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Abstract. The gill monogenean Pseudorhabdosynochus lantauensis has been consistently observed on 
cultured orange spotted-grouper (Epinephelus coioides) fingerlings. The tolerance level of E. coioides to 
formalin (H2CO solution) and hydrogen peroxide (H2O2), two of the chemicals most commonly used to 
treat ectoparasites, was determined. The computed 3h and 6h LC10 of formalin were 322 mg L-1 and 275  
mg L-1  while the 9h LC10 and LC50 of H2O2 were 255 and 298 mg L-1, respectively, at 28oC. The efficacy 
of freshwater, hypersalinity, formalin and H2O2 bath treatment against P. lantauensis was determined in 
vivo. Hydrogen peroxide at 200 mg L-1 for 1h was effective in eliminating P. lantauensis on E. coioides 
fingerlings with no apparent adverse effect on the host fish. 
Key Words: grouper, formalin, hydrogen peroxide, freshwater, hypersalinity. 

 
 
Introduction. In the Philippines, the orange-spotted grouper Epinephelus coioides 
(Hamilton, 1822) is the main grouper species cultured, with the brown-marbled grouper 
Epinephelus fuscoguttatus (Forsskal, 1775) coming a close second (APEC/SEAFDEC 
2001). Although technology for seed production of groupers is available, there is still 
dependence on wild-caught seeds. The grow-out farming of groupers is conducted in 
floating net cages or earthen ponds.  
 One parasitic problem consistently observed in grouper culture is the infestation 
with the gill monogenean Pseudorhabdosynochus lantauensis (Beverley-Burton & 
Suriano, 1981) (Erazo-Pagador & Cruz-Lacierda 2010) (Figure 1a). In this paper, we 
report the efficacy of freshwater, hypersalinity, formalin and hydrogen peroxide (H2O2) 
bath treatment against this gill parasite. The tolerance level of E. coioides to formalin and 
H2O2 is also presented.  
 
Materials and Methods 
 
Fish safety tests. E. coioides fingerlings from a commercial farm in Roxas City, Capiz, 
Philippines were transported live to the laboratory of SEAFDEC Aquaculture Department. 
The fish were maintained under laboratory conditions for at least 3 days prior to use. Ten 
fish were sacrificed and measured for total length (TL, mm) and body weight (BW, g) per 
batch of fish prior to each experiment.  
 Two trials each of 24h static bioassay tests following the protocols of APHA (1980) 
were conducted to determine if formalin and H2O2 were safe for use on E. coioides 
fingerlings (BW = 1-3 g; TL = 59-76 mm). Fish were randomly assigned to glass aquaria 
containing 5 liters of seawater provided with aeration. Each aquarium contained ten fish.  
After a 1 h acclimatization period, different concentrations of formalin or H2O2 were 
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introduced to each aquarium. Five test concentrations per chemical plus a control 
(seawater only) were conducted per trial. All test concentrations including the control 
(seawater only) were done in three replicates per trial. Therefore, a total of 18 aquaria 
containing ten fish each or a total of 180 fish were exposed to different concentrations of 
either formalin or H2O2 per trial. Fish were observed at regular interval for behavioral 
changes and mortality. The median lethal concentration (LC50) values at different 
exposure periods were computed using the Reed-Muench (1938) method. 

 
In vivo treatment of P. lantauensis. Apparently healthy E. coioides fingerlings 
collected from a net cage farm in Roxas City, Capiz and heavily infected with the gill 
monogenean P. lantauensis (Figure 1b) were transported live to the laboratory. The fish 
were fed with frozen chopped trash fish and maintained under laboratory conditions for 
two days.  The approximate mean intensity of infection of the monogenean on gill 
filaments was determined a few hours prior to the experiment by sacrificing ten fish per 
batch of fish per treatment by dissecting the gill arches and counting the parasites from 
each gill arch under a stereomicroscope. The prevalence and mean intensity of infection 
were determined following Bush et al (1997).  
 

