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Abstract

As aquaculture evolves from extensive pond culture to intensive tank and cage systems, chemical
dips and baths are increasingly being used to treat a concomitant increase in ectoparasitic and
bacterial infestations. Some of the main disease-causing agents are ectoparasites on the skin and
gills of fish. Consequently, application of chemotherapeutics is increasing in aquaculture industries
in order to control outbreaks of parasitic infestations. However, the toxic effect of commonly used
chemotherapeutic agents on specific aquacultured fish species is often unknown. The present work
was performed to test the effect of four commonly used chemical treatments on rabbitfish, Siganus
rivulatus. The lethal concentrations for 50 % of population (L.Cs) of formalin, copper sulfate, potassium
permanganate, and hydrogen peroxide for S. rivulatus juveniles treated for 1 h were assessed. Formalin
and potassium permanganate tolerance values were determined by calculating 72-h LCs, values
through probit analysis. The 72-h LCj, values for the formalin toxicity tests were 551.0 and 1.68 mg/L,
respectively. LCs, of copper sulfate and hydrogen peroxide could not be determined from the
concentrations tested but were found to be >3 and >700 mg/L, respectively. Accordingly, treatment
concentrations of formalin and potassium permanganate used for other fish species could be lethal to

S. rivulatus, but the species appears to be quite tolerant to copper sulfate and hydrogen peroxide.
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Recent growth in aquaculture production has
had a concomitant increase in disease inci-
dence, including ectoparasitic and ectobacte-
rial diseases. The aquaculture industry is inun-
dated with reports of infections and troubles
caused by viruses, bacteria, fungi, parasites,
and other unidentified and emerging pathogens
(Bondad-Reantaso et al. 2005). Disease is now a
major restraint to the farming of various aquatic
species, affecting both financial returns and
social development. This increase in ectopara-
sitic incidence can be ascribed to various inter-
related factors, with the major reason being
excessive host population densities in aquacul-
ture (Murray and Peeler 2005). Other factors
include development and enhancement of trade
dealing with live aquatic animals and their prod-
ucts such as ornamental fishes, food fishes, and
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nonliving fish and shellfish (Subasinghe et al.
2001); relocation and use of broodstock, post-
larvae, fry, and fingerlings (Bondad-Reantaso
et al. 2005); introduction of new wild species for
aquaculture improvement; and use of aquacul-
tured aquatic animals for restocking of marine
and coastal areas (Bartley et al. 2006). Aqua-
culturists need tools to manage the health of
their organisms and commonly use chemother-
apeutics such as formalin, potassium perman-
ganate, and copper sulfate as well as hydrogen
peroxide, an effective bactericide and parasiti-
cide (Marking et al. 1994). However, the toxico-
logical effects of these chemicals on each species
of fish should be determined before using them
to treat fish.

The use of chemicals is among the most
efficient techniques in controlling outbreaks
of infectious diseases in aquaculture facili-
ties (Tucker and Boyd 1985). However, few
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chemotherapeutics are permitted by govern-
mental licensing agencies such as the US Food
and Drug Administration (FDA) for use in the
food animal sector (FDA 1992; FDA 1998;
Smith 1998). Among the chemicals permitted,
some are not suitable for use with all species of
aquacultured fish; hence, suitability and appro-
priate concentration have to be established on a
per-species basis.

Formaldehyde is a naturally occurring organic
compound with the formula CH,O. Forma-
lin (formaldehyde 37%, w/v) is one of initial
chemotherapeutic agents approved for use by the
FDA (FDA 2002) in fish culture in the USA.
The first use of formalin in fish culture was sug-
gested by Leger (1909) to control Costia on trout
and is still commonly used for the prevention
and treatment of ectoparasites and fungal infec-
tions in cultured fish and fish eggs (Schreier
et al. 1996). However, formalin can contribute
to oxygen depletion in water and should be
used in conjunction with vigorous aeration, espe-
cially at high temperatures (Francis-Floyd 1992;
Francis-Floyd 1993). Formalin is more toxic in
warm, soft acidic water (Stoskopf 1988) than
in cool hard waters. Formalin does not have
widespread use because of its high cost and prob-
lems associated with human handling (Straus
and Griffin 2001).

