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Abstract:  In order to establish effective methods for 
masculinization in kokanee salmon (Oncorhynchus 
nerka), the effects of a single 2-hr immersion treatment 
of 17α-methyltestosterone(MT) on the sex of gonads 
during early development were investigated. All groups 
treated with 400μg/l MT at eyed eggs and juveniles 
stages (0, 10 and 16 days after hatching) showed higher 
percentages of male development (76.7－100%); this MT 
treatment resulted in 100% males in eyed eggs and juve-
niles 0 day after hatching. At all dosages of MT (50, 100, 
200 and 400μg/l), eyed eggs showed higher percent-
ages of male (76.2－97.0%) than the untreated controls 
(48－60%); the 200 and 400μg/l  MT dosages produced a 
significantly higher percentage of males (96.1 and 97.0% 
each) than the other dosages. These results indicate that 
a single treatment of MT at a dose of 200－400μg/l  is a 
highly effective method for masculinization in kokanee 
salmon at developmental stages from eyed eggs to just 
hatching.

Key words:  Oncorhynchus nerka; Methyltestosterone;
Masculinization; Single treatment

Kokanee salmon are a landlocked sockeye salmon 
that promise to become a new species for farming. 
However, it has been difficult to farm this species, 
because their egg supply is insufficient. Sex control, 
particularly all-female stock techniques in salmonids, 
is  an  important  technique  for  seeds  production 
(Baker et  al.  1988).  Therefore,  a  requirement for 
further development of  kokanee salmon culture is 
the establishment of all-female stock, through either 
direct  and  indirect  methods.  The  indirect  method 
provides androgen to the parental generation for 
masculinization,  and  uses  the  sperm  of  the  sex-
reversed  males  for  fer tilization.  This  method  is 
suitable for those species in which females are the 

homogametic sex (Piferrer 2001). Thus, it should 
be useful for producing all-female stock in kokanee 
salmon,  as  the females of  this  species possess the 
homogametic  sex  chromosome  (Ueda  and  Ojima 
1984). All-female techniques using sex steroids have 
been studied in several species (Okada 1985; Baker 
et al. 1988; Piferrer and Donaldson 1989; Nakamura 
1994). However, effective methods for masculinization 
have not yet been established in kokanee salmon. 
Thus, we examined the ef fect of MT on the sex of 
gonads during early development for masculinization in 
kokanee salmon.

Kokanee  salmon  eggs  obtained  from  Iwate 
Prefectural Inland Fisheries Technology Center were 
artificially  fertilized in September 2001,  2002  and 
cultivated in spring water at 9.3－9.6℃. In the first 
experiment, 200 individuals each of eyed eggs and 
juveniles 0, 10 and 16 days after hatching (DAH)  were 
immersed for 2-hr in water containing 400μg/l MT. 
In the following experiment, 200 eggs were exposed 
to MT 2-hr at doses of 50, 100, 200 and 400μg/l. As a 
control, 200 individuals each at eggs and juveniles were 
immersed for 2-hr in water containing ethanol only. 
The fish were sampled at 5－10 g in body weight and 
autopsies were performed on about 100 individuals 
from each group.

In all the groups during early development used 
in  this  study,  a  single  treatment  of  400μg/l  MT 
induced successful sex reversal, resulting in 53.3－
100% masculinization; especially, 100% male results 
were seen in the groups treated at eyed egg and 0 
DAH (Table 1).  The effect of  androgen decreased 
as development progressed (0－16 DAH). In the 
control, the proportion of males ranged from 48 to 60%, 
conforming to the expected 1 :1 sex ratio. In present 
study, abnormal gonad, as the hermaphrodite reported 
by Okada (1985), was not observed in all groups. These 
results indicate that kokanee salmon are susceptible 
to the effects of MT in inducing sex reversal in the 
eyed egg through juvenile (0－16 DAH) developmental 
stages. In the present study, a single treatment of MT 
was effective for masculinization in kokanee salmon, 
as in other salmonids. Interestingly, however, the 
percentage of conversion to male and the ef fective 
timing of MT obtained in the present study differed 
from those of other salmonids. Piferrer and Donaldson 
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(1989) obtained male percentages of 73.1 and 68.2% 
at 6 and 13 DAH in coho salmon. Nakamura (1994) 
obtained male percentages ranging from 10 to 55% at 3
－22 DAH in all-female amago salmon. These species 
were less susceptible than kokanee salmon. In contrast, 
Baker et al. (1988) obtained the result of 82－100% 
masculinization from 1 day before hatching to 5 DAH 
in chinook salmon. Still, the susceptible period to MT 
in kokanee salmon, from eyed egg to 0 DAH (from 440 
to 740℃･days), was longer than that in all of the above 
three species.

In the eyed egg stage,  varying dosages of  MT 
resulted  in  52.5－94.0%  masculinization  (Table 2); 
the  200  and  400μg/l  MT treated  groups  showed 
nearly  100% ef fectiveness.  In  the control  groups, 
the proportions of male (46 and 52%) conformed to 
the expected 1 : 1 sex ratio. Chinook salmon treated 
with 200μg/l MT showed 82－100% masculinization 
(Baker et al. 1988). Therefore, it appears that the 
dosage of 200μg/l MT is physiologically adequate for 
masculinization in salmonid species.

In conclusion, this study indicates that a single 
treatment  with  200－400μg/l  MT at  eyed eggs  or 
0  DAH is  an  effective  method for  masculinization 
in kokanee salmon. This masculinization technique 

combined with gynogenesis will make it possible to 
produce an all-female population of kokanee salmon for 
intensive culture methods.
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Table 1. Effect of 17α-methyltestosterone (MT; 400μg/l) immersion treatments on gonad morphology at different stages of 
kokanee salmon, Oncorhynchus nerka

Group Stage Gonad
observations (N)

Gonad morphology (%) Rates of
masculinization (%)＊Female Male

1 MT
2 MT
3 MT
4 MT

eyed eggs
0  DAH
10 DAH
16 DAH

100
100
100
60

0.0
0.0

13.0
23.3

100.0a

100.0a

87.0b

76.7b

100.0
100.0
74.0
53.3

1 Cont.
2 Cont.
3 Cont.
4 Cont.

eyed eggs
0  DAH
10 DAH
16 DAH

102
100
100
75

50.0
52.0
45.0
40.0

50.0
48.0
55.0
60.0

　The groups that have different letters indicate significantly different (chi-squared test, P＜0.05); DAH means days after hatching.
　＊Rates of masculinization were calculated on the assumption that the normal sex ratio is 1 :1.

Table 2. Effect of 17α-methyltestosterone (MT) immersion treatments on gonad morphology of eyed eggs with different 
concentration of kokanee salmon, Oncorhynchus nerka

Group Conc. (μg/l) Gonad
obserbation(N)

Gonad morphology (%) Rates of
masculinization (%)＊Female Male

1 MT
2 MT
3 MT
4 MT

400
200
100
50

100
102
100
101

3.0
3.9

12.0
23.8

97.0a

96.1a

88.0b

76.2c

94.0
92.2
76.0
52.5

5 Cont.
6 no treatment

0
-

153
151

47.7
53.6

52.3
46.4

　The groups that have different letters indicate significantly difference (chi-squared test, P＜0.05); DAH means days after hatching.
　＊Rates of masculinization were calculated on the assumption that the normal sex ratio is 1 :1.
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