           
 

Figure 1. P. lantauensis: (a) entire ventral view, scale bar=100µm (source: Erazo-Pagador  
& Cruz-Lacierda 2010); (b) scanning electron micrograph of gills of E. coioides with several  

P. lantauensis (arrows) attached in between gill lamellae, scale bar=100µm. 
 
Five fish each were randomly stocked in glass aquaria containing 5 liters of seawater 
provided with aeration. After a 1h acclimatization period, various treatments including 
freshwater, hypersalinity, formalin and H2O2 were introduced to each aquarium.  After 
the desired treatment period, fish were transferred and maintained for 24h in separate 
labeled aquaria containing clean static seawater and provided with aeration. All fish were 
then sacrificed 24h after the treatment and the gills were examined microscopically to 
determine the effect of individual treatment on the parasites. Efficacy of the treatment 
was evaluated by the number of remaining attached live monogeneans on the gills of 
treated fish against untreated fish. Three separate trials were conducted for H2O2, two 
trials each for freshwater and formalin, and one trial for hypersaline treatments. All 
treatments were done with three replicates per treatment including the control (seawater 
only). Data were analyzed after log transformation using analysis of variance and 
Duncan’s multiple range test (DMRT). 
 

a b 
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Results and Discussion. Diseases including parasite problems have become a major 
production constraint in grouper aquaculture. Aside from the actual health status of the 
cultured fish, they are also subjected to considerable stress during regular monitoring 
and handling procedures, harvest and transportation. These can be avoided through 
proper management of the cultured species through regular surveillance, monitoring and 
record keeping of health status of cultured stocks.  
 Although grouper culture is widespread in Asia and technology for hatchery 
production of grouper fry is available, seed stocks for grow-out culture are almost always 
wild-caught (APEC/SEAFDEC 2001). It has been previously observed that wild-caught 
grouper seeds are already infected with parasites prior to stocking in nursery and grow-
out facilities (Leong & Wong 1988, 1995). It is also a common practice, especially in 
Southeast Asia, among net cage grow-out operators to stock overlapping generations of 
grouper, although in different net cages, but in the same farm site receiving the same 
water source (Leong 1997). Thus, cross-contamination among net cage-farmed groupers 
in the same area is most likely to happen. 
 A heavy monogenean population can be a potential source of stress and has been 
associated with outbreaks of vibriosis (Leong 1992; Chua et al 1993). In Japan, the gill 
monogenean Pseudorhabdosynochus epinepheli (Yamaguti, 1938) has caused mortalities 
in cultured red-spotted grouper Epinephelus akaara (Temminck & Schlegel, 1842) 
juveniles with occasional secondary infection with Vibrio spp. (Isshiki et al 2007). 
 The toxicity of chemicals to fish can vary depending on the species and treatment 
conditions. Thus, the tolerance of fish to chemicals should be determined prior to 
chemotherapy. Table 1 shows the survival rate of grouper exposed to 100-300 mg L-1 
formalin for 3-24h. At 250 mg L-1 formalin, survival rate was 100% even after 9h of 
exposure. The computed 3h and 6h lethal concentration at 10% (LC10) were 322 and 
275 mg L-1 formalin respectively, at an experimental water temperature and salinity of 
28oC and 31‰. Table 2 shows the mean lethal concentrations of H2O2 to grouper at 
different exposure times. The 9h LC10 and LC50 of H2O2 to grouper were 255 and 298 
mg L-1, respectively, at 28oC and 33‰. 
 

Table 1 
Survival rate of orange-spotted grouper, E. coioides, fingerlingsa exposed to various 

concentrations of formalin at different exposure periods 
 

Survival (%)/Duration (h) c                                   Concentration of 
formalinb (mg L-1) 3 6 9 12 24 
0 (No formalin) 100.0 100.0 100.0 100.0 83.3 

100 100.0 100.0 100.0 100.0 76.6 
150 100.0 100.0 100.0 96.6 70.0 
200 100.0 100.0 100.0 93.3 60.0 
250 100.0 100.0 100.0 86.6 30.0 
300 96.6 83.3 70.0 63.3 13.3 

a body weight = 1–3 g; total length = 59-76 mm; b 3 replicates/treatment; n = 10 fish/replicate/trial; 28ºC; 
31‰; c mean of 2 trials. 
 

Table 2 
Mean lethal concentration (LC, in mg L-1) of hydrogen peroxide (H2O2) for orange spotted 