Copper sulfate (CuSO,) is an effective ther-
apeutic agent for ectoparasitic infection such
as ichthyophthiriasis (“Ich”’) and other common
parasitic fish diseases (Ling et al. 1993; Schlenk
etal. 1998). It is also widely used for prophy-
laxis in salmonid culture and in the treatment
of external bacterial diseases of fish in temper-
ate countries (Ling and Tan 1990; Reardon and
Harrel 1990) and is a legal algicide in fish ponds
(Straus 1993). CuSOj, is frequently used in salt-
water for the treatment of Cryptocaryon irritans
and Oodinium (Sindermann 1977; Gratzek 1983;
Diamant et al. 1999). Moreover, CuSO, is theo-
rized to be absorbed into a fish’s epithelium or
mucous surface, thus hindering bacterial attach-
ment (MacFarlane et al. 1986). However, high
concentrations of CuSO, could be toxic to fish
and cause a depression in their immune sys-
tem, thus rendering them more susceptible to
disease (Cardeilhac and Hall 1977). CuSO, is

not approved by the FDA for use on food fish
(FJSA 1994) but is used in other countries and
thus should be evaluated as a therapeutant.

Potassium permanganate (KMnQO,) is a strong
oxidizing agent used in fish farming for reduc-
tion and prevention of fish diseases, treatment of
infection, water clarification, detoxification of
fish toxicants such as rotenone and antimycin,
fungus and algae control, and previously for
managing oxygen depletion (Lawrence 1956;
Lay 1971; Tucker and Boyd 1977; Bishop
2001; Straus and Griffin 2002; Thomas-Jinu and
Goodwin 2004; Ghelichpour and Eagderi 2012).
Being a strong oxidizer, the effectiveness of
KMnO;, is determined by the amount of soluble
organic matter in the water (Marking and Bills
1975). In natural settings, potassium perman-
ganate demand (PPD) is estimated as a 15-min
demand test by multiplying the estimate of
permanganate used up in reactions with organic
substances in the water by 2.5 (Tucker 1989).
The safety of KMnO, in freshwater systems
is well documented, but its toxicity to fish in
saltwater systems is less well known. However,
KMnO, is less toxic to fish in low-alkalinity
waters than copper sulfate and thus often safer
to use (Tucker 1987).

Hydrogen peroxide (H,O,) is a highly reac-
tive, strong oxidizing, and whitening chemical
that is labeled as corrosive at concentrations
greater than 20%. H,0O, progressively breaks
down in water into oxygen and water. Hence,
it is considered to be relatively safe for the
environment (Yanong 2008). Hydrogen perox-
ide is thus ideal for use in aquaculture against
many external parasites, bacteria, and fungi, on
various species and life-stages of fish (Mark-
ing etal. 1994; Yanong 2008). In 2007, the
FDA approved a hydrogen-peroxide-based fish
treatment product (35% PEROX-AID®:; Eka
Chemicals, Marietta, GA, USA), to be used for
control of mortality in freshwater-reared finfish
eggs infected by Saprolegnia, freshwater-reared
salmonids infected by Flavobacterium bran-
chiophilum (bacterial gill disease), and in
freshwater-reared-cold-water finfish and channel
catfish infected by Flavobacterium columnare
(external columnaris disease) (FDA 2007).

