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ABSTRACT

Lee, C.-S.and Weber, G.M., 1986. Effects of salinity and photoperiod on 17a-methyltestosterone-
induced spermatogenesis in the grey mullet, Mugil cephalus 1. Aquaculture, 56: 53—62,

Male grey mullet, Mugil cephalus, can he maintained at a mature stage by feeding diets con-
taining 17a-methyltestosterone (M. The potency of MT in the maturation of grey mullet at
different salinities and photoperiod regimes bas not been studied. In this study, the MT was
administered in the diet at a dosage of 12,5 myg per kg body weight per day. Salinities ranged from
freshwater to 25 ppt, Photoperiod was composed of 8L:161). 121.:22D) and 16L:8D or 61.:18D,
121.:12D and 181.:6D.

Fish were indueed to mature in all salinities. There were no significant differences in the rates
of maturation for fish in 25, 20 and 10 ppt treatments. The freshwater fish suffered high mortal-
ities, so the results from this yroup cannot be compared to those of the other grouns. One fish,
however, did mature, indicating that inullet can be induced to mature in freshwater using MT.

Short photoperiods (less than 12 h of lighy) favored maturation in both the prespawning and
postspawning periods. There did not appear to be any effect of photoperiod on the rate of testicular
regression once the fish were taken off the MT diets. The smallest male which maiured in this
study was about 114 g in body weight.

INTRODUCTION

The grey muliet, Mugil cephalus, is. a euryhaline fish cultured in freshwater,
hrackishwater and seawater. In nature, grey mullet matures and spawns during
the winter months. These fish have also heen observed to mature in freshwater
ponds and lakes. However, they do not spawn in these environments (Eck-
stein, 1975); gonadal atresia occurred in both male and female mullet shortly
after they matured in a [reshwater lake (Shireman, 1975). Mature mullet from
freshwater were acclimated to full seawater over a 12-24-h period and induced
to spawn using injections of carp pituitary and luteinizing hormene (Yashouv,
1969). Salinity is therefore an important factor controlling the maturation and
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spawning of grey mullet. Photoperiod is another important factor. Kuo et al.
(1974) demonstrated that a 6L:18D photoperiod could be used to stimulate
vitellogenesis in grey mullet out of season. There was no study on induced
maturation of male mullet through photoperiod manipulation.

[t has been demonstrated that MT is an effective steroid for inducing sper-
matogenesis in the grey mullet. Shehadeh et al. (1973b) used injections of MT
to induce spermatogenesis in the spawning and prespawning seasons. Fish were
maintained in this condition for 6 weeks. Spermatogenesis was also induced
during the postspawning season with oral administrations of MT and these
fish weve maintained in this condition for 55 weeks under ambient photoperiod
conditions (Weber and Lee, 1985).

This study examines the ability of MT to induce sperinatogenesis of grev
mullet maintained under different salinities and photoperiods at different times
of the spawning season. The objective of the study is to induce spermatogenesis
of grev mullet more efficiently through the application of MT and the manip-
ulation of environmental conditions.

MATERIALS AND METHODS
Salinity

The observed salinities of water in four 5000-1 fiberglass tanks deviated
slightly from the designated salinities ¢f 25 ppt, 20 ppt, 10 ppt and 0 ppt despite
volume adjustments of incoming seawater and freshwater. The mean observed
salinities were 26.8 ppt, 204 ppt, 8.0 ppt and 0 ppt. Forty mullets laverage
body weight of 102 ) were randomly distributed in the above four tanks with-
out sex determination, one tank for each salinity. Mullet are not sexually
dimorphic so it is ditficult to determine sex out of the spawning season. At the
end of the experiment it was determined that 6, 8 and 7 males were in the
waters of 25 ppr, 20 ppt and 10 ppt salinity, respectively. Fishin each tank were
gradually acclimated to their assigned salinities over a period of 10 days hefore
the inception of the experiment. Individual fish were identified by fin clips on
the caudal and/or anal fins. Regenerated fins were clipped again during weekly
routine checking.,

