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Lei-, C. -S. and Weber, ( .N.. 1986. Elffects of'salinity aid hi t)peri)d oil17ti-methyItestosterone­

induc(ed spermatogenesis inthe grey mullet, Abtgil c''phals I,..Aquaculturc, 56: 53-62. 

Malt grev mullet, Aiil c'halus, can he maintained at a mature stage by feeding diets con­

lainjiug 1(TN-methyltestisten me vf in the n; igrey mullet alIIT). The Iiteney IMNT iturati)n ) 

di'fere nt salinities and l ihcitoericnd regimes has not Ibeen studied. In this study, the MT was 

administered in the diet at a d)sage i1' 12. ig iper kg lIi lweight per day. Salinities ranged 1rom 

treshwater to) 25 ppt. 1'hl)tiperiid was ciimjined of'SI:161). 121,::21) and 16I:81) or G1: 8), 

121)12) and 181,:61). 

Fish were induced : mature inaall saIinitics. There were no sig,iificant differences inIhe rates 

of iratunrtiin fir fish in 25. 21) and 1 )1)t treatments. The freshwater fish suffered hiigh mortal­

ities, s:)th, results from this -u llcannit le ciimpared to thiose of the iither gro)uns. One fish, 

hiiwever, did mature, indicating that mullel can be induced t)mature in freshwater using MT. 

Shoirt phhtoleri(ds (less than 12 h iif light ) iavuired mat turation in huth th2 p-eslpawning and 

puustSlaWning periiids. There (liii nit appear tie any effect of phuituilteriiid ui the rate i)ftesticular 

regressi)i irce the fi;h were taken itff the NIT diets. The smallest maile whiclh ,n,ured in this 

study wa.; aliut 11tg in hodv weight. 

INTROI) 1CTION 

The grey mullet, AugAl ccphahS, is a euryhaline fish cultured in freshwater, 
brackishwater and seawater. In nature, grey mutllet matures and spawns during 
tlie winter mont hs. These I'ish have also been observed to mature in freshwater 
ponds and lakes. However, they do not spawn in these environments (Eck­
stlein, 1975); gonadal at resia occurred ;n bot h male and female millet shortly 
after they mat ured in a freshwater lake (Shi reman, 1975). Mat ure mullet from 
freshwater were acclimated to full seawater over a 12-24 -h period and induced 
to spawn using inject ions of carp pit uitary and luf einizing hortuetne (Yashouv, 
1969). Salinity is therefore an important factor controlling the maturation and 
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spawning of grey mullet. Photoperiod is another important f'ctor. Kuo et al. 
(1974) demonstrated that a 61,:181) photoperiod could he used to stimulate 
vitellogenesis in grey mullet out of season. There was 110 study on induced 
maturation of' male mullet through photoperiod manipulation. 

It has been dei()nst rated that MT is an effective steroid for inducing sper-
Inatogenesis in tlhe grey mullet. Shehadeh et al. (1973b ) used injections of MT 
to induce spermatogenesis in the spawning and prespawling seasns. Fish were 
maintained in this condition for 6 weeks. Spermatogenesis wa- also induced 
du1 r-ing the I)ostspawning season with oral administrations of' MT and these 
fish were maintained in this condition for 55 weeks under amhient I)hot operiod 
condit ions (\Weber and Lee, 1985). 

This study examines the ability of \T to induce spelnoatgenesis of' grey 
unllet maintained under different salinit ies and photoperiods at different times 

of't he spawning season. 1hv oljective oft he st udy is to induce s)ermat ogenesis 
of grey mullet more efficient ly through the apllication of MT and the manip­
ulat ion of envilonlnental conditions. 

MATEIH{ALS AND METHODS 

Salinilv
 

The observed salinities of' water iii four 5000-1 t'iberglass tanks deviated 
slightly from the designated salinities cif25 ppt, 2p i)t , it ppt and 0ppt despite 
voluit (iil ment 5 (of inuoming seawater and freshwater. The mean olservedt 
salinit ies were 26.8 pp, "t).4 ppt, 8.0 ppt and ) ppt. Fo)rty mullets (averagc 
hody weight of'.*lt)2 g)were ran(lhmly (listrinuted inthe above flol" tanks with­
out sex (let elminat ion, one tank for each salinity. Mullet are not sexually 
(liniorplhi'cso it is difficult to determine sex (ut of th, spawning ses(n. At the 
end of the experiment it was determined that 6, 8 and 7 males were in the 
ivatersof'25 jip)1),2( p)t and 1I)l)t salinity, reslectively. Fish in each tank were 

gradh ally acclinated to their assigned salinit ieks over a petiod of' It) days before 
the inlept ion (It be exl)e'iiet, Individual fish were ident ifled by f'inclips on 
the caudal and/r anal fins. -- generated f'iwere clipped again (uling weeklyli 

