the allostatic load necessitates meta-
bolic rearrangement, which lowers growth 
performance, suppresses immune system 
activity, and makes fish more susceptible 
to diseases (Lira et al. 2020). Many studies 
have shown that some serious diseases pose 
a danger to warm and cold-water fish pro-
duction facilities, such as velvet diseaseor 
gold dust disease. This is caused by dinofla-
gellates from the genera Amyloodinium and 
Piscinoodinium, white spot disease, which 
is caused by Ichthyophthirius multifiliis in 
freshwater and Cryptocaryon irritans in 
marine waters and individuals of the genus 
Myxobolus. The high pathogenicity of these 
organisms is produced by histological alte-
rations, such as degeneration and necrosis in 
cells near to the attachment point, as well as 
significant structural damage to the epithe-
lium by the rhizoid itself. These alterations 
might be caused by toxins or irritants gene-
rated by parasites. The host is extremely sus-
ceptible to osmoregulatory dysfunction and 
subsequent infections by other pathogens 
such as bacteria or fungus under these cir-
cumstances. A study conducted by McDer-
mott and Palmeiro (2020), reported that Koi 
herpesvirus (KHV) which infects koi and 
common carp (Cyprinus carpio) causes high 
rates of mortality. It was originally identified 

as a cause of widespread fish death in Pa-
lestine in 1998 and has since spread around 
the world. Furthermore, parasites are being 
carried around the world through the aquarium 
trade, according to the findings of many studies 
and treatment of fish for recognized parasites 
prior to export or upon arrival in an importing 
country reduces the likelihood of subsequent pa-
rasite invasion and dispersal. 

	 According to records, 8–10 million orna-
mental fish are imported into Australia each year, 
with similar quantities imported yearly for seve-
ral decades. To reduce the spread of transboun-
dary diseases, quarantine procedures are perfor-
med to be implemented for goods consignments 
by the government. Moreover, the principles of 
aquatic animal quarantine have been reviewed 
and closely follow the recommendations of the 
SPS agreement, such that disease exclusion is 
the primary justification for confinement, and 
the quarantine policy is based on a science-based 
risk analysis. Also, an environmental compati-
bility evaluation is performed to decide which 
species of live ornamental fish are allowed for 
import to limit the possibility of pest species es-
tablishing themselves in the wild. Thailand, Sin-
gapore, and Taiwan are the primary suppliers of 
live ornamental fish, accounting for approxima-
tely nine tons. To prevent the introduction and 
spread of aquatic diseases, an effective biosecu-
rity program with thorough processes, practices, 
and regulations should be created. Even though 
quarantine is one of the primary requirements of 
the OIE (Office International des Epizooties), 
Sultanate relies only on the health certificate gi-
ven by the country of origin. The detection of 
exotic infections in imported fish has resulted in 
a greater awareness and understanding of these 
diseases. In addition, it aids in reducing the dan-
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ger of harmful viruses, bacteria, oomycetes, and 
parasites spreading to Oman's maritime environ-
ment. Increase the country's biosecurity by using 
a risk-analysis method that involves identifying 
and assessing fish diseases found in the live im-
ported ornamental fish. In addition, the econo-
mics of the fisheries industry have been impro-
ved in Oman by implementing all biosecurity 
techniques and procedures in aquaculture. 

	 The current data of the project assists 
aquaculture centers or farms by improving the 
health of their fish output while also preven-
ting illness exacerbation or transmission in the 

Table 1. List of the imported ornamental fish that were examined in the present study

Common name Scientific name

Koi carp Cyprinus carpio

Tiger Oscar cichlid Astronotus ocellatus

Yellowbelly cichild Trichromus salvini

Golden molly Poecilia sphenops

Amazon molly Poecilia formosa

Red zebra cichlid Maylandia estherae

Tiger barb Puntigrus tetrazona
Rose red discus Symphysodon aequifasciatus

Clark’s anemonefish Amphiprion clarkii
Dwarf groumi Trichogaster lalius

Bala shark Balantiocheilos melanopterus
Iridescent shark Pangasianodon hypophthalmus
Walking catfish Clarias batrachus
Giant snakehead Channa micropeltes

