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Curcuma xanthorrhiza Roxb.: Control gyrodactyliasis 

in catfish Clarias gariepinus 

 
Mira Mawardi, Angela Mariana Lusiastuti and Diyas Fitria Idealistina 

 
Abstract 

This research based on the case of natural infection of Gyrodactylus sp in catfish (100-800 grams). The 

aim of the study was to control Gyrodactyliasis in catfish by using Curcuma xanthorrhiza Roxb. The 

catfish natural infected by Gyrodactylus sp macro-size type. The first step procedure to get the efficacy 

of a dose of Curcuma xanthorrhiza roxb against Gyrodactylus sp in vitro. The second was to observe the 

efficacy of Curcuma xanthorrhiza roxb dose in vivo which fish are naturally infected by Gyrodactylus sp. 

The third treatment was carried out on a field scale. The result showed that Curcuma xanthorrhiza roxb. 

was effectively to kill Gyrodactylus sp in vitro at a dose of 100 ppm in 446 minutes and 200 ppm for 200 

minutes. While Gyrodactylus sp (without host) was able to live in water at 24 0C for 2880 minutes. The 

intensity of Gyrodactylus sp in chronic catfish was 1057 individuals per fish. While the highest fish 

mortality happened in case 4, it was 65.18% because found to be co-infected with pathogen bacteria. 

Bacterial infections greatly affect the mortality of catfish. The lowest fish mortality rate of 1.4% was in 

case 6. Immersion therapy for 24 hours using 100 ppm Curcuma xanthorrhiza Roxb. was effective to kill 

Gyrodactylus sp and it was safe for catfish. Treated fish will shorten the transmission of Gyrodactylus sp 

between fishes and reduce mortality. The use of Curcuma xanthorrhiza Roxb. can be recommended. 

 

Keywords: Curcuma xanthorrhiza Roxb. Gyrodactylus sp, catfish, natural infection, therapy, bathing 

method 

 

1. Introduction 

Gyrodactyliasis is a disease caused by the worm Gyrodactylus spp. Gyrodactylus spp is one of 

platyhelminthes group parasite; monogenea. The breeding parasites by viviparous produces 

young worms and are also hermaphrodite which has male and female organs [3, 13, 21, 30]. One 

species of Gyrodactylus sp that raises problems in marine aquaculture is Gyrodactylus salaris 

which can infect salmon [5, 7, 10, 12, 16, 19, 21, 31]. 

Some cases of Gyrodactyliasis reported such as Gyrodactylus alekosi sp and Gyrodactylus 

rysavyi were identified from the North African catfish Clarias gariepinus. Gyrodactylus 

rysavyi was also reported from Clarias gariepinus from Kenyan and Clarias anguillaris from 

Senegal. Gyrodactylus transvaalensis and Gyrodactylus gelnari sp species were also identified 

from fish fin Clarias anguillaris, Senegal. While Gyrodactylus turkanaensis sp was identified 

from the gills of Clarias gariepinus, Kenyan [23]. While the Gyrodactyliasis outbreak caused 

by Gyrodactylus jalalii sp. identified from Iranianocichla hormuzensis fish [29]. 

Several results of the study were conducted to control Gyrodactyliasis disease. Use of acetic 

acid and sodium chloride 1: 2,000 by immersion. Use 5% salt soaking for 5 minutes and 

soaking in 1: 5,000 salt and formalin for 5-10 minutes [27]. Using 1% Virkon S disinfectant for 

15 minutes, 80 mg / L Sodium percarbonate immersion 18 h [4]. 7.5 ppt ginger soaking for 90 

minutes [11]. Woo and Leatherland (2011) state the use of Copper sulphate, formaldehyde, 

sodium chloride, hydrogen peroxide [25], dexamethasone [22] effective for the treatment of 

parasites. Therapy by manipulating the shock temperature of 400C for 5-50 minutes [17]. 

The use of synthetic chemicals has been known to affect as a material for the prevention and 

control of health problems in aquaculture. The residue after the use of synthetic chemicals 

raises even greater problems. The use of the herb as a substitute is expected to be able to 

replace the function of chemicals that is quite safe for the continuity of aquaculture. It is 

known that some herbs can function as prevention and control of diseases caused by bacteria, 

parasites and fungi for aquaculture. 
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In fact, some herbals are considered to have immunostimulant 

functions and improve the fish appetite for fish [6]. 