All fish diets contained the same amount of M'T, mixed with codliver oil and
added to Purina Catfish Chow =5144 as described by Weber and Lee (1985).
The dosage of MT was 12.5 mg/kg body weight per dav. The experimental diets
were given in the morning and additional regular feed was provided in the
alternoon. The fish were checked weekly for the presence of milt by applying
gentle abicinal pressure. The criteria for the scoring of maturation are 0 for
no milt, 1 for traces of viscous milt, 2 for small amount of running milt and 3
for copious running milt. These mullet ranged {rom 0 1o 3 in maturity. Sperm
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samples were also collected in polyethylene cannulas and tested for motility in
different salinities. The experiment hegan on 30 June anau ran for 5 weeks.

Photoperiod

Two experiments were conducted to determine the effect of photoperiod on
the poteney of M'T for inducing spermatogenesis in mullet at different times
during the annual reproductive cycle. Experiments were carried out in three
rooms, each containing two 1200-1 fiberglass tanks (2 % 1 < 0.6 m in depth).
Artificial light was provided by six 48-inch fluorescent lamps hung 2.2 m above
the surface of the water. The light intensity at the water surface ranged from
2.2 > 10" 10 3.6 % 10" quantum s ' em . The photoperiod was controlled
by cutomatie timers. The experimental diet containing MT was given to the
mullet at a dosage of 12.5 mg/kg body weight per day. The MT was dissolved
in 95 ethanol and then spraved en the trout chow which was stored in a
covered container at & (. The conirol diets were also sprayed with the same
amount of 95 ethanol. The diet was fed in the morning and additional plain
trout chow was provided ad libitum in the afternoon. Mullet in this study canie
from a group of fish propagated in early 1983.

The first experiment was initiated in September 1984, during the natural
prespawning period for grev mullet in Hawaiian waters. The fish (160.69 *
11.23 g average body weight) were jus. under 2 vears old. Sixteen fish were held
in eacl of the two tanks in cach of the three photoperiod rooms (six tanks in
all). One of the two tanks in each room served as a control. the other tank
received the MT-supplemented diet. The photoperiod regime in each room was
either8L: 16D, 121.:12D or 161.:8D. The fish were acelimated to their respective
photoperiods for one month before the experimental diet was given to the
treatment groups. The maturational stages of the fish were checked both at
the start of the acclimational period and on the day the tish weie first fed the
experimental diets. During the 1-week experimental period, fish were checked
for milt weekly. Then, the fish were dissected and measured for body weight,
gonad weight and liver weight, Gonadosomatic index {GSI = (gonad weight-
/bady weight) < 100] and hepatosomatic index [HSI = (liver weight /body
weicht) o 100] were calculated. Water temperature ranged from 25.8°C to
£6.8 (" and salinity from 32 to 34 ppt.

The second experiment was conducted in April 1985, during the natural
postspawning scason of grev mullet in Hawaiian waters (Kuo and Nash, 1975).
The fish were 2 vears old and weighed 126.83 * 39.17 g. None of the fish
checked had milt at the beginning of the experiment. There were two tanks
under each of the three photoperiod regimes; 61.:18D, 121.:12D and 18L:6D.
Fach tank held 15 fish. One tank of each pair served as a control and the other
received M'T. The fish were fed the designated diet and experienced the spec-
ified photoperiod regime after one week of acclimation in the tank. The fish in
the treatment group received the MT for 11 weeks. Then all fish were fed on a
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Fig. 1. Maturation of male mullet fed a diet supplemented with M'T at different salinities. Figures
in parentheses indicate the number of mature fish.

regular diet without M'I. All the fish were checked for milt every week until
they did not possess any trace of milt. At that time, body weight and standard
length were recorded. The fish that did not produce milt throughout the exper-
iment were sacrificed and their gonads were fixed in Bouin's solution for his-
tological examination to determine the sex. Average milt rating for mullet under
different pnotoperiods was calculated thus: average milt rating == sum of score
of all males/number of mature males. During the experiment, water tempera-
ture was 258 to 26.8 ° C and salinity was 32 to 35 ppt.

