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Abstract: Prophylactic methods against Pseudorhabdosynochus @ ing heli (Monogenea) irfection on the fish Fp inephelus coioides
were nvestigated in April 2000. The effect of formalin in seawater on P. @inehdi was that the semi lethal conceriration is 250 x
10™ ° for 25 min, and 50x 10" ° for SO min. The effect of foralin in freshwater on P. @ine heli is reported as: the semi lethal
concentration was 83% 107 for 3min. The semi_lethal time for freshwater alone was 21 min. The toxicity of formalin in seawater
to E. coioides was assessed: the semi_anaesthetic concentration was 940x 10”® in 30 min and 645% 10" ° in 45min. The toxicity
of formalin in freshwater to E. coioides was as follows: the semi_anaesthetic concentration was 1 300 10~ % in 5 min and 500 x
10" % in 10 min. The semi lethal fomalin concentration to E. coidides in seawater was between 600x 10” ® and 1 000x 10™°,
and in freshwater was between 250% 10”° and 500 x 10™ °.
were 95 min and 115 min respectively. These results demonstrated that the lethal formalin concentrations for P. e inepheli in both

The semi_anaesthetic and semi_lethal time of E. coioides in freshwater

seawater and freshwater fell in a safe range for E. coioides.
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The grouper, Epinephelus cotoides, 1is a highly
valued cultured fish on South China wast. Culture
started in the 1980s and the annual production has
exceeded 2500 metric tors in recent years. The fish are
cultured in floating off shore cages, but many parasite_
related disease outbreaks have become a serious problem
and often resulted in significant economic loss.

P. epinepheli is frequently found in both diseased
juvenile and dead grown fish and the diseased fish is
treated by eradicating the woms. This worm is thus
considered one of the persistent potential threats to the
culture of E. wioides. Fishermen in South China usually
expel the worms together with other monogeneans by
freshwater or formalin dip, methods widely used in
1997). These

methods are often but not alvays effedive because of the

Southeast Asia mariaulture ( Leong,

inaccurate dosage in practical wse and the lack of precise
concentration range within which parasite are killed or
expelled without any ham done to the fish.

The objective of this study is to investigate the
toxicity of fomalin in freshwater and seawater to E.

coioides and to P. epinepheli in vitro.
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1 Materials and Methods

Freshwater formalin solution was prepared in various
concentratiors, 100 10°°, 150 10 °, 200x 10°°,
250 10 °, 500 10 °, 1000x 10 °, 1500% 10 °
and 2 000 x 10_6; whereas seawater fomalin solution
was prepared in concentrations of 200 X 10°°, 400 x
100°, 600 107°, 1000 10°°, 1 500 10™° and
2000x 10" °. Fourteen tanks of 5000ml each were filled
with 2 000 mL of the prepared solutions respectively and
an extra tank was filled with 2 000 mL pure freshwater.
Eighty healthy fish of length 26~ 30 mm were selected for
the experiment. Each tank had 5 experimental fish put
into it and was supplied with aeration. Observation was
carried out at 5 minute intervals for one hour. Then, the
solution in all tanks was changed into ordinary seawater
and the fish were cultured for 5 hours in order to observe
the recovery of the fish from anaesthesia. The fish
recovering from the subsequent culture were nsidered to

have been anaesthetized,

died.

while those not recovering
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P.epinepheli was obtained from a fish of body
length 72 an and body weight 13 000 g, that was close to
death because of serious infection of P. epinep heli. Fifty
active worms were selected for treatment experiment. The
treatment time of killing efficacy of formalin solution to
P . epinepheli in freshwater and seawater was determined
according to the practical experience of fishermen and
freshwater
solution it was less than 10 mimutes and it was 30~ 60

previous fish treatment experiments. In

minutes in seawater. Seawater formalin concentrations for
parasite dip were 50x 10°°, 200x 10™°, 300x 10 °,
and 400 x 10 6; freshwater formalin concentraion were
50 x 10°°, 100 x 10°°, and 200 x 10°°. Pure
freshwater (distilled water) and filtered seawater (pH 8.3
and salinity 33%0) were set as Water

temperature was 15 C. Treatments were conducted in 9

control.

petri dishes of 10 cm in diameter, each holding 5 worms.
Worms stopping vermiculation and not recovering in pure
seawater were regarded as dead. The time when a wom
stops vermiculting was recorded.