85UB017 SUOLLILLIOD SAITE.1D) 8|edldde aup Aq peusenob ae Sapile VO ‘SN J0 SaIN1 10} A%eid18UIUO AB[IM UO (SUOIHIPUOD-PUB-SLUB)/WI0D" A8 1M Al.d 1 |BUI|UO//:SANY) SUORIPUOD PUe SWLB | 3y} 88S " [1202/70/92] Uo Ariqiaulluo A8 1IM ‘NONYE3T-IdVNIH AQ Z2bZT SeMITTTT 0T/10p/wo0 A8 1M Are.d 1 put|uo//:sdny wioly papeojumod '9 ‘LT0Z ‘StEL6v.T



TOXICITY OF THERAPEUNTS TO RABBITFISH 879

Siganids (rabbitfish) are a family of
algaevorous marine fish found in the Indo-
Pacific region and Red Sea (Lam 1974; Tacon
etal. 1990). Siganus rivulatus migrated to the
eastern Mediterranean upon opening of the
Suez Canal in 1869 (Por 1964) and was first
described in the eastern Mediterranean as early
as 1927 (Tortonese 1970). Rabbitfish have
long been appreciated food items in their native
Indo-Pacific regions and demand is increasing in
Eastern Mediterranean countries. Accordingly,
there is strong interest in farming the species.
Several adaptive characteristics make marbled
rabbitfish good candidates for aquaculture. They
are eurythermal and euryhaline (Saoud et al.
2007; Saoud et al. 2008b) and can tolerate high
stocking densities and handling stress (Saoud
etal. 2008a). Although they are algaevorous
in nature, they are omnivorous in culture sys-
tems (El-Dakar et al. 2010) and readily accept
artificial feed (Parazo 1990). However, rabbit-
fish as any aquacultured fish are susceptible
to parasitic infestations and thus farmers need
to have a chemotherapeutic agent ready and
know the safe effective concentrations of use.
The present work was performed to evaluate
tolerance of S. rivulatus to four commonly
used chemotherapeutic agents (formalin, copper
sulfate, potassium permanganate, and hydrogen
peroxide) in order to define safety thresholds for
prophylaxis and treatment when necessary.

Materials and Methods

The present work was performed at the aqua-
culture research laboratory of the American
University of Beirut (AUB). Institutional animal
care approval was obtained from the AUB prior
to testing. S. rivulatus juveniles were caught
off the Beirut beach and held for 2wk for
acclimation in a saltwater recirculating system.
Prior to the start of all tests, fish were starved
24h to avoid postprandial metabolism. All
seawater used in the experiment was pumped
from a coastal well, chlorinated for 24 h, and
then dechlorinated with sodium thiosulfate
prior to use. In all tests, fish were placed in
aerated 10-L containers filled with saltwa-
ter and the various chemical concentrations
described below. Oxygen concentration in the

containers was monitored throughout each
experiment using a YSI Model 85 handheld
dissolved oxygen (DO) meter (YSI Inc., Yel-
low Springs, OH, USA). Each treatment was
replicated three times. Mean values of water
parameters in all experiments were as fol-
lows: temperature 22.05 + 1.4 ppt (mean + SD);
salinity 30.8+1.53¢g/L; pH7.9+0.12; DO
7.05 +0.49 mg/L; and alkalinity 180 mg/L. The
fish were subjected to a 1-h bath treatment and
then transferred into individual 52-L (58 x 30 x
30 cm; length X width X height) glass aquaria,
equipped with air diffusers for recovery. Behav-
ior and mortality were monitored and recorded
twice daily up to 72 h posttreatment.

For the formalin experiment, S. rivulatus with
a mean weight, length, and condition index
of 2.6 g+ 1.07 (mean + SD), 6.1 +0.78 cm, and
1.1+ 0.09, respectively, were used. Four forma-
lin trials were performed and each included a
control group. Formalin concentrations used in
the trials were as follows: Trial 1: 50-250 mg/L;
Trial 2: 250-450 mg/L; Trial 3: 450—650 mg/L;
and Trial 4: 100-500 mg/L using a 37-40%
formaldehyde stock solution. In the control treat-
ment, only methanol was added to the water as
it is present as a stabilizer in the stock solution.
The number of fish stocked in each of Trials 1 -4
was 12 fish per replicate container.