The herbal used in this study were Java turmeric or Curcuma 

xanthorrhiza Roxb. in the local language called temulawak or 

Kuning Gedong. Curcuma xanthorrhiza Roxb. Also used as a 

natural antimicrobial to inhibit the growth of Klebsiella 

pneumoniae in food [26]. In addition, Curcuma xanthorrhiza 

Roxb. Also as an antioxidant, anti-inflammatory and anti-

carcinogenic [1]. 

Curcuma (Zingiberaceae) is one of the large genera of 

rhizomatous and can be found in tropical countries such as 

Indonesia, India, Thailand, Malay islands, Northern Australia. 

In general, rhizomes are used in powder [15]. Elements 

contained in Curcuma xanthorrhiza Roxb. is Camphor; 

Zingiberene; ƴ-elemense; Trans β-farnesene; Ar-curcumene; 

Benzofuran; α-cedrene; β-elementsone and Xanthorrhizol. 

Besides that it also contains phytopharmaceuticals like 

terpenoids; phenols; flavonoids; saponins; cardiac glycoside; 

alkanoid and coumarin [1, 8, 9, 14, 18]. The aim of the study was 

to control Gyrodactyliasis in catfish by using Curcuma 

xanthorrhiza Roxb. 

  

2. Materials and Method 

2.1 Methodology 

This test is based on the existence of natural infection of 

Gyrodactylus sp which infected catfish which are cultivated in 

ponds. In this case, three stages were carried out. The first 

step is the efficacy of several doses of curcuma xanthorrhiza 

roxb against Gyrodactylus sp (without fish / host) carried out 

in the laboratory. The second is the efficacy of the curcuma 

xanthorrhiza roxb dose test that fish which are naturally 

infected by the Gyrodactylus sp parasite is carried out in the 

laboratory. The third is treatment carried out on a field scale 

using Curcuma xanthorrhiza Roxb. Naturally infected catfish. 

Data collected in the form of the efficiancy of several 

medicinal ingredients against Gyrodactylus sp. Dosage of 

Curcuma xanthorrhiza Roxb. for therapy of gyrodactyliasis. 

Efficacy of Curcuma xanthorrhiza Roxb. the Gyrodactyliasis 

was applied on a field scale. Prevalence, intensity and 

dominance of Gyrodactylus sp before and after therapy. As 

well as the clinical condition of fish infected Gyrodactylus sp. 

 

2.2 Time and Place  

Seven cases of gyrodactyliasis in catfish occurred in 2016 

until 2017. Tests were carried out in the laboratory and the 

area of the MCFA Sukabumi, West Java, Indonesia. 

 

2.3 Fish 

Catfish from several cases of Gyrodactyliasis (Table 1). 

 
Table 1: Case outbreak of Gyrodactylus sp in catfish (Clarias 

gariepinus) 
 

Cases Size (gram) Number (fish) 

1 300-800 6000 

2 300-800 4000 

3 300-800 4000 

4 200-700 4500 

5 100-200 3000 

6 100-150 3000 

7 300-400 3200 

 

Gyrodactylus sp was taken by scraping from the surface of the 

body, fins, and gills. Observations were carried out 

microscopically using an Olympus microscope type BX53, 

Stereo Zeizz type microscope and direct / visual observation. 

Calculating the prevalence, intensity and dominance of the 

Gyrodactylus sp parasite in each case [2, 23, 24]. 

 

2.4 Curcuma xanthorrhiza roxb  

Curcuma xanthorrhiza Roxb. used dry powder. Curcuma 

xanthorrhiza roxb. obtained from the Spice and Medicinal 

Plant Research Center, Bogor, Indonesia. 

 

2.5 The first step 

This test aimed to prove the efficacy of Curcuma 

xanthorrhiza roxb. against of Gyrodactylus sp. The chemical 

used was potassium permanganate (5 ppm; 10 ppm; 25 ppm 

and 50 ppm), formalin (25 ppm and 100 ppm), Curcuma 

xanthorrhiza roxb (20 ppm; 100 ppm and 200 ppm) and as a 

control Gyrodactylus sp in water without added drug material. 