Reed Muench method was adopted to calculate semi_
anaesthetic and

(Chen, 1981).
2 Results

2.1 Toxicity of seawater formalin solution treat_
ments to £ . coioides
Seawater formalin solution showed weaker effect in
anaesthetizing fish (Table 1). With 600 x 10°° of
the fish was not

semi lethal concentration and time

seawater formalin solution dip,
anaesthd ized in 60 minutes. When the solution was as
high as 1 000 x 10" ° the fish still showed no sign of
anaesthesia until 20 minutes later. Therefore 30 minutes
and 45 minutes were chosen to calculate semi anaesthetic
concentration. The results were showed in Table 2 and
3.

The semi anaesthetic concentration at 45 minutes
was calculated as 45 x 10_6, and that at 30 minutes
was worked out as 1 000x 10 °.

The semi_anaesthetic time of fish in 1 000 x 10 6
solution was 16 minutes with the data in table 4.

2.2 Toxicity of freshwater formalin solution
treatment to E. coioides

The freshwater formalin solution of wncentration less
than 250 x 10™ ° could not anaesthetize E. coioides within
60 min (Tab.4). The effect of freshwater formalin
solution of concentration of 500 % 10”° on the fish was
first observed at 5 minutes. With the increase of
treatment time and formalin concentration the toxicity
Results of

anaesthet ization & 5 and 10 minutes were chosen to

became more and more distinct ( Tab. 5).

Tab.1 Anaesthesized and died record of
E . coioides in seawater formalin solution’
¢/107 ¢

#/ min
200 400 600 1000 1500 2000
5 0 0 0 0 0 0
10 0 0 0 0 0 0
15 0 0 0 0 0 1°
20 0 0 0 1° 1° 2
25 0 0 0 1° 1 2
30 0 0 0 N & 3
35 0 0 0 28 2t 4°
40 0 0 0 2 2! 4
45 0 0 0 3 4 5
50 0 0 0 5 5 5
55 0 0 0 5 5 5
60 0 0 0 5 5 5
Mottaliy %" 0 0 0 100 100 100

1) a: Anaesthesized; b: monality afier moving into ordinary

seawater 5 hours late

Tab.2 Anaesthetic ratio of E. coioides in different
concentration of seawater formalin solution at 45 min

d 100% No.Ana. No. of Sur. Acc.ana. Acc. Sur. Ana. Ratio
600 0! 5 0 8 0
1000 3 2 3 3 50
1500 4 1 7 1 87.5
2000 5 ot 12 0 100

Ana. : anaesthetized; Sur: surwived;

Acc. : Accumulated number along the arow direction

Tab.3 Anaesthetic ratio of E. wioides in 1 000x 10 °
seawate formalin solution at different time’

{/min  No.Ana. No. of Sur. Acc.ana. Acc. Sur. Ana.Ratio

15 0! 5 0 25 0

20 1 4 1 20 5

25 1 4 2 16 11
30 1 4 3 12 20
35 2 3 5 8 38
40 2 3 7 5 58
45 3 2 10 2 83
50 5 (N 15 0 100

1) Ana. : anaesthetized; Sur: suvived;