rout ie checking. 
All fish diets ('(ltained the same amlou t of' MT,niixe(d with c<dli\ver oilland 

added to luiniia Cat fish ('ow n51-I,1as described by Wel'er and Lee (1985). 
The dosage (If MI was 12.5 mg/kg body weight per day. The experimental diets 
were given in the im'ning and adlitional regular feed was provided inthe 
afternoon. The fish were checked weekly for t lie presence of ailt l)v applying 
gentle a!): i a pressur-e. The criteria for the scoring of maturat ion are 0 for 
11)Milt, 1 Imr traces of' viscous milt, 2 for small amount (,frunniing milt and :3 
for copious running milt. hlise mullet ranged from t) to 3 in maturity.Sperm 
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samples were also collected in polyethylene cannulas and tested for motility in 
different salinities. The experiment began on 30 June an, ran for 5 weeks. 

Photoperiod 

Two experiments were conducted to determine the effect of' photoperiod on 
the potency of MT 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 x I ,,0.6 in in depth). 
Artificial light was provided Iysix ,18-inch fluorescent lamps hung 2.2 in above 
tile surface of' the water. The light intensity at tile water strface ranged from 
2.2 x"1')iI to :3.6 >; 1)' qantlln s Icm ",The photoperiod was controlled 
by ,utomnatic 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 sprayed en the trout chow which was stored in a 
covered cootainer at 5 C. The comr rol diets were also Sprayed with the same 
anount of 95(i ethanol. Tl diet was fed in the morning and additional plain 
troul chow was provided ad lihitum in the afternoon. Mullet in this study came 

nroa group of fish propagated in early 1983. 
The first ex)eriment was initiated in September 19841, during the natural 

pres)awning period for grey mui llet in Hawaiian waters. The fish ( 160.69 + 
. 1.2tg average hody weight ) were jii, under 2 years old. Sixteen fish were held 
in each of the two tanks in each Cf'the three lPhotoperiod rooms (six tanks in 
all). One of tile two tanks in each room served as a control. the ,)ther tank 
received the MT-sul)l)lenwment l diet. The t)hotloperio(d regime in each room was 
either 81I 16I), 121,:12D or 161,:8). The fish were a('climat e(l I Ctheir respective 
pho)toperiods for one ionth bef'ore the experimental diet was given to the 
treatment gro)ulps. The maturational slages of' the fish were checked both at 
the start of the acclimational period and on the day tile fish weie first fed the 
experimental diets. l)uring tile -l-week experimental perio(d, fish were checked 
for milt weekly. Then, the fish were dissected and measured for body weight, 
g(onad weight and liver weight. (onadosomatic index [IGSI (gonad weight­
/hod*v weight ) x 1)01 and hepatosonmatic index IHSI = (liver w-ight/body 
wei!ht ) '.; 10))] were calculated. Water temperature ranged from 25.8-C to 
z6.8 Cand salinity from :12 to 3-t ppt. 

The seod experiment was conducted in April 1985, during the natural 
postspawning seasm)n of grey mullet in Hawaiian waters (Kuo and Nash, 1975). 
The fish were 2 years 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 l)hotol)eriod regimes; 61,:181), 121,:121) and 18L:6D. 
Each tank held 15 fish. One tank of each pair served as a control and tile other 
received MT. The fish were fed the designated diet and explerienced the spec­
ified photlperiod regime after one week of acclimation in the tank. The fish in 
the treat ment group received he MT for I I weeks. Then all fish were fed on a 
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Fig. I. Maturat iin o)f male mulIlet fed a diet sup)lemented with MT at different sal in ities. Figures 
in parent heses inlicate the nmber of mature fish. 

regular diet without NII. All the fish were checked for milt every week until 
they did not .possessany trace of miiit. At that time, body weight and standard 
lengh were recorded. Tho fish that did not produce milt throughout the exper­
iment were sacrifice d and their gonads were fixed in Bouins solution for his­
tological examination to determine the sex. Average milt rating for mullet under 
different phol operiod,; was calculated thus: average milt rating - sum of score 
of all males/number of mat Lire males. During the experiment, water teml)era­
ture was 25.8 to 26.q C and salinity was :32 to 35 l)pt. 