Buenos Aries tetra Hyphessobrycon anisitsi

Tetra negro Gymnocorymbus ternetzi
Dalmatian molly Poecilia latipinna

Rosy barb Pethia conchonius
Tinfoil barb Barbonymus schwanenfeldii
Angle fish Pterophyllum scalare

Mexican tetra Astyanax argentatus
Goldfish Carassius auratus

surrounding environment. The objective of the 
present study was to evaluate the prevalence of 
parasitic pathogens in imported ornamental fish 
in Oman and study the ecological risks to the na-
tive fish species and implementation of biosecu-
rity measures and restrictions.

Materials and methods

Fish sampling 

Total of 138 fish representing 22 different spe-
cies of ornamental fish were collected from 
different pet shops around Muscat governorate. 
The main two countries where the fish were im-
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ported were Thailand and Sri Lanka. The list of 
the ornamental fish that undergo a parasitologi-
cal examination is shown in Table 1. 

Parasitological examination 

The procedures for diagnosing fish and iden-
tifying parasites was divided into two parts star-
ting with a macroscopic screening for evident 
parasites to the human eyes and the overall ex-
ternal parts of the fish and its behavior using 
dissecting and compound microscopes with 
magnifications of x4 to ×1000 to visualize mo-
tile parasites. It was followed by a microscopic 
screening which was aimed to screen the non-vi-
sible parasites to the human eyes. In addition, 
skin scrapes and gill preparations were made. A 
skin scrape was performed by gently passing a 
slide glass through the mucus of the skin of the 
fish from random spots and suspected and infec-
ted areas. A drop of distilled water was added to 
the slide and observed under the light micros-
cope. The gill preparation was done by cutting a 
tiny portion of the gill filaments from both sides.

Results
The results of the parasitological examination 
revealed that 50.72% of the examined imported 
ornamental fish were infected by one or more 
parasite species including I. multifiliis, Dacty-
logyrus sp., Gyrodactylus sp., digenean meta-
cercaria and Trichodina sp. However, a para-
sitic skin infection was recorded in 42.75% of 
the examined imported ornamental fish while a 
parasitic gill infection was recorded in 55.79% 

of them. For the skin infection, there are some 
fish that recorded the highest aggregation of the 
parasitic infection among others such as golden 
molly (Poecilia sphenops), red zebra cichlid 
(Maylandia estherae), tetra negro (Gymnoco-
rymbus ternetzi), and goldfish (Carassius aura-
tus).  Nevertheless, for the gill infection, fish that 
recorded the highest aggregation of the parasitic 
infection among others are Bala shark (Balan-
tiocheilos melanopterus), Buenos Aries tetra 
(Hyphessobrycon anisitsi), and G. ternetzi. The 
observation of the skin scrapes performed for 
the sampled fish was recorded in Table 2 which 
shows the skin infection due to the founded pa-
rasites with the overall prevalence of these pa-

Table 2. Prevalence of skin and gill infestation of host species (S): skin, (G): gill

Figure 1. Shows an Ichthyophthirius multifiliis 
found in the skin mucus of red zebra cichlid (May-
landia estherae) at 10x magnification under the light 
microscope.

Parasites Host Prevalence

Ichthyophthirius multi-
filiis

Golden molly (Poecilia sphenops)

Red zebra cichlid (Maylandia estherae) 

Iridescent shark (Pangasianodon hypophthalmus)

Iridescent shark (Pangasianodon hypophthalmus)

50% (S)
33% (S)
83% (S)

100% (G)
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Dactylogyrus sp.