For the copper sulfate experiment, we used S.
rivulatus juveniles with a mean weight, length,
and condition index of 3.5 g + 1.59 (mean + SD),
6.7+098cm, and 1.1+0.15, respectively. A
copper sulfate stock solution was prepared by
dissolving 5 g of copper sulfate (CuSO, 5H,0,
reagent grade, Merck, Inc., Kenilworth, NIJ
U.S.A.) in 1L of distilled water. Five drops
of HCI were added to the stock solution for
complete dissolution of crystals (APHA 1981).
Fresh solutions of CuSO, were prepared imme-
diately from the stock solution before use. Seven
treatments of CuSO, with three replicates per
treatment and 15 fish per replicate were assayed.
CuSO, concentrations tested were between
0.0 and 3.0 mg/L, increasing by 0.5 mg/L per
treatment.

For the potassium permanganate experi-
ment, we used S. rivulatus juveniles with a
mean weight, length, and condition index of
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49g+147 (mean+SD), 74+0.71cm, and
1.2+0.10, respectively. Fresh solutions of
KMnO, were prepared immediately before
use. Treatment concentrations used for KMnO,
ranged between 0.0 and 3.0mg/L, with three
replicates per treatment and 15 fish per replicate.
For the hydrogen peroxide experiment, we
used S. rivulatus juveniles with a mean weight,
length, and condition index of 3.4g+1.75
(mean+SD), 6.6+1.00cm, and 1.1+0.07,
respectively. When testing the effects of H,0,,
the air diffusers were removed from the con-
tainers because aeration would have increased
the rate of H,O, breakdown. Four H,O, chal-
lenge trials were performed in the present
study and each included a control group. H,O,
concentrations used were as follows: Trial 1:
50-250 mg/L with 0 mg/L as a control; Trial 2:
300-500 mg/L with 250 mg/L as a control; Trial
3: 500-700 mg/L. with 250 mg/L as a control;
and Trial 4: 100-500mg/L with Omg/L as a
control. Dilutions of H,O, were made from sta-
bilized 30% H,0O, (Sigma-Aldrich, Ibra.Hadad
et Fils, Metn, Lebanon). At termination, DO was
measured in the various treatments to ensure
adequate DO levels. The number of fish stocked
in each of Trials 1-4 was 12 fish per replicate.
Statistical analysis was performed using SPSS
for Windows, Version 16 (Released 2007; SPSS,
Inc., Chicago, IL, USA). Lethal concentra-
tions for 50% of the population (LCs,) 72h
post-challenge were determined. Percent mor-
tality data were converted to probit values for
formalin and potassium permanganate, and
their concentrations were log transformed. A
weighted linear regression was performed on
the transformed data from which LCsy, values
were calculated. Additionally, mean cumulative
mortalities were calculated across treatments for
each experiment and a one-way ANOVA was
performed. Mean differences were analyzed
using the Student—Newman—Keul’s means
separation test. Significance level was set to 5%.

Results

Results of the present experiment suggest that
S. rivulatus are more tolerant to copper sulfate
and hydrogen peroxide than most other fish
tested, but their susceptibility to formalin and

TABLE 1. LCjy of formalin, copper sulfate, potassium
permanganate, and hydrogen peroxide for Siganus rivulatus
Jjuveniles at 72 h posttreatment.

Chemical LCsq (mg/L) Range (mg/L)
Formalin 551.0 507.3-620.7
CuSO, >3 _
KMnO, 1.68 1.55-1.80
H,0, >700 -

potassium permanganate is within ranges estab-
lished for other species of fish (Table 1).

Formalin

There were significant differences in mor-
tality of fish in the various formalin treat-
ments (P <0.001). As formalin concentrations
increased, we observed loss of equilibrium, fish
coming to the surface or going to the bottom
of the tank, lying upside down or on their side,
and finally, death at high concentrations. For-
malin treatments of 600 and 650 mg/L resulted
in a mortality of >50% at 72h posttreatment
(Table 2). The probit calculated LCs, of for-
malin for S. rivulatus juveniles was 551.0 mg/L
with a 95% confidence interval of 507.0-617.8.
Behavioral changes noted during recovery fol-
lowing formalin exposure included avoidance
during which the fish cowered in a corner of
the tank, a behavioral sign of stress according to
WendelaarBonga (1997).