The chemicals were prepared in a glass beaker and filled with 

30-35 live Gyrodactylus sp. Then calculate the time until the 

Gyrodactylus sp all died in each glass beaker. 

 

2.6 The second step 

This test aimed to determine the efficacy of Curcuma 

xanthorrhiza Roxb. on the survival of catfish. The catfish 

used were originated from case 1 (Table 2). Test containers 

used aquariums. The dose of Curcuma xanthorrhiza roxb 

used was 100 ppm and 200 ppm. 

 

2.7 The three step 

This test aims to determine the application of Curcuma 

xanthorrhiza Roxb. for the therapy of catfish which are 

infected Gyrodactylus sp which is cultivated in ponds and 

tanks. The fish used from cases 1 (table 3). Therapy is done in 

the pond. Therapy using a dose of 100ppm Curcuma 

xanthorrhiza Roxb. by 24-hour immersion. 

 

3. Result 

3.1 The first step 

 
Table 2: The results of testing the efficacy of medicinal ingredients 

 

Chemicals and Herb 
Doses 

(ppm) 

Time of survival 

Gyrodactylus sp (minutes) 

Kalium Permanganate 5 354 

 10 180 

 25 165 

 50 90 

Formalin 20 1765 

 100 204 

Curcuma xanthorrhiza roxb 20 1620 

 100 446 

 200 200 

Water (temperature 240C)  2880 

 

Use of a 200 ppm dose of Curcuma xanthorrhiza Roxb. Can 

kill Gyrodactylus sp faster than 100 ppm. Although the 

application Curcuma xanthorrhiza Roxb. Was not as effective 

as potassium permanganate which can kill Gyrodactylus sp 

removed faster. But the dose of 200 ppm Curcuma 

xanthorrhiza roxb compared with 100 ppm formalin has the 

same effect of killing Gyrodactylus sp. From this first test, it 

can be concluded that Curcuma xanthorrhiza Roxb. Potential 

can be a drug therapy for Gyrodactyliasis in catfish. Therapy 

Gyrodactyliasis with Curcuma xanthorrhiza Roxb. Can use a 

dose of 100 ppm and 200 ppm. 

 

http://www.fisheriesjournal.com/
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3.2 The second step 

The results of the identification of Gyrodactylus sp (in case 1) 

before treatment were prevalence 100%, the intensity of 46 

individuals, the dominance of 79.2%. Dactylogyrus sp test 

results in prevalence 80%, intensity 5 individuals, dominant 

42%. There was no bacterial infection in fish in this case 1. 

 
Table 3: Catfish therapy using Curcuma xanthorrhiza roxb. 

 

Therapy using Curcuma xanthorrhiza Roxb. 

(doses) 
Identification result after therapy 

The survival rate of fish 

after therapy 

100ppm bathing for 24 h Prevalensi Gyrodactylus sp 0%, Intensitas 0 individu 100% 

100ppm bathing for 24 h Prevalensi Gyrodactylus sp 0%, Intensitas 0 individu 75% 

100ppm bathing for 24 h Prevalensi Gyrodactylus sp 0%, Intensitas 0 individu 100% 

200ppm bathing for 24 h Prevalensi Gyrodactylus sp 0%, Intensitas 0 individu. 100% 

200ppm bathing for 24 h Prevalensi Gyrodactylus sp 0%, Intensitas 0 individu. 100% 

 

The clinical condition of fish determined removed survival 

fish after therapy. Fish that died after therapy showed ulcers 

all of the body, crushed fish fins, runny fish mustaches and 

fish was anorexia before died. At the time of therapy, the fish 

looked very comfortable. Fish always stayed at the bottom of 

the container and done a little swimming. 

The results of the identification of Gyrodactylus sp after 

therapy are negative. The dead Gyrodactylus sp will be 

released from the body of the fish and can be easily seen in 

the water at the bottom of the aquarium. The dead 

Gyrodactylus sp looks milky white. Use of 100ppm and 

200ppm Curcuma xanthorrhiza Roxb. safe for fish and does 

not cause fish to die. 