Tetra negro (Gymnocorymbus ternetzi)

Angel fish (Pterophyllum scalare) 

Tiger Oscar cichlid (Astronotus ocellatus)

Tiger barb (Puntigrus tetrazona)

Rose red discus (Symphysodon aequifasciatus) 

Bala shark (Balantiocheilos melanopterus) 

Tetra negro (Gymnocorymbus ternetzi)

Angel fish (Pterophyllum scalare)

Goldfish (Carassius auratus)

67% (S)

83% (S)

100% (G)

67% (G)

33% (G)

83% (G)

33% (G)

67% (G)

75% (G)

Gyrodactylus sp.

Tiger barb (Puntigrus tetrazona) 	

Buenos Aries tetra (Hyphessobrycon anisitsi)

Tetra negro (Gymnocorymbus ternetzi)

Goldfish (Carassius auratus)

67% (S)

67% (S)

50% (S)

75% (S)

Digenean metacercaria

Golden molly (Poecilia sphenops)

Koi carp (Cyprinus carpio)

Golden molly (Poecilia sphenops)

Red zebra cichlid (Maylandia estherae)

Buenos Aries tetra (Hyphessobrycon anisitsi)

Bala shark (Balantiocheilos melanopterus)

Tetra negro (Gymnocorymbus ternetzi)

Rosy barb (Pethia conchonius) 

Tinfoil barb (Barbonymus schwanenfeldii) 

Mexican tetra (Astyanax argentatus)

67% (S)

83% (G)

33% (G) 

67% (G)

83% (G)

83% (G)

67% (G)

83% (G)

33% (G)

67%(G) 

Trichodina sp.

Yellowbelly cichlid (Trichromus salvini)

Red zebra cichlid (Maylandia estherae)

Dalmatian molly (Poecilia latipinna)

Goldfish (Carassius auratus)

Buenos Aries tetra (Hyphessobrycon anisitsi)

33% (S)

50% (S)

67% (S)

58% (S0

33% (G)
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Figure 2. Shows the observed individuals of the parasi-
tic Trichodina sp. found on the skin mucus of yellowbelly 
cichlid (Trichromus salvini) at 100x magnification under 
the light microscope.

Figure 3. Shows an  infection of the parasitic digenean metacercaria within the gill filaments of a tiger barb (Puntigrus 
tetrazona) at 10x magnification.

rasites in the skin mucus of the ornamental fish, 
besides the preferred host of the parasites and 
the prevalence of each parasite by the host. The 
results in Table 2 showed that the most abundant 
parasite was Gyrodactylus sp., which recorded a 
14.49% prevalence followed by Trichodina sp., 
which recorded an 11.59% prevalence and the 
I. multifiliis recorded a 7.24% prevalence. Whe-
reas dactylogyrid monogeneans were recorded 
with a prevalence of 6.52% of the examined fish. 
The lowest prevalence was 2.89%, which was 
recorded for the digenean metacercaria. Figure 
1 shows an I. multifiliis found in the skin mucus 
of M. estherae and Figure 2 shows the observed 
individuals of the parasitic Trichodina sp. found 
in the skin mucus of yellowbelly cichlid (Tri-
chromus salvini). 
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Figure 4. Shows individuals of parasitic digenean metacercaria found in the gill filaments of tinfoil barb (Barbonymus 
schwanenfeldii) at 10× magnification

Figure 5. Shows an infection caused by a parasitic dacty-
logyrid monogenean observed on the gills of a tiger oscar 
cichlid (Astronotus ocellatus) at 10x magnification.