Copper Sulfate

The tested concentrations of copper sulfate
(0-3mg/L) did not show any toxic effect on S.
rivulatus juveniles. No mortalities were recorded
up till 72 h posttreatment (Table 3). Accordingly,
an LCs, of copper sulfate could not be deter-
mined in the present experiment.

Potassium Permanganate

Mortality of fish challenged with KMnO,
differed  significantly —among treatments
(P<0.001). Potassium permanganate con-
centrations >2mg/L. caused a mortality of
>50% at 72 h posttreatment (Table 4). The pro-
bit calculated LCs, of potassium permanganate
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TABLE 2. Percent mortality (mean + SD) of Siganus
rivulatus juveniles at 72 h posttreatment with various
concentrations of formalin for 60 min at 21.8 C, salinity
29.4mg/L, pH 8.0, and dissolved oxygen 7.6 mg/L. Numbers
with different superscripts are significantly different from
each other.

TABLE 4. Percent mortality (mean + SD) of Siganus
rivulatus juveniles at 72 h posttreatment with varying
concentrations of potassium permanganate for 60 min at
24.1 C, salinity of 33 g/L, pH 7.8, and dissolved oxygen
6.5 mg/L. Numbers with different superscripts are
significantly different from each other.

Formalin  Number of Number of fish

(mg/L) replicates per replicate % Mortality
0 12 12 0.0°+0.0
50 3 12 0.0 +0.0
100 6 12 0.0*+0.0
150 3 12 0.0* +0.0
200 6 12 0.0*+0.0
250 5 12 8.4%0 +8.50
300 4 12 8.8%0 +2.87
350 3 12 22.3%¢ +4.62
400 6 12 32.8°+13.32
450 4 12 34.2°+10.40
500 4 12 37.5¢+7.59
550 3 12 35.0°+7.07
600 3 12 50.04 + 14.14
650 3 12 70.0° +28.28
P value 0.000

TABLE 3. Percent mortality (mean + SD) of Siganus

rivulatus juveniles at 72 h posttreatment with varying
concentrations of copper sulfate for 60 min at 21.3 C,
salinity of 30.5 g/L, pH 8.0, dissolved oxygen 7.3 mg/L, and
alkalinity 180 mg/L.

Copper Number of Number of

sulfate (mg/L) replicates fish per replicate % Mortality
0 3 15 0+0

0.5 3 15 0+0

1.0 3 15 0+0

1.5 3 15 0+0
2.0 3 15 0+0
2.5 3 15 0+0
3.0 3 15 0+0

P value >0.05

for S. rivulatus juveniles was 1.68 mg/L with a
95% confidence interval of 1.55-1.80.

Hydrogen Peroxide

There were significant differences in fish mor-
tality among H,O, treatments (P <0.001).
Hydrogen peroxide concentrations up to
350 mg/L did not have an apparent toxic effect
on S. rivulatus juveniles (Table 5). At concen-
trations between 400 and 700mg/L, some

Potassium

permanganate Number of ~ Number of

(mg/L) replicates fish per replicate % Mortality
0 3 15 0.0* +0.00
1.0 3 15 8.9 +10.20
L5 3 15 40.0° +6.70
2.0 3 15 51.1°+10.20
2.5 3 15 93.2°+6.70
3.0 3 15 97.8°+3.90
P value 0.000

TABLE 5.  Percent mortality (mean + SD) of Siganus

rivulatus fry at 72 h posttreatment with varying
concentrations of hydrogen peroxide for 60 min at 21 C,
salinity 30.5 g/L, pH 7.8, and dissolved oxygen 6.8 mg/L.
Numbers with different superscripts are significantly
different from each other.