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 t)l)t salinity, respectively. These results represent mal.uration 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 watiers of' 25 
ppt and 10 pl)t matured, but one out of eight males in 20 1)1)t did not mature 

I,'
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TABLE I 

Avea e rat ctu h'sitl percentage ofnit tire itale prespawnhitigr ing itt n it i tim, number Aini| Jt uitillet indured hy NlT during t lie 
Ijeri t 

Phlihoneriwl 1I :8 D 121,: 121) 81I,:161) 

'cont
t reaIted colIIt ruI I reated t'mnIrm trva t e( I ro I 

.verageratirti 17. - '.2:3 0l.3 0.78" 2.;33 t0,1 0.56 + 0.80 2. 5:1 0.6-1 0.71 f O.82 

for mill 
( miditi-m 

SIlt~l
))
 

Number a') In) 12 9 12 lO 
ml uttre
inllI,+
 

Num bwr,I iale, 12 II 12 12 12 1,I 

in grttit 
Mattirc, S3+ 5.5' WO 75 l1007 

Inalt., I' i I 

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

Sperm 1'romi the fish in 10 ppt were not activated inl water of' 10 ppt hut were 
activated in the 32 ppt seawa er. 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 :12 ppt seawater. 

Photoperiodex periment 

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 mules out of' 13 males under a 16L:8D photoperiod, 13 
(ut of 2-l under 121A121) 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 c'n rol gro)up under the same photoperiocd. The smallest size of' 
mature male mullets in this experiment was 114 g in the treatment group and 
119 g inl the coittr(l group. Gonadosomatic indices (GSI) an(' 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 
dif'f'crence in GSI was significant (11 < 0.05) for all three photoperiod condi­
ti()ns (Table 2). There was no significant effect of I)hotol)eriod on the values 

and HSI. All the males in the treatment groupl matured by the end of' 
the exl)eriment with the excel)tion of the 161,:8D photoperiol in which 83% 
mat u red. 

In the third week of the second experiment, 55.6% of' the males matured in 
the 61,:18D photoperiod, 40% in 12L:121) and 33.3% in 18L:6D (Fig. 2). All 

(8f(SI 
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TABILE 2 

(;l adisomatit iulites g(il ad weight/hdy weight) x ll1j id hepatusnlatic indices Iliver weight/hdy weight) 
X 1001 fir mullt fed a cdisul plememtuhd with MT for .1weeks duriig tit ltrslpawnhig period 

Photoptrid r;oulp .Male 	 Female 

Mean * ,S.D). Hiale 	 sall'he ,",Ian S.D). Ranget sample 

,izc, Size 

( (li(lS
Ildlic inldex
 

11l1.:A ) 'lremtment 0..7)1 ' 1h27" 1015 0h.91 12 D}.28 0I.11 0. 13 0Il.11 

(C lltrol 0.18 11.22 
' 

111.1 1.81; 12 0.28 1105 0,23 131.1 
121,:121) Treatment )5lil .21 .1G.11 12 0.211 .11 11 0,22 11.2S .1 

1 1ntra Ii.26t ' 11.1t; 0.1it1 0.5, 12 (I. () 0.1.2 1 - 1 . 
Sl,:e UTrealmnti. 1 l.23' 0.15I0.60a 12i m .22 11.0 1le1.rag(, 2 f m hI 

rl' nr,1I 1U.s3 11. - 1 .I0. . ' he7 a-v i.31; o o0 t,31; 
1lepaste inl llIllwX 

II f:sle e Ial met 
( *,nitr-d-1 

1 30 
1 ql 

0.23 
' 

I 
1.1 1 

' 

0.7711 
1).71 

.I 
1 !! 

12 
12 

tI8).1.2e 1 
1.11H . WI 

1U(
0).88 

1.e1, 
1.1.t .1 

o 

121,:1211 Trenat ment 1.62 1 1.2 - *!J 1.21 2 .211 12 IOfl 0. 11 1.36; 1.617 .1 
(',-ltnd 1.01; ' 1.13 0I.XS [, .2 12 1.0i 1 01.1 G IO.S 1.291 .1 

S1j:II I ; Il 
Clintrn I 

hrem les 
1.I1 

ee2 in. g
1. 13 0.9() 1.12 

12 
11 

iLn th I 
1.I11 

21:12•11.2.5 
0l.01; 

.l" 
1.11) 

1.91 Ia 
1.22 2 

'siglnifica:l d ,llert-litt ill 1' 1).il( 

"SignJfiit'aul dilherenuv' l Pi/ (Olpl. 

these matur'e fishi were sac'rific'ed at this time. T]he avelrge size of mature f'ish 
was 151.:1 f- 412A. or larger than that o>I*all the reimainling al fishl ill theL 
treatmellnt groulps I 12.6 _ '. 1 I ) The aIVermtIc (',S of' t lie sacri ficed t reat ­
nelf and colit rol fish are listed ill Tabfle :1. There wvere signlificant (1) < 01.05) 