Figure 6. Shows individuals of Dactylogyrus sp. attached 
to the gill’s filaments of goldfish (Carassius auratus) at 
10x magnification.
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	 Figure 3 shows an infection of digenean 
metacercaria within the gill filaments of P. te-
trazona. Figure 4 shows individuals of parasitic 
digenean metacercaria found in the gill filaments 
of tinfoil barb (Barbonymus schwanenfeldii). 
Figure 5 shows a heavy infection caused by a 
parasitic dactylogyrid monogeneans observed in 
the gills of tiger oscar cichlid (Astronotus ocella-
tus). Figure 6 shows individuals of Dactylogyrus 
sp. attached to the gill filaments of C. auratus. 
Table 2 summarises parasitic infections in the 
gills and the prevalence of each.  The results in 
Table 2 show that the most abundant parasite in 
the gill infection was digenean metacercaria that 
recorded 26.08% prevalence followed by dac-
tylogyrid monogeneans, with a prevalence of 
23.91%. While the prevalence of I. multifiliis in 
the gills was recorded only in 7.24% of the exa-
mined fish. The lowest prevalence was recorded 
for Trichodina sp. which was 1.44%. There are, 
however, no records of Gyrodactylus sp. on the 
gills of the examined fish.

Discussion
This study found that some common parasite 
species such as I. multifiliis, Dactylogyrus sp., 
Gyrodactylus sp., digenean metacercaria and 
Trichodina sp. infected almost half of the exa-
mined imported ornamental fish. A scientific 
study reported that ornamental fishes were found 
infected with three different ectoparasite genera: 
monogenean, digenean, and protozoan ciliates, 
according to the survey that is strongly agreed 
by the current study (Al-Rawahi et al. 2019). 
Furthermore, fish gills perform a variety of criti-
cal processes such as breathing, osmoregulation, 
and excretion, and they are constantly in contact 
with the outside world, making them highly sen-
sitive to changes in water quality. Gills provide 
an excellent indication of water quality, and they 
could be served as a model for environmental 
impact research (Mohammadi et al. 2012). The 
prevalence of gill infections was found to be hi-

gher than those found on the skin (i.e., 55.79% 
and 42.75% respectively). The reason for this 
occurrence is that the attachment organ (i.e., 
haptors) of most parasites is attached to the inner 
surface of the proximal area of the gill filament, 
which is located between the outer and inner 
hemibranchs of the same gill arch. This type of 
attachment to the gill filament might give some 
protection from the host's gill ventilating current 
(Arafa et al. 2009). 

	 Nevertheless, the results in Table 2 
showed that the most abundant parasite in skin 
infections was Gyrodactylus sp., which was re-
corded 14.49% while there were no records on 
the presence of Gyrodactylus sp. in the gills of 
the examined fish species. A study showed that 
Gyrodactylus was principally found on the fins 
of most diseased fish, although where it lives 
depends on the severity of infection (Chanda et 
al. 2011). Furthermore, the lowest prevalence 
was recorded for Trichodina sp. (Fig. 2) which 
showed 1.44% prevalence in the gills of the 
examined fish. This is confirmed by a previous 
study that showed that the protozoan Trichodi-
na sp. had the lowest frequency of parasitic in-
fection (11 %) in the examined ornamental fish 
(Al-Rawahi et al. 2019). 

	 The results showed that tiger oscar 
cichlid (Astronotus ocellatus) recorded a huge 
gill infection by Dactylogyrus sp. as shown in Fi-
gure 5. This was also reported by a previous stu-
dy that Dactylogyrus sp. was a common parasite 
in Oscar and oviparous dactylogyrids are predo-
minantly gill parasites, although they can also 
be found in the skin. In addition, clinical signs 
of Dactylogyrus sp. infection included lethargy, 
unilateral swimming, gill filament erosion, and 
scale loss in the affected fish (Mohammadi et al. 
2012). Moreover, for the skin infection, some 
fish recorded the highest aggregation of the para-
sitic infection among others such as P. sphenops, 
M. estherae, G. ternetzi, and C. auratus. A study 
conducted by Evans and Lester (2001), showed 
that poeciliids frequently interbreed, and the pa-
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rasite population of all family members may be 
extremely similar. The trade of fish enables para-
sitic dispersion among poeciliids reared in Asia 
across ponds for breeding reasons. 