grouper, E. coioides, fingerlingsa at various exposure times 
 

Lethal concentration (mg L-1) b  Exposure time (h) 
LC10 LC50 

9  255 298 
12  206  262 
24 150 214 

a body weight = 1–3 g; total length = 59-76 mm; b mean of 2 trials with 3 replicates/treatment/trial;  
n=10 fish/replicate/trial; 28ºC, 33‰. 
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Acute toxicity studies on formalin and H2O2 have been conducted for several freshwater 
and marine fish (Gaikowski et al 1999; Fajer-Avila et al 2003). The reported 24h LC50 of 
formalin on milkfish Chanos chanos (Forsskal, 1775) fingerlings was 322 mg L-1 at 27°C 
and 32‰ (Cruz & Pitogo 1989) and the 12h LC50 of formalin on sea bass Lates calcarifer 
(Bloch, 1790) fingerlings was 273 mg L-1 at 27-29oC and 30‰ (Pascual et al 1994). 
Based on the reported LC50 values at different exposure periods, grouper exhibit more 
sensitivity to formalin and H2O2 than milkfish and sea bass. 
 Tables 3-6 show the efficacy of freshwater, hypersalinity, formalin and H2O2 bath 
treatment against P. lantauensis on grouper at different concentrations and exposure 
times. The 60-120 min freshwater bath treatment reduced the monogenean load by 85-
93% (Table 3). However, these treatment durations were stressful to the fish and 
affected their survival. On the other hand, the 30 min freshwater treatment was not 
efficacious to remove the parasite, resulting in only 50% reduction of monogenean 
burden. Hypersaline treatment at 60‰ for 60 min reduced the monogenean load by up 
to 67% (Table 4) only, but salinities of over 45‰ were lethal to the fish. All the other 
hypersaline treatments tested were not effective. The 250 mg L-1 formalin 1h bath 
treatment reduced the monogenean load by up to 100% (Table 5) but affected survival 
of treated fish. Other treatments including 30 mg L-1 formalin for 24h (data not shown) 
were not effective. A 100% reduction in monogenean load was observed in fish treated 
for 1h with 200-300 mg L-1 H2O2 (Table 6) with no apparent adverse effect on treated 
fish. Similarly, 150 mg L-1 H2O2 for 1h reduced monogean burden by 96% without any 
apparent adverse effect on treated fish. Although 100 mg L-1 H2O2 did not result to any 
mortality on treated fish, it was not efficacious to remove the parasite. 
 The present study showed that freshwater, hypersalinity and formalin bath 
treatments were not efficacious against P. lantauensis. Although 1h freshwater and 250 
mg L-1 formalin can significantly reduce monogenean burden, it may have an adverse 
effect on the treated fish. Further in this study, P. lantauensis on E. coioides can be 
effectively controlled using 200 mg L-1 H2O2 for 1h at a water temperature of 28°C with 
no apparent adverse effect on the host fish. 
 

Table 3 
Efficacy of freshwater bath treatment at various exposure periods against P. lantauensis 

infestation in orange spotted grouper, E. coioides, fingerlingsa 
  

Duration of freshwater 
treatment (min) 

Mean intensity+ 

± SD 
Efficacy of 

treatment (%) 
Fish survival (%) 

24h after treatment 
Control 469a ± 20  0.0  93.5 

30 218ab ± 22  51.0  96.5 
60 65b ± 5  84.5  88.5 
120 50b ± 5  92.5  92.0 

a mean body weight, g (range) = 4.5 (2-8); mean total length, mm (range) = 64.5 (52-80);
 + Monogenean, 

mean of 2 trials with 3 replicates per treatment per trial, 5 fish/replicate; means with the same superscript in 
a column are not significantly different (p = 0.05); SD, standard deviation; *28.5ºC, 30‰. 

 

Table 4 
Efficacy of hypersalinity at various exposure periods against P. lantauensis infestation 

in orange-spotted grouper, E. coioides, fingerlingsa 
 

Salinity (‰)/Duration (min) Mean intensity+ 

± SD 
Efficacy of 

treatment (%) 
Fish survival (%) 

24h after treatment 
30 (Control)* 402a ± 93 0.0 90.0 

45/(30) 391a ± 73 1.0 100.0 
60/(30) 296a ± 26 7.0 0.0 
60/(60) 107b ± 21 67.0 0.0 

a mean body weight, g (range) = 3 (2-6); mean total length, mm (range) = 60 (50-80);
 + 

Monogenean, mean 
of 3 replicates per treatment, 5 fish/replicate; means with the same superscript in a column are not 
significantly different (p = 0.05); SD, standard deviation; *28ºC. 
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Table 5 
Efficacy of 1-hour formalin bath treatment against P. lantauensis infestation  

in orange-spotted grouper, E. coioides, fingerlingsa 
 

Concentration of formalin (mg L-1) Mean Intensity+ 

± SD 
Efficacy of 

treatment (%) 
Fish survival (%) 

24h after treatment 
0 (no formalin)* 469a ± 20 0.0 93.5 

100 400a ± 21 17.5 87.0 
250 3b ± 1 99.5 90.0 

a mean body weight, g (range) = 4.5 (2-6); mean total length, mm (range) = 65 (52-78);
 + 

Monogenean, mean 
of 2 trials with 3 replicates per treatment per trial, 5 fish/replicate; means with the same superscript in a 
column are not significantly different (p = 0.05); SD, standard deviation; *27.5ºC, 30‰.. 