 

3.3 The three-step 

 
Table 4: Application of Curcuma xanthorrhiza roxb 

 

Cases Method 
Therapy using Curcuma 

xanthorrhiza roxb. (hours) 
Container 

Implementation of treatment after it is known that fish are 

infected with Gyrodactylus sp (the day treatment after infected) 

2 Bathing 24 Pond 22 

3 Bathing 24 Tank 22 

4 
bathing 1 5 Pond 5 

bathing 2 24 Tank 7 

5 Bathing 24 Tank 4 

6 Bathing 24 Tank 2 

7 Bathing 24 Tank 4 

 
Table 5: The number of fish for the identification of parasite and mortality of fish. 

 

Cases 
Number of fish for the identification of parasite (fish) 

Mortality of fish in ponds/tanks (%) 
Before therapy After therapy 

2 5 50 17.78 

3 3 50 26.68 

4 Bathing 1 7 45  

4 Bathing 2  100 65.18 

5 30 50 5.07 

6 10 100 1.4 

7 26 30 49.38 

 
Table 6: The results of the identification of Gyrodactylus sp. 

 

Cases 
Before therapy After therapy 

Prevalence (%) Intensity (individual) Dominance (%) Prevalence (%) Intensity (individual) Dominance (%) 

2 100 54 83.5 0 0 0 

3 100 197 100 0 0 0 

4 Bathing 1 100 37 100 53.2 3 1.58 

4 Bathing 2    0 0 0 

5 100 13 100 0 0 0 

6 100 21 100 0 0 0 

7 100 9 100 0 0 0 

 

In each case, the rates of Gyrodactylus sp infection differed in 

fish (Table 6). Low mortality rates in fish are caused by a 

single infection of Gyrodactylus sp. Whereas, fish with a high 

mortality rate are also affected by another micro-organism as 

co-infection. Like in cases 3, 4 and 7, bacteria become co-

infections in these fish. 

The therapy was carried out at different times after it was 

known that fish are infected with parasites (Table 4). 

Although the implementation of therapy was carried out on 

the 22nd day after fish infected with Gyrodactylus sp can still 

result in a low mortality rate (cases 2). This is because fish are 

only infected with a single pathogen, Gyrodactylus sp. 

Whereas in cases 5 and 7 and also cases 2 and 3, the mortality 

rate was different in fish even though the implementation of 

therapy was carried out at the same time (Table 5). This is 

affected by bacterial infections. Therapy that was done faster 

after the fish are known to be infected, it will reduce the 

mortality rate in fish. 

In case 4, therapy was done twice. The first therapy was done 

in the pond. After the first post-treatment examination, 

http://www.fisheriesjournal.com/
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Gyrodactylus sp was found, although the prevalence and 

intensity values decreased. This happened because the dose 

estimation was not appropriate and also the uneven shape of 

the pond construction so that the calculation of the water 

volume became incorrect that it will affect the dose. For the 

effectiveness of drug administration, the second therapy that 

was carried out in the tank it was necessary and gave 

Gyrodactylus sp negative. 

 

 
 

 
 

 
 

Fig 1-6: (1) Gyrodagtylus sp collected from catfish bodies (2) Gyrodactylus sp (3) Gyrodactylus sp which was still attached to pieces of stomach 

meat of catfish stored in formalin solution (4) Gyrodactylus sp preparation for observation under a microscope (5) Gyrodactylus sp under a 40x 

microscope (6) the condition of catfish infected by Gyrodactylus sp. 

http://www.fisheriesjournal.com/
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The number of Gyrodactylus sp collected from one fish of 

acutely-infected catfish can reach 1057 individuals (Figure 1). 

The condition of the fish was very weak and quickly died 

when lifted out of the water. The fish always swim around the 

pool inlet. Gyrodactylus sp was very easily seen directly with 

the naked eye (Figure 1, Figure 2, Figure 3 and Figure 4). The 

macro size of Gyrodactylus sp made it easier to examine the 

field. Gyrodactylus sp becomes milky white when it was dead 

(Figure 2, Figure 3, Figure 4). The condition of catfish 

infected with Gyrodactylus sp had excessive mucus secretion 

and the color of the body of the fish became pale. In severe 

Gyrodactylus sp infections showed the fish fin was damaged 

(erosion), especially on the dorsal fin, caudal fin, abdominal 

fins and body parts to be injured and damage to the mustache 

(Figure 6). 

Curcuma xanthorrhiza roxb powder. spread immediately on 

water. After 24 hours, water was replaced by new freshwater. 