	 Nevertheless, for the gill infection, the 
fish that recorded the highest aggregation of the 
parasitic infestation among others are B. mela-
nopterus, Buenos Aries tetra (Hyphessobrycon 
anisitsi), and G. ternetzi. A heavy infection of 
parasites on B. melanopterus as reported that 
assemblages could be chronic and life-threate-
ning, thus leads to economic losses as well as in-
creases the risk of transmission to other species 
including native species. As shown in Figure 1, 
a huge aggregation of I. multifiliis individuals 
observed in the fins of P. hypophthalmus at 10× 
magnification (Morine et al. 2012). P. hypoph-
thalmus recorded a 100% prevalence of parasi-
tic I. multifiliis on its gills known to be a highly 
susceptible to this protozoan ciliate (Mamun et 
al. 2020). Nabi et al. (2015) reported that the 
protozoan parasite I. multifiliis was shown to be 
highly susceptible in fry of P. hypophthalmus 
imported from Thailand to Europe as ornamental 
fish. In addition, ichthyophthiriosis is a disease 
caused by I. multifiliis that causes considerable 
financial losses in the aquaculture sector, es-
pecially the ornamental fish trade (Tange et al. 
2020).  However, there is a variation on the type 
of the detected parasites found in each examined 
fish which might be connected to the occur-
rence's seasonality and water temperature (Brze-
zinski et al. 2021).

Conclusion

The current survey of imported ornamental fish 
found that I. multifiliis, Dactylogyrus sp., Gy-
rodactylus sp., digenean metacercaria and Tri-
chodina sp. infected almost half of the imported 
ornamental fish. Some species such as I. multi-
filiis may be life-threatening if left unmanaged 
and allowed to proliferate. The identity of other 
parasite species remains to be determined and 

they may pose a threat to native fish populations 
and the aquaculture sector. The level of risk will 
increase with the lack of pre- and post-border 
controls, such as permitted health certifications, 
sophisticated inspection tests, and quarantine de-
tention. The lack of knowledge about pathoge-
nic parasites found in imported ornamental fish, 
the function of carrier or reservoir species in the 
spread of exotic diseases, hence, the introduction 
of exotic diseases into native fish might worsen 
the problem. It is recommended that a risk ana-
lysis method based on the detection and assess-
ment of fish diseases found in live ornamental 
fish be established and used to enhance national 
biosecurity. In addition, exotic pathogenic para-
sites, as well as their hosts, must be closely mo-
nitored to reduce the risk of parasite introduction 
into Omani waters.

Acknowledgment

The authors appreciative of the research fund 
provided by FURAP (2020-2021), Research 
Council that helped in conducting this study.

References

Al-Rawahi W, Park MA, Yoon G. 2019. The iso-
lation of koi herpesvirus from ornamental fish 
imported into the Sultanate of Oman: Impli-
cations for biosecurity. Journal of Agriculture 
and Veterinary Science 12(1): 17-22.

Arafa SZ, El-Nagger MM, El-Abbassy SA. 
2009. Mode of attachment and histopatho-
logical effects of Macrogyrodactylus clariia 
monogenean gill parasite of the catfish Clar-
ias gariepinus, with a report on host response. 
Acta Parasitologica 54: 103-112.

Biondo MV, Burki RP. 2020. A systematic review 
of the ornamental fish trade with     emphasis 
on coral reef fishes an impossible task. Ani-
mals 10(11): 2014-2014.

Brzezinski SN, Leggatt R, Johnson N, McGowan 
C. 2021. Environmental risk assessment of 



SQU Journal of Agricultural and Marine Sciences, 2024, Volume 29, Issue 2

Ectoparasite Fauna of Imported Ornamental Fishes in Oman

16

the GloFish® Sunburst Orange® Danio: a 
transgenic ornamental fish, imported to Cana-
da, for sale in the pet trade. Canadian Science 
Advisory Secretariat 13: 35-39.