Acc. : Accumulated number along the arow direction

calculate semi_anaesthetic concentration because all fish
were anaesthetized in high concentration solution at 10
minutes later. The semi anaesthetic concentration at 10
minutes was calculated to be 500% 10° ° and at 5 minutes
it was 1300% 10" °. The semi_anaesthetic time of the fish
treated with 1 000x 10™° freshwater formalin solution was
6. 5 mirutes.
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Tab. 4 Anaesthesized and died record of
E. coioidesin freshwater formalin solution”

d10°°

t/ min
100 150 200 250 500 1000 1500 2000
5 0 o o o 1~ 1 2 &
10 0 o o o 2* 3 5 5
15 0 0O 0 0 4 4 5 5
20 0 o 0 0 5 4 5 5
25 0 0O 0 0 5 5 5 5
30 0 o o0 o0 5 5 5 5
35 0 0 0 0 5 5 5 g1°
40 0 0 0 0o 5 5 5t 3
45 0 0o o0 0 5 5 5 23"
50 0 0 0 0o 5 5 5 5
55 0 0 0 0 5 5 14 5
60 0 0 0 0o 5 5 5 35

Morta_
0 0 0 100 100 100 100

lity % ©

1) a:

ordinary seawater 5 hours late

Anaesthesized; b: died; c¢: monaiy after moving into

Tab. 5 Anaesthetic ratio of £ . coioides in different

concentration of freshwater formalin

solution at 10 min"’

¢/107% No.Ana. No.of Sur. Acc. ana. Acc.Sur. Ana. Ratio
250 04 5 0 10 0
500 2 3 2 5 29
1000 3 2 2 71
1500 5 0 10 0 100
2000 5 () 15 0 100

1) Ana.: anaesthetized; Sur: survived;

Acc. : Accunulated number along the arrow direction

2.3 Toxicity of freshwater treatment to £ . coioides
E . coioides in freshwater can normally swim for
more than one hour although with abnomally opened
mouth and gill cavity. Anaesthesia was observed after 2
hours, as shown in slow swimming, sinking to the bottom

and finally dying with widely opened mouth. No twitching
was observed. From the data in table 6 the semi_
anaesthetic and semi_lethal times were worked out as 95

minutes and 115 minutes.

Tab.6 Anaesthesized and died record of
E. coioides in freshwater
{/min 10 20 30 40 50 60 70 8 90

number 0 0 0 0 0 0 0 0 0

{/min 100 110 120 130 140 150 160 170 180
number 0 0 0 2a 4a Sa 3a2b ladb 5b
a: Anaesthesized; b: died; * : mortality afier moving into

ordinary seawater 5 hours late

2.4 Killing effect of formalin solutiontreatment of
different concentrations to P. epinep heli in vitro

The tolerence of P. epinepheli to seawater fommalin
solution was better than to freshwater formalin solution.
In seawater formalin solution, worms were not killed in
low concentration solution of 0% 10 within 60 minutes
(Tab.7). Even in 400 x 10°° seawater fomalin
In freshwater

formalin solution, worms began to die in 3 minutes and

solution, worms could survive for 15 min.

all were killed within 10 minutes in low concentration of
50 x 10°°. The
epinepheli in seawater formalin solution at 25 minutes
(250 x 107 6) was much higher than that in freshwater
formalin solution at 5 minutes (83 x 10 6) (Tab. 8).
Freshwater dip anaesthetized P. epinep heli in vitro
after 10 minutes of treatment and killed all of them within
60 minutes (Tab.9). The semilethal time is 21

minutes.

semi lethal ncentration of P.

3 Discussion

Many studies have been made of the monogenean

parasites on serrenids ( Dyer, Williams and Bunkley_

Williams, 1995; Vidal Martinez et al., 1997)

Tab. 7 Death record of P. epinepheli in seawater, freshwater formalin solution of
different concentrations and the pure freshwater along the treatment time