Catfish can survive even though they was soaked in 100 ppm 

Curcuma xanthorrhiza Roxb. for 2 days without water 

replacement. Curcuma xanthorrhiza roxb. Therapy were very 

easy and effective, it did not cause discoloration, loss of 

appetite and death in fish.  

 

4. Discussion 

The condition of catfish infected with Gyrodactylus sp 

(Figure 6) was in accordance with the statement of [20, 21]. The 

condition of fish fin and mustache erupted, the color of the 

body of the fish became pale, the fish excessive mucus 

secretion so that the body of the fish felt visible. Abnormal 

behavior in fish infected with Gyrodactylus sp, namely; swim 

on the surface of the water, at the edge of the pool, always 

swim in the inlet and suddenly swim very quickly into the 

body of water. This showed that the fish feels uncomfortable, 

itchy, painful due to the large number of Gyrodactylus sp in 

its body so they tried to remove Gyrodactylus sp from its 

body [21]. Reported that salmon mortality could reach 100% in 

Gyrodactylus salaris infection if no treatment was taken. In 

this study, seven cases of natural infection with Gyrodactylus 

sp in catfish. The percentage of mortality was high in fish 

case 3, 4 and case 7. This was due to the role of bacterial 

infection. The intensity of Gyrodactylus sp in fish in acute 

conditions was 1057 individuals. The fish can still survive and 

swim slowly around the pool inlet. This condition was carried 

out in order to get enough oxygen to survive. According to 
[30], the intensity of Gyrodactylus sp infection can reach 600 

individuals per fish. 

Therapy using 100ppm Curcuma xanthorrhiza roxb by 

immersion for 24 hours can shed Gyrodactylus sp in catfish 

size 100-800 grams (Table 4). Although the results of the 

100ppm Curcuma xanthorrhiza roxb dose efficacy test can 

kill Gyrodactylus sp in 446 minutes (Table 2). But for 

applications in the field it takes longer to take into account the 

number of fish treated. Immersion therapy was done for the 

treatment of Gyrodactyliasis because the parasite infected the 

outside of the fish's body [32]. Calculation of water volume 

was an important factor for the success of treatment with 

immersion methods. Some factors that need to be considered 

for the application of treatment include water quality, fish 

conditions, economy and safety of the environment and 

several other factors such as the results of parasite type 

identification, chemical selection, strategy and dose accuracy 
[28]. 

Fish that have been known to be infected with parasites 

should be treated immediately. Immediate treatment can 

reduce fish mortality and narrow the area of transmission of 

parasitic infections. Moreover, the transmission and infection 

of Gyrodactylus sp are very fast. Considering the breeding of 

Gyrodactylus sp by giving birth so that Gyrodactylus sp's 

puppies are ready to infect other fish. As in case 6, the time 

for therapy is done faster than the time of infection so that it 

can reduce the percentage of fish mortality (Table 5). 

The conclusion in this study that Curcuma xanthorrhiza Roxb 

proven to be effective and easy to apply for the treatment of 

Gyrodactylus sp in catfish. Curcuma xanthorrhiza Roxb can 

be a safe alternative therapy than chemicals that have negative 

effects on the environment and humans. Moreover, waste and 

residues from this therapy are safe compared with chemicals.  

 

5. References 

1. Ambarsari L, Nurcholis W, Darusman KL, Mujib AM, 

Heryanto R. The Curcuminoids Extract of Curcuma 

xanthorrhiza RoxB. Loaded Solid Lipid Nanoparticles. 

International Journal of Science and Research (IJSR), 

2012. ISSN (Online): 2319-7064. 

2. Bush AO, Lafferty KD, Lotz JM, Shostak AW. 

Parasitology meets ecology on its own terms: Margolis et 

al. Revisited. J Parasitol. 1997; 83:575-583. 

3. Beverley Burton M. 3.2.10 Monogenean Diseases. 

Department of Zoology College of Biological Science 

University of Guelph Guelph, Ontario N1G 2W1 Canada, 

1994. 

4. Buchmann K, Kristensson RT. Efficacy of Sodium 

Percarbonate and Formaldehyde Bath Treatments 

against Gyrodactylus derjavini Infestations of Rainbow 

Trout, 2011, 25-27. 