RESULTS
Salinity experiment

Maturity of fish in this experiment was checked and scored according to the
condition of milt every week except the first (Fig. 1). In the second week of the
experiment, 3, 2 and 1 mature males were found in the waters of 25 ppt, 20 ppt
and 10 ppt salinity, respectively. These results represent maturation rates of
50%, 25.0% and 14.3% in each of the above salinities. A fish with copious run-
ning milt was found in the water with 25 ppt salinity. No male matured in
freshwater at that time. By the fourth week, all the males in the waiers of 25

ppt and 10 ppt macured, but one out of eight males in 20 ppt did not mature
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TABLE

Average rating for milt condition, number of males and percentage of mature male mullet induced by M'T during the prespawning

perind
Photoperiod 161.:8D 120020 8L:16D
treated control treated control treated control
Average rating L6 ¢ 12 036 £ 058 248 4 071 .56 ¥ 0.80 250 F 064 0.71 + 082
for milt
condition
fmean S
Number of 10 6 12 9 12 10
mature males
Number ol males 12 " 12 12 12 14
in group
Mature 83 545 100 i) 100 n!
males 170)

until one week later (Fig. 1). Fish in the freshwater tanks experienced high
mortality from undefined cauvses afier the second week in the tank. One of the
remaining three fish was a male and graded as a **2” in week 5.

Sperm from the fish in 10 ppt were not activated in water of 10 ppt but were
activated in the 32 ppt seawater. The motility of sperm from the fish in 20 ppt
seawater was very weak in seawater of the same salinity. Those sperm were
activated in 32 ppl seawater.

Photoperiod experiment

After the fish in the first experiment were exposed to various photoperiod
regimes for one month, some of the fish showed milt before receiving MT.
There were 2 mature males out of 13 males under a 16L:8D photoperiod, 13
out of 24 under 121.:12D and 9 out of 26 males in 81.:616D.

The average milt ratings for treated and control groups are listed in Table
1. The average rating for the treated group was 3.5 to 4.5 times greater than

that of the control group under the same photoperiod. The smallest size of

mature male mullets in this experiment was 114 ¢ in the treatment group and
119 ¢ in the coutrol group. Gonadosomatic indices (GSI) anc hepatosomatic
indices (HSI) of treated and control groups are shown in Table 2. Both GSI
and HSI were higher in the treatment groups than in the control groups. The
difference in GSI was significant (> < 0.05) for all three photoperiod condi-
tions (Table 2). There was no significant effect of photoperiod on the values

of GST and HSI. All the males in the treatment group matured by the end of

the experiment with the exception of the 161.:8D photoperiod in which 83%
matured.

In the third week of the second experiment, 55.6% of the males matured in
the 61.:18D photoperiod, 40% in 12L:12D and 33.3% in 18L.:6D (Fig. 2). All
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TABLE 2
Gonadosomatic indices [(onad weight/body weight) = 100] and hepatosomatic indices [(liver weight /body weight)
=100 for mullet fed a diet supplemented with MT for 4 weeks during the prespawning period
Photoperiod  Group Male Female
Mean + S.D. Range Sample Mean + S.D. Range Sample
stz size