Chanda M, Paul M, Maity J, Dash G, Gupta 
SS, Patra BC. 2011. Ornamental fish gold-
fish, Carassius auratus and related parasites in 
three districts of West Bengal, India. Chroni-
cles Young Scientists 2(1): 51-54.‏

Evans BB, Lester RJ. 2001. Parasites of orna-
mental fish imported into Australia. Bulle-
tin-European Association of Fish Pathologists 
‏.51-55 :(2)21

Fujimoto RY, Dias HM, da Costa Sousa N, do 
Couto MVS, Santos RFB, Paixão PEG, Holan-
da FC. 2020. Is there sustainability for “satel-
lite” ornamental fishing regions? A case study 
of Guamá River basin-Pará-Brasil.  Fisheries 
Research 221:105354.

Gratzek JB, Shotts EB, Blue JL. 1978. Orna-
mental fish: diseases and problems. Marine 
Fisheries Review 40(3): 58-60.‏

Haenen O, Veldman K, Ceccarelli D, Tafro N, 
Zuidema T, Mevius D. 2020. Potential trans-
fer of antimicrobial resistance and zoonot-
ic bacteria through global ornamental fish 
trade. Asian Fisheries Science 33(S1): 46-54.

Hossain S, Heo GJ. 2021. Ornamental fish: a po-
tential source of pathogenic and multidrug‐re-
sistant motile Aeromonas spp. Letters in Ap-
plied Microbiology 72(1): 2-12.

Lira LV, Ariede RB, Freitas MV, Mastrochiri-
co-Filho VA, Agudelo JF, Barría A, Hashimo-
to DT. 2020. Quantitative genetic variation 
for resistance to the parasite Ichthyophthiri-
us multifiliis in the neotropical fish tambaqui 
(Colossoma macropomum). Aquaculture Re-
ports 17, 100338.

Mamun MAA, Nasren S, Srinivasa KH, Rathore 
SS, Abhiman PB, Rakesh K. 2020. Heavy 
infection of Ichthyophthirius multifiliis in 
striped catfish (Pangasianodon hypophthal-

mus, Sauvage 1878) and its treatment trial 
by different therapeutic agents in a control 
environment. Journal of Applied Aquaculture 
32(1): 81-93.

Mohammadi F, Mousavi SM, Rezaie A. 2012. 
Histopathological study of parasitic infes-
tation of skin and gill on Oscar (Astronotus 
ocellatus) and discus (Symphysodon discus). 
Aquaculture, Aquarium, Conservation & Leg-
islation 5(2):88-93.

Morine M, Yang R, Ng J, Kueh S, Lymbery AJ, 
Ryan UM. 2012. Additional novel Cryptospo-
ridium genotypes in ornamental fishes. Veteri-
nary Parasitology 190(3-4):578-582.‏

McDermott C, Palmeiro B. 2020. Updates on 
selected emerging infectious diseases of orna-
mental fish. Veterinary Clinics: Exotic Animal 
Practice 23(2): 413-428.

Nabi AM, Soltanian S, Hafeziyeh M, Ghadimi 
N. 2015. Effects of  long term dietary admin-
istration of β-glucan on the growth, survival 
and some blood parameters of striped catfish, 
Pangasianodon hypophthalmus (Siluriformes: 
Pangasiidae).  Iranian Journal of Ichthyology 
2(3): 194-200.

Pouil S, Tlusty MF, Rhyne AL, Metian M. 2020. 
Aquaculture of marine ornamental fish: over-
view of the production trends and the role of 
academia in research progress.  Reviews in 
Aquaculture 12(2): 1217-1230.

Tange E, Mathiessen H, Jørgensen LVG. 2020. 
Effects of pH on free-living stages of a Nordic 
strain of the economically important fresh-
water fish parasite Ichthyophthirius multi-
filiis.  International Journal for Parasitology 
50(10-11): 859-864.

Tribuzy-neto IA, Beltrao H, Benzaken ZS, Ya-
mamoto KC. 2021. Analysis of the ornamen-
tal fish exports from the amazon state, Bra-
zil. Boletim do Instituto de Pesca 46(4): E554 
(1-14).