 

Table 6 
Efficacy of 1 h hydrogen peroxide (H2O2) bath treatment against P. lantauensis 

infestation in orange-spotted grouper, E. coioidesa, fingerlings 
 

Concentration of  H2O2 (mg L-1) Mean Intensity+ 

± SD 
Efficacy of 

treatment (%) 
Fish survival (%) 

24h after treatment 
0 (no H2O2)* 367a ± 15  0.0  95.0 

100 248a ± 8  38.3  100.0 
150 20b ± 2  96.0 100.0 
200 0c 100.0 100.0 
250 0c 100.0 100.0 
300 0c 100.0 100.0 

a mean body weight, g (range) = 5.3 (2-19); mean total length, mm (range) = 70.5 (52-115);
  

+ 
Monogenean, mean of 3 trials with 3 replicates per treatment per trial, 5 fish/replicate; means with the same 
superscript in a column are not significantly different (p = 0.05); SD, standard deviation; *28ºC, 30‰. 

 
Liang & Leong (1992) reported that freshwater and 300 mg L-1 formalin for 30min was 
effective in reducing the intensity of the monogenean Haliotrema sp. on golden snapper 
Lutjanus johni (Bloch, 1792). However, they also reported that fish exhibited stress signs 
towards the end of the treatment period. Zafran et al (1998) reported that a 1-day bath 
treatment of 30 mg L-1 formalin was effective in the control of the gill monogeneans 
Pseudorhabdosynochus sp. and Haliotrema sp. on humpback grouper Cromileptis altivelis 
(Valenciennes, 1828). However in this study, 30 mg L-1 formalin for 24h was not effective 
in removing P. lantauensis from E. coioides (data not shown). Isshiki et al (2007) 
reported that H2O2 has potential for controlling the gill monogenean P. epinepheli 
infection on E. akaara. The recommended levels were 700 mg L-1 H2O2 for 15 min at 20-
25°C or for 45 min at 10-15°C. 
 A relatively short exposure of 1h in 200 mg L-1 H2O2 is sufficient to effectively 
remove the monogenean burden without any apparent adverse effect on treated fish. The 
differences in toxicity between E. coioides and P. lantauensis indicate that H2O2 is 
efficacious in the control of the parasite in grouper culture. 
 The use of freshwater, hypersalinity, formalin and H2O2 to treat marine 
ectoparasites has been described in various reports (Yoshinaga et al 2000a, 2000b; 
Mansell et al 2005; Katharios et al 2006; Sitja-Bobadilla et al 2006; Isshiki et al 2007). 
Although formalin can effectively control parasites its negative effects on the 
environment as well as the health and safety risks to users are problematic (Wooster et 
al 2005; Sitja-Bobadilla et al 2006).  Hydrogen peroxide has an environmental advantage 
as it breaks down to water and oxygen (Treasurer & Grant 1997). It is also considered as 
a Low Regulatory Priority (LRP) therapeutant by the US Food and Drug Administration 
and it appears to have no undesirable breakdown product. Its current application in 
aquaculture may be extended (Rach et al 1997). 
 Most parasitic diseases of cultured fish are management-related problems and can 
be prevented through practice of good husbandry and management techniques, including 
the responsible use of chemotherapeutants. It has been mentioned that in Southeast Asia 
fishpond and cage-culture operator practice multi-species farming at high stocking 
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density, with overlapping generations of fish, and no fallowing. Because of this, a 
practical approach to prevention and control of these diseases should be developed. This 
can be done by evaluation and improvements in existing management practices and 
determine if future disease outbreaks can be prevented by adopting changes in culture 
methods. The choice of an appropriate, practical and environmentally-sound treatment 
should go hand-in-hand with accurate disease diagnosis. On-site cage treatments for 
parasite should combine the use of therapeutants with net changes and cleaning to avoid 
fouling organisms that will enhance the proliferation of parasites. 
 
Conclusions. Results of this study suggest that hydrogen peroxide at 200 mg L-1 for 1h 
is effective in eliminating the gill monogenean P. lantauensis on E. coioides fingerlings 
with no apparent adverse effect on the host fish. Freshwater and 250 formalin mg L-1 
bath treatment for 1h can significantly reduce monogenean burden, but may affect  
survival of treated fish. Also, hypersalinity is not efficacious against P. lantauensis. The 
safe level of chemicals to fish should be determined prior to chemotheraphy. 
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