1/ min
Treatment

1 3 5 10 15 20 25 30 40 50 60
Fikered Seawater 0 0 0 0 0 0 0 0 0 0 0
50% 107 in seawater 0 0 0 0 0 0 0 0 0 0 0
200% 10™° in seawater 0 0 0 0 0 0 1 2 2 4 4
300% 10”° in seawater 0 0 0 0 0 0 1 2 2 4 5
400% 10™° in seawater 0 0 0 0 0 3 4 5 5 5 5
Pure Freshwater 0 0 0 0 0 2 2 4 4 4 5
50% 10" ° in Freshwater 0 1 2 5 5 5 5 5 5 5 5
100x 10™® in Freshwater 1 2 5 5 5 5 5 5 5 5 5
200% 10”° in Freshwater 2 5 5 5 5 5 5 5 5 5
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Tab.8 Semi lethal concentration of P. epinepheli in different treatment and time
Death No. of No. of Total Total Morta_ Semi lethal
 min Treatment ratio Death Survivor death Survivor liy concentation
50x 10™° in seawater 0 0 5 0 12 0
5 200% 10:: ?nseawater 40 12 3 2 7 22 -
300% 10" ° in seawater 40 2 31 4 4 50
400x 10”° in seawater 80 4 1 8 1 89
50% 10 ® in seawater 0 0 5 0 6 0
o 200 10" ®in seawater 80 4 1 4 1 80 -5
300x 10" in seawater 100 5 0 9 0 100
400x 10™° in seawater 100 5 0 14 0 100
50x 10" ® in freshwater 20 1 5 1 9 10
2 100x 107 ° in freshwater 40 2 3 4 43 169
200% 10”° in freshwater 80 4 1 1 88
50x 10" ® in freshwater 40 2 3 3 40
5 100x 10~ ° in freshwater 100 5 0 7 0 100 83
200% 107 ° in freshwater 100 5 0 12 0 100
Tab 9 Mortality of P. @ ing heli in The toxicity of freshwater to E . coioides was that the
freshwater treatment in viiro semi_anaesthetic time was 95 min and the fish could not
/ min No. of  No. of  Total Total Morality be anaesthetized in freshwater within 120 min. The fish
death  survivor  death  survivor were not anaesthetized within 60 min in seawater formalin
15 5 14 0 solution of concentration less than 600 x 10° 6, nor were
20 2 3 2 9 2 the fish anaesthetized in freshwater formalin solution of
2 2 3 4 6 40 concentration less than 250 % 10” ° in 60 min.
30 4 ! 8 3 72 The toxicity of freshwater to P. epinep hali was that
40 4 ! 12 2 86 the semi lethal timewas 19 min and all worms were killed
50 4 ! 16 ! o4 within 60 min. In seawater fomalin solution of 400 X
60 5 0 21 0 100

because of the economic importance of these fishes in
mariculture in many areas of the world. But few studies
were found to investigate the control and prevention of
these monogeneans on groupers.

Formalin has remained a popular treatment based on
surveys of its use by fish farmers ( Speare and Ferguson
1989; Thotburn and Moccia, 1993).

demonsirate that repeated use of formalin has no effect on

Many studies

the gills of juvenile channel catfish, Ictalurus punctatus
(Rafinesque) ( Bodensteiner et al., 1993),
growth or gill ionic fundion of Chinook salmon,
Oncorhynchus  tshawystcha ( Walbaum ) ,
(Smith et al.

growth and condition indices of Atlantic salmon, Salmo

on the

and smolts
1987), nor does it have any effect on the

salar L. and rainbow trout (Powell et al., 1996; Speare

and MadNair, 1996), or on plasma electronlytes,
haematology and post seawater transfer survival of
Atlantic  salmon smolt ( Powell et al., 1996).

Treatment of ectoparasitic worms of marine fish with
diluted formalin or freshwater has been widely practised

for many, years,

100

within 30 min.