Gonadosematic index

161.:8D) Freatment 054« 027 005 094 12 028 ¢ 0.1 013048 4
Control 018 + 022 004 086 12 028 005 024 084 4
120:12D Treatment 045 © 0200 016 074 12 0.26 ¢ 0,24 022 L3884
Cuntrol 026 006 10 058 |2 040 ¢ 008 096 (hA1
sLiaeh Treatment 0.1 ¢ 028 015 060 12 0.22 ¢ 0,06 015 00 0
Control 023 « 017 004077 14 036+ 0 0,36 2
Hepatosomatic index
168.:8D) Treatment 130 023 0,77 |68 12 124 ¢ 018 103 147 4
Control 095 014 (1200 B TR T I 1o (10 0.8% 114 1
121120 Treatment V.62 ¢ 0270 124 2200 12 1.o0 01 136 167 4
Control LOG 0,13 0.8H L2512 1.+ 016 .88 1.29
Slaash Treatment  L17T - 029  0d0 164 12 LGB0 0.2 135 194 3
Control LI - old o4 L 1 116 006 110 122 2

*Signiticant ditference at 2 0,05,
seSignificant differenceat I 001,

these mature fish were sacrificed at this time. The average size of mature fish
was 1513+ b2 ¢ or larger than that of all the remaining male fish in the
treatment groups (112.6 £ 21,1 g), The average GSls of the sacrificed treat-
ment and control fish are listed in Table 3. There were significant (2 < 0.05)
differences between control and treatment groups under the photoperiod of
ISL:6D. All of the males receiving M1 in the 121.:12D photoperiod matured
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Fig. 2. Percent of mature male mullet afier feeding a MT-supplemented diet under various pho-
toperiod regimes during the postspawning period. M'T was withdrawn from the diet after 11 weeks.



TABLE3

Gonadosomatic indices and average body weight for male mullet producing sperm in response to 3 weeks of
17e-methyltestosterone treatment and male mullet in control groups during the postspawning period

Photoperiad  Group Gonadosomatic index Body weight () Sample
size
Mecean ¢ S.I).  Range Mean + S.D. Range

18L:6D Treatment .14 £ 0.05* 004 0.22 15382 ¢ 5336 TOHH-U28.95
Contrul 0.05 + 0.0] 0.003-0,05 155,80+ 56.16 RTOH1-240.31

121:12D Treatment 0.23 ¢+ 0,15 000 047 TH0A3 « 25,22 110.71 180,27 4
Control 0.06 + 0.02 L03-0.00 12987 * 2885 SARK2 168,18

6L:1sh Treatment 0.14 + 0.08 0.06 030 157.77 + 3903 108.38-204.75 5

Control vno7 v 008 O.04-0.10 13625+ 49,25 107.00-200.19

to

*Significant difterence at 17 = 0.05.

by the fifth week of treatment (Fig. 2). However, one male in each of the other
treatment groups did not mature until one week after M'T was removed {rom
the diet (Fig. 2). Throughout the experiment, the condition of mature males
in the three photoperiods did not differ from the average rating (Fig. 3). There
wits dlso no dilference in the regression time for the mature males under dif-
ferent photoperiods after MT was withdrawn from the diet (Fig. 3). The time
for complete regression of the testes of matire males was 2.5 to 3 weeks. No
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Fig. 3. Gonadal maturation (expressed as milt rating) of male mullet during feeding of a diet
supplemented with M'T and after withdrawal of the hormone (week 11).
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males matured in any of the control groups except one male in the 6L:18D
room which showed traces of viscous milt in the last week of the experiment.

DISCUSSION

The experiment related to the salinity factor was conducted about 4 or 5
months before the beginning of natural spawning of grey mullet in Hawaii
which oecurs from mid-December to the beginning of March (Kuo and Nash,
1975). The gonadal maturation of males in this experiment could be attributed
solely to the administration of MT. From the condition of mature males under
different salinities, the males at 25 ppt appeared to be in slightly better running
condition than those at the other salinities throughout the experiment (Fig.
1). Also, there was a higher percentage of males that matured earlier at 25 ppt
than at the other salinities. However, the average water temperature at 25 ppt
was 1 C higher than the average temperature in 10 ppt and in freshwater.
Although the effect of water temperature on the poteney of MT is not known,
it seems that there is no significant difference in the potency of MT to male
mullets at the salinities from 10 ppt to 25 ppt.