5. Cunningham OC, Mo AT. Random Amplified 

Polymorphic DNA (RAPD) Analysis of Three 

Norwegian Gyrodactylus salaris Populations 

(Monogenea; Gyrodactylidae). J Parasitol. American 

Society of Parasitologists. 1997; 83(2):311-314. 

6. Citarasu T. Herbal biomedicines: A new opportunity for 

aquaculture industry. Journal of Aquaculture 

International. Aquacult Int. 2010; 18:403-414. DOI 

10.1007/s10499-009-9253-7. 

7. Cone DK, Odense PH. Pathology of five species of 

Gyrodactylus Nordmann, 1832 (Monogenea). Canadian 

Journal of Zoology. 1984; 62(6)1084-1088. 

8. Diastuti H, Syah MY, Juliawaty DL, Singgih M. 

Antibacterial Curcuma xanthorrhiza Extract and 

Fractions. J Math. Fund. Sci. 2014; 46(3):224-234. 

9. Devaraj S, Ismail S, Ramanathan S, Marimuthu S, Fei 

MY. Evaluation of the hepatoprotective activity of 

standardized ethanolic extract of Curcuma xanthorrhiza 

Roxb. Journal of Medicinal Plants Research. 2010; 

4(23):2512-2517, ISSN 1996-0875 ©2010 Academic 

Journals. 

10. Gjessing MC, Thoen E, Tengs T, Skotheim SA, Dale OB. 

Salmon Gill Poxvirus, a Recently Characterized 

Infectious Agent of Multifactorial Gill Disease in 

Freshwater- And Seawater-Reared Atlantic Salmon. 

Journal of Fish Disisease. 2017; 40(10):1253-1265. 

11. Gill L, Dina Z, Giuseppe P, Sophie F. Efficacy of ginger-

based treatments against infection with Gyrodactylus 

turnbulli in the guppy (Poecilia reticulata (Peters)). 

Veterinary Parasitology. 2015; 209(3-4):235-241. 

12. Hahn C, Weiss JS, Stojanovski S, Bachmann L. Co-

Speciation of the Ectoparasite Gyrodactylusteuchis 

(Monogenea, Platyhelminthes) and Its Salmonid Hosts. 

http://www.fisheriesjournal.com/


 

~ 202 ~ 

International Journal of Fisheries and Aquatic Studies http://www.fisheriesjournal.com 

Plos one. Research article, 2015. 

13. Hendrichsen KD, Kristoffersen R, Gjelland KØ, Knudsen 

R, Kusterle S, Rikardsen AH et al. Transmission 

dynamics of the monogenean Gyrodactylus salaris under 

seminatural conditions. Journal of Fish Disease. 2014; 

38(6):541-550. 

14. Halim ARM, Zabritan Ismail MSM, Mahmud R. 

Standardization and phytochemical studies of curcuma 

xanthorrhiza roxb. International Journal of Pharmacy and 

Pharmaceutical Sciences. 2012; 4(3). ISSN- 0975-1491. 

15. Jantan I, Saputri FC, Qaisar MN, Buang F. Correlation 

between chemical composition of Curcuma domestica 

and Curcuma xanthorrhiza and their antioxidant effect on 

human low-density lipoprotein oxidation. Evidence-

Based Complementary and Alternative Medicine 

ID438356:1-10, 2012. 

16. Lari E, Pyle GG. Gyrodactylus Salmonis Infection 

Impairs the Olfactory System of Rainbow Trout. Journal 

of Fish Disease. 2017; 40(10):1279-1284. 

17. Koski P, Anttila P, Kuusela J. Killing of Gyrodactylus 

salaris by heat and chemical disinfection. Acta 

Veterinaria Scandinavica. 2016; 58:21. DOI 

10.1186/s13028-016-0202-y. 

18. Mangunwardoyo W, Deasywaty Usia T. Antimicrobial 

and identification of active compound Curcuma 

xanthorrhiza Roxb. International Journal of Basic & 

Applied Sciences IJBAS-IJENS. 2012; 12:01. 126101-

7979 IJBAS-IJENS. 

19. Nylund A, Watanabe K, Nylund S, Karlsen M, Saether 

PA, Arnesen CE et al. Morphogenesis of Salmonid Gill 

Poxvirus Associated With Proliferative Gill Disease in 

Farmed Atlantic Salmon (Salmo Salar) in Norway. Arch 

Virol. 2008; 153 (7):1299-1309. 