° worms began to die in 20 min and were all dead
In freshwater fomalin solution of 10 x
10" * worms were killed within 10 min,

These results suggest that the tolerance of fish to
freshwater and formalin solution is much stronger than that
of parasite. As for the suitable concentration of formalin
choosing 30 ~

) _6 ) .
treatment time, 500X 10 = of seawater formalin solution

solution of seawater, 60 minutes as
is suggested to be the safe treatment concentration because
400 x 107 ° of seawater formalin solution can kill all
worms in viiro and the safe seawater formalin solution
concentration for fish is 600 x 10 °. As the safe
treatment concentration of freshwater formalin solution to
E. coioides is 250 x 10" ° in 60 minutes and wnsidering
freshwater formalin solution of 50 x 10°° can kill all
worms within 10 min, 150 x 10 ® of freshwater fomalin
solution was recommended as the safe and effective cure

con centration.

References :

[1] BODENSTEINER L R, SHEEHAN R J,LEWIS W M, et al.

Effects of repetitive fomalin treatments on chamnel catfish

juveniles| 1], J Acuatic Animal Health, 1993, 5: 59— 63.



63

CHEN Q L.Handbook of fish diseases investigation| M ]. 2ed
edi. Shanghai Science and Technological Literature Press ( In
Chinese) , 1981.

DYER W G, WILLIAMS E H Jr, BUNKLEY_WILIIAMS L.
Pseudorhabdosynochus  kritskyi  n sp.
Diplectanidae) on gag from the Gulf of Mexico [M]. J
Aquatic Animal Healkh, 1995: 337- 340.

LEONG T S. Contwol of parasites in cultured marine finfishes
in southeast Asia_an ovewiew [ J]. Intemaltional Journal for
Parasiology, 1997, 27: 1177- 1184.

MORAVECF, VIDAL_MARTINEZ V M, VARGAS VAZQUEZ
J, et al. Helminth parasies of FEpinephelus morio ( Pisces:

( Monogenea:

Serranidae) of the Yucatan Peninsula, southeastem Mexico
[J]. Folia Parasitologica, 1997: 255- 266.

POWELL M D, SPEARE D J, FULTON A E, et al. Effects of
intemittent formalin treatmert of Atlantic salmon juveniles on
growth, condiion factor, plasma electrolytes, and hematocrit in
freshwater and after transfer to seawater| J] .J Aqutic Animal
health, 1996, 8: 64— 69.

[7]

[8]

[10]

[11]

SMITH S D, GOULD R W, ZAUGG W 8, et al. Safe
prerelease disease treatment with formalin for fall Chinook
salmon smols[ J]. Progressive Fish culturist, 1987, 49: 96 —
9.

SPEARE D J, FERGUSON H W. Clinical and Pathological
features of common gill diseases of cultured samonids in
Ortarid J] . Canadian Veterinary J, 1989, 30: 882— 887.
SPEARE D J, MACNAIR N. Effects of intemittent exposure to
therapeutic levels of formalin on growth characteristics and
body condition of juvenile rainbow trout| J] . J] Aqutic Animal
Healh, 1996, 8: 58— 63.

THORBURN M A, MOCCIA R D. Use of chemotherapeutics
on trout famms in Ontario [ J]. J Aquatic Animal Health,

1993, 5: 85— 91.

VIDAI_MARTINEZ V M, MENDOZA_FRANCO E F.
Pseudorhabdosynochus sp- n.
Diplectanidae) from the gills of Mycterop eca bonaci( Pisces:

of the Yucatan Peninsula, Mexico [ J] . Folia
Parasitologica, 1998, 45:221- 224.

capurroi (' Monogenea:

Serranidae)

A 7K By ARAL B A BREADL A P A A R A B LB S

WmEZ, % &K, BE, 24K
(1. P UKRFREZFHMALHN JHEFDNER BFAEERRE, J & 7 M 510275
2. BNXRFAME, #&3E A1 361005)

2000 4 Fpine helus coioides Pseudorhabdosy nochus epinepheli
: 25 min 250% 107°, 50 min
50% 107 ° : 3 min 83x 107 °, 21 min
: 30 min  45min 940x 10°°  645x 107 °
: 5min  10min 1300 10°° 500 x 107 °
600x 107°~ 1 000x 10°°, 95% 10" %~ 115x
1076 95 min 115 min
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