Hydrogen

peroxide Number of Number of fish

(mg/L) replicates  per replicate % Mortality
0 6 12 0.0* +0.00
50 3 12 0.0* +0.00
100 6 12 0.0* +0.00
150 9 12 0.0* +0.00
200 6 12 0.0* +£0.00
250 12 12 0.0* +0.00
300 3 12 0.0* +0.00
350 3 12 0.0* +0.00
400 3 12 5.5%0 +4.79
450 3 12 5.5%0 +4.79
500 6 12 12.280¢ + 823
550 3 12 19.5° +20.98
600 3 12 30.64 +12.72
650 3 12 13.980¢ +17.33
700 3 12 17.45¢ +9.52
P value 0.000

S. rivulatus juveniles died but mortality
remained less than 50% in all treatments; how-
ever, at concentrations greater than 550 ppm,
there was no correlation between concentration
and mortality. Consequently, the LCs, of hydro-
gen peroxide could not be determined in the
present experiment.
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Discussion

As aquaculture evolves from extensive pond
culture to intensive tank and cage systems,
chemical dips and baths are increasingly being
used to treat a concomitant increase in ectopar-
asitic and bacterial infestations. The chemicals
used at various dosages are supposed to affect
the ectobionts without harming the fish. How-
ever, tolerance to the chemotherapeunts can dif-
fer depending on fish species and treatment
conditions (Hoffman and Meyer 1974; Kabata
1985). Hence, the toxicity of the chemical used
for the fish being treated should be established
before applying chemical treatments to manage
disease epizootics. This is especially important
as the recommended concentrations and associ-
ated treatment durations and types (dip, bathe,
and others) of the various therapeutic agents are
nearly at the lethal concentration for some cul-
tured species.

According to label recommendations of
the three commercial formaldehyde products
approved by the FDA for use in US aquaculture
as parasiticides — Parasite-S, Paracide-F, and
Formalin-F — treatment concentrations range
from 15 to 250 mg/L for control of protozoan
and monogenetic trematodes on fish and shrimp,
and up to 2000 mg/L for control of fungi on fish
eggs. Labels do not specify toxicity levels to
various species of fish. In the present work, S.
rivulatus juveniles appeared to be quite tolerant
to formalin when compared with other marine
teleosts.

Fish treated with excessive formalin die
because of formalin-induced gill damage
including epithelial division, denaturation, and
hardening of gill tissue protein that interrupt
osmoregulation and gas exchange (Cruz and
Pitago 1989; WendelaarBonga 1997). Because
the intensity and lethality of gill damage vary
with species, size, and metabolism, as well
as salinity in some cases (Hoseini and Nodeh
2013), it is necessary that the tolerance of the
fish be empirically assessed for each species.
Present results suggest that LCs, of forma-
lin for S. rivulatus juveniles (551.0mg/L) is
greater than LCs, of formalin for many marine
teleosts, such as Florida pompano, Trachinotus

carolinus, LC5, = 69 mg/L (Birdsong and Avault
1971); Atlantic salmon fingerlings, Salmo salar,
LCsy=69mg/L (Bills etal. 1977); American
eel, Anguilla rostrata, LCs; =81 mg/L (Hinton
and Eversole 1978); striped bass fingerlings,
Morones axatilis, LCs,=10.8mg/L (Rear-
don and Harrel 1990); and bulls eye puffer
fish, Sphoeroides annulatus, LCsy=79 mg/L
(Fajer—Avila et al. 2003); and thus formalin can
be used as a prophylactic or treatment for this
species.

Copper sulfate is used for treatment of external
invertebrate parasites of fish and is an Environ-
mental Protection Agency-approved algicide
(Cardeilhac and Whitaker 1988; FISA 1994).
The active ingredient is the concentration of
free divalent copper ion (Cu?*) (Harms 1996;
Yanong 2009). According to Masser and Jensen
(1991), copper sulfate concentrations used for
treatments range between 1 and 2 mg/L for water
with total alkalinity between 150 and 200 mg/L.
Recommended dosage is 0.15-0.20 mg/L, free
copper (Cu?*) (Noga 1996). Acute toxicity
values of copper sulfate to various fishes vary
considerably. In freshwater fish, LCs, ranges
between 0.30 and 7.57 mg/L (Benoit 1975; Ling
etal. 1993; Park and Heo 2009; Zarei et al.
2013). In saltwater teleosts, LCs, of copper
sulfate ranges between 1.40 and 2.31 mg/L
(Birdsong and Avault 1971; Taylor et al. 1985;
Gharedaashi et al. 2013). In the present saltwa-
ter work, rabbitfish juveniles did not exhibit any
mortality at 3 mg/L CuSO, at which point resis-
tance assessment was discontinued. Toxicity
of copper sulfate decreases in waters with high
salinity and alkalinity (Stiff 1971) and this is a
possible reason we did not observe an effect in
the present work. Accordingly, higher amounts
of copper sulfate might be needed to induce a
toxic effect or cause mortality in S. rivulatus
juveniles. Nevertheless, present results suggest
that copper sulfate up to 3 mg/L could be safely
used in prophylaxis and treatment of S. rivulatus
juveniles.