20. Olstad K. Gyrodactylus salaris-NOBANIS - Invasive 

Alien Species Fact Sheet. Norwegian Institute for Nature 

Research, Fakkelgården, NO-2624 Lillehammer, 

Norway, 2013. 

21. OIE. Infection with Gyrodactylus salaris. Manual of 

Diagnostic Test for Aquatic Animal. Chapter 2.3.3, 2018. 

22. Olafsdottir SH, Buchmann K. Dexamethasone treatment 

affects skin mucous cell density in Gyrodactylus 

derjavini infected Salmo salar. Journal Fish Disease. 

2004; 78(1):87:90. 

23. Odum EE. Fudamental of Ecology. Third Edition,W.B. 

Sunders Company, Toronto, 1971, 697p. 

24. Přikrylová I, Blažek R, Vanhove PMM. An overview of 

the Gyrodactylus (Monogenea: Gyrodactylidae) spesies 

parasitizing African catfishes, and their morphological 

and molecular diversity. Parasitology Research. Springer-

Verlag, 2011. 

25. Prayitno SB. The Behaviour of Ectoparasitis Protozoa of 

Fish in Relation to Enviromental Ammonia with Special 

Reference to The Trichodinids. (Thesis). The Institute of 

Aquaculture, University of Stirling. (Scotland), 1996. 

26. Rach JJ, Gaikowski MP, Ramsay RT. Efficacy of 

Hydrogen Peroxide to Control Parasitic Infestations on 

Hatchery-Reared Fish. Journal of Aquatic Animal Health. 

2000; 12(4):267-273. 

27. Sylvester SW, Son R, Lew KFK, Rukayadi Y. 

Antibacterial activity of Java turmeric (Curcuma 

xanthorrhiza Roxb.) extract against Klebsiella 

pneumoniae isolated from several vegetables. 

International Food Research Journal. 2015; 22(5):1770-

1776. 

28. Sharma M, Shirvastav BA, Sahni PY, Pandey G. 

Overviews of the Treatment and Control of Common 

Fish Disease. International Research Journal of 

Pharmacy. ISSN 2230-8407, 2012. 

29. Shinn AP, Bron JE. Infectious Disease in Aquaculture. 

Prevantion and Control. Chapter 8. Considerations for the 

Use of Anti-parasitic drags in Aquaculture. Unv. of 

Stirling. UK. Edited by Austin B. Published by 

Woodhead Publising Limited. ISBN 978-0-85709-573-2. 

2012, 190-208. 

30. Vanhove PMM, Boeger AW, Bukinga MF, Volckaert 

MAF, Huyse T, Pariselle A. A new species of 

Gyrodactylus (Monogenea, Gyrodactylidae), an 

ectoparasite from the endemic Iranocichla hormuzensis 

(Teleostei, Cichlidae), the only Iranian cichlid. European 

Journal of Taxonomy. 2012; 30:1-10. ISSN 2118-9773. 

31. Israel MA, Chidobem JI, Onyemaechi EC. Oxidative 

stress, haematology and histology biomarkers of African 

clariid catfish clarias gariepinus (Burchell 1822) to 

glyphosate-based herbicide GBHG,‘Glycot’. 

32. Winger CA. Arctic charr (Salvelinus alpinus (L.)), an 

adequate host to Gyrodactylus salaris (Monogenea). 

(Dissertation). University of Tromsø. (Norwegia), 2009. 

33. Ziętara MS, Lebedeva D, Muñoz G, Lumme J. A 

monogenean fish parasite, Gyrodactylus chileani n. sp., 

belonging to a novel marine species lineage found in the 

South-Eastern Pacific and the Mediterranean and North 

Seas. PMCID. Syst Parasitol. 2012; 83(2):159-167. 

34. Woo KTP, Leatherland FJ. Fish Disease and Disorders; 

Protozoa and Metazoan Infections. 9. Monogenea. 

Second edition, 2011, 1. ISBN-13: 978-0-85-199-0015-6. 

Denmark. 

http://www.fisheriesjournal.com/