"This study also showed that male mullet will mature in freshwater through
the application of M'T in the diet. However, the high mortality in freshwater
made the comparison with mature males in the other conditions impossible.
In our other study (Weber and Lee, 1985), we found that male mullet from 4
ppt experienced high mortality in freshwater. However, they possessed milt for
11 weeks in freshwater. Kckstein (1975) indicated that male mullets in fresn-
water could synthesize the necessary steroids for testicular development. In
another experiment (Shireman, 1975) it was shown that mature mullets of
both sexes undergo atresia shortly after transfer to a freshwater lake, contro-
verting our findings. Therefore, further study on indueing male maturation in
freshwater is required.

Our results showed that sperm from {ish in 10 ppt were not mobile in 10 ppt.
We did not test sperm fertility with mature eggs. However, the study conducted
by Hu and Liao (1981) obtained fertilization and no pigmented embryos in
salinities as low as 7.0 ppt. Eckstein (1975) reported that the infertility of grey
mullet in freshwater is limited to female fish. The motility of spermn in water
where mullets mature needs to be verified.

The first photoperiod experiment was conducted about 3 months before the
spawning season in Hawaiian waters. Some of the male mullets were indueced
to mature after being in various photoperiods for one month. At the same time,
there were few mature males in the outdoor ponds. This indicates that matur-
ation of male mullets was accelerated by the manipulation of photoperiod. The
percentages of mature males in each photoperiod regime were 8.7%¢, 54.2% and
34.6% with the shortening of daylength. This indicates that short daylight, less
than 12 h, favors the maturation of male mullet. After 8 weeks, the percentage
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of males which matured in this experiment was higher under shorter photo-
period regimes in both treatment and control groups (Table 1). The treatment
groups which received MT had more mature males than the control groups,
regardless of photoperiod regime (Table 1).

The second photoperiod experiment was conducted during the postspawning
season. Males in the control groups did not mature during the experiment, with
the exception of one fish. In the treatment groups, male mullets showed an
carlier response under shortened daylight conditions (Fig. 2). Therefore, it
required less time to mature male mullets by the application of MT"if the day-
length was shortened.

The average ratings foc milt condition were higher in the treatment groups
than in the control groups and increased with the shortening of daylight in
ixperiment | (Table 1). Average ratings of mature males in the second exper-
iment did not difter between daylight regimes ( Fig. 3). There was no difference
in the GSI of male mullets under different photoperiods in both Experiments
Iand 2 (Tables 2 and 3). However, (iS1s in some treatment groups of both
experiments were significantly higher than in the control groups (‘Tables 2 and
3.

In both treatment and control groups, GSIs in Experiment 1 were about
three times higher than those in Experiment 2 (Tables 2 and 3). This was
explained by the timing of Experiment 1 during the prespawning season and
Experiment 2 during the postspawning season. Theoretically, GSIs should not
relate to fish size. Differences in size were, therefore, not considered. The results
also suggested that M1 initiated spermatogenesis and spermiation but not the
growth of testes. Thus, the GSIs were much smaller than those reported by
Shehadeh (1973a).

This experiment was not designed to define the minimum size of male mul-
lets which could be induced to mature by the application of MT. In the second
photoperiod experiment, however, larger mullets matured earlier than smaller
ones. Kxperimental fish in this study were about 2 vears old, the minimum age
for maturation in many locations (Brusle, 1981). Consequently, the effect of
size on maturation became critical. Additional experiments are required to
confirm this conclusion. "The smallest mullet to mature in this study was about
114 g in body weight,

In conclusion, 17a-methyltestosterone can be used to induce maturation of
male mullets in freshwater and under different photoperiod regimes. However,
fish respond earlier to the treatment if conditions are optimal for the matura-
tion of mullet,
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