KMnO;, is often used as an external bacterici-
dal and fungicidal agent. The active ingredient is
the permanganate ion, a strong oxidizing agent.
If KMnO, is not used properly, its oxidizing
activity can cause major damage to treated
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fish (Marecaux 2006). KMnO, may also alter
the ionic balance of the water compared with
the blood of the fish, affecting osmoregulation
(Marecaux 2006). According to Stuart (1983)
and Noga (1996), KMnO, is not as common
for the treatment of marine fish species as for
freshwater fish because higher pH typically
associated with saltwater is suggested to cause
manganese dioxide to precipitate onto the gills,
which increases the toxicity of KMnO,.

Potassium permanganate tolerance is reliant
on water quality, exposure time, and the species
of fish. According to Plumb (1999), the toxic-
ity margin of KMnO, to saltwater fish species
is quite thin ranging between 1 and 3 mg/L.
For S. rivulatus juveniles, LCs, was determined
to be 1.68 mg/L (1.55-1.80). In other marine
fishes, LCs, of KMnO, ranged from 0.75 to
3.46 mg/L (Wellborn 1969; Birdsong and Avault
1971; Marking and Bills 1975; Cruz and Tamse
1989; Ghelichpour and Eagderi 2012; Nodeh
and Hoseini 2013). Hence, present results are
within ranges reported in the literature. However,
we document that S. rivulatus when prophylac-
tically dipped in KMnQO, solutions, tend to get
stressed and exhibit mortality within 24 h. Possi-
bly, a potassium permanganate dip could be used
as a stress test for rabbitfish.

H,0, is considered an environment-friendly
choice of chemotherapeutic agent because it
breaks down readily into water and gaseous oxy-
gen (Kiemer and Black 1997). Hydrogen per-
oxide has a highly reactive nature resembling
potassium permanganate. H,O, fights infections
through the action of reactive oxygen species
by causing lipid peroxidation, protein and DNA
destruction, and activation and inactivation of
enzymes (Gilbert et al. 1984; Afanas’ev 1991,
Vroegop et al. 1995). However, increased usage
of, or overdosing by, H,O, can induce gill dam-
age and negatively affect fish growth (Speare
et al. 1999).

Studies on acute toxicity of H,O, to various
fish species showed that LCs, ranged between 50
and 2010 mg/L (Clayton and Summerfelt 1996;
Arndt and Wagner 1997; Rachet al. 1997). H,0,
treatments may increase the levels of stress to
both healthy and infected fish without neces-
sarily causing death (Arndt and Wagner 1997,

Avendafio-Herrera et al. 2006). In the present
study, LCs, of H,O, in S. rivulatus juveniles
could not be determined but is expected to be
greater than 700 mg/L. Hence, the therapeutic
level for H,O, use in S. rivulatus juveniles
is within recommended ranges for fish (up to
500 mg/L) and does not apparently have negative
effects on the fish.

According to results of the present study,
we recommend that siganid aquaculturists
use copper sulfate and hydrogen peroxide as
chemotherapeutics rather than formalin or
potassium permanganate. We did not establish
the concentrations needed for treatment of spe-
cific ectoparasites and would recommend using
concentrations less than the maximum tolerable
because diseased fish tend to be less tolerant
than the healthy fish used in the present work.
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