<difflerelces het ween con Itrl a nd t ret nenl group~s under thle Iphot operiod of* 
181,:GDl. All oI' the males receiv'ing, NIT inl the 121,:121.) Iphotoperiod miatured 
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WEEKS OF FREATMENT 

Fig. 2. Percent ot' mature male mullet afier feeding a M''-sulpplemented diet under various pho­
tIperiod regimes during the postspawning periud. MT was wit hdrawn from the diet after 11 weeks. 
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TABILE 3
 

(;onadosomitic indices and average ody weight formale mullet proiducing sperm in response to 8 weeks of' 
17o-methyltestosterme treatment and male mullet in control groups during the pistspawning period 

l'hotoperi )d (;rmup (nadosiatic index Body weight (g) :ample 
size 

MeanI S.). Hange Mean : S.). Range 

11,:G11 Treatment (0..1 0. - 1.09 (.22 18,3.52 55 : 79.85 228.9.5 .1() "5 1G 
('ontrol ((00 01 0.0151515. ) ;-. HI; .01. 0.1) 87.51 -2413.31 

121,:121) Treatment 2: 0. 1.5 0(9 (.17 110.531 110.71 4().l 25.22 181.27, 
(iinitri (11 . (.0)2 (.03 0.(9 129.87 28.85 S2.82 1(3.18 -1
 

6L.:lsl) Treatment 0.141 0.08 0.06)0. 1() 1;'.77 39.53 108A(8-2(0.t.75 5
 
('uitrol (,07 0.03 0.0.1I-0.10 15 625 .19.25 107.00-20..19 2
 

'Significant differeitie at ' 0-.05. 

by tlhe fit h week ol'treatment (Fig. 2). However, one male illeach of the other 

teal ment grtups did not mature until ()loe week after MT was removed frotn 
the diet (Fig. 2). Th ittgu ot the experiment, the condit ion f'mat urIe males 
in the three pholtoperiods did not differ from the average rating (Fig. :2). There 
was a lso no difference in the regl'ession time for the mature males under di'­
ferent phtiperiods after MT was wit hdrawn frt'lm the diet (Fig. :2). The time 
ft' ( omplete regression of' the testes of mat tie males was 2.5 to : weeks. No 
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Fig. :. (;onalal maturattion (expressed as milt rating) f'nmale mullet during feeding of a diet 
supplementct with IT and after wit hdrawal of the fIrmone (week 11). 
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males matured in any of the control groups except, one male in the 6L18D 
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 hefbre the beginning of natural spawning of grey mullet in Hawaii 
which occurs from mid-I)ecember to the beginning of March (Kuo and Nash, 
1975). The gonadal maturation of males in this experiment could le attributed 
solely to the administ rat ion of MT. From the condition of mature males under 
different salinities, the males at 25 I)pt appeared to he in slightly better running 
condition than those at the other salinities throughaout the experiment (Fig. 
1 ). Also, there was a higher percentage of males that mat ured earlier at 25 ppt 
than at the other salinities. However, the average water temperat ore at 25 ppt 
was I C higher than the average temperature in 10 )l1t and in freshwater. 
Alt hough the effect of water temperature on the )otency of MT is not known, 
it seems that there is no significant difference in the I)otency of MT to male 
mullets at the salinities from lt) ppt to 25 ppt. 

This studv also showed that male mullet will mature in freshwater through 
tie application of' MT in the diet. However, the high mortality in freshwater 
made tihe coml)arison with mat u 'e males in the ot her conditions impossible. 
In our other st udy (Weher 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. Eckstein (1975) indicated that male mullets in fresh­
water could synthesize the necessarv steroids for testicular development. In 
another experiment (Shireman, 1975) it was shown that mat ure mullets of 
both sexes underg at resin short ly after transfer to a freshwater lake, contro­
verting mir findings. There fore, further studv on indiucing iale maturation in 
freshwater is required. 

Our results showed that sperm from fish in 10 ppt were not mobile in 1t l)pt. 
We did not test sperm fert ilitv wit h mat ure e-s. However, the st udy conducted 
by Hu and Liao (1981) obtained fert ilizat ion and no pigmented embryos in 
salinit ies as low as 7.0 ppt. Eckstein (1975) reported that the infertili y of grey 
mullet in freshwater is limited to female fish. The motility of speri in water 
where mullets mature needs to he verified. 

The first phot oJeriod experiment was condluctCed about :3 months1before tile 
spawning seaso m in Hawaiian waters. Some of the male mullets were induced 
to mat ure after being ill various photoperiods for one t h.At the same time, 
there were few mature males in the out(loor ponds. This indicates that mat ur­
at ion of' male mullets was accelerat ed by the manipulat ion of' photoperiod. The 
percentages of mat Ure males in each photoperiod regime were 8.7%, 54.2%i and 
3,1.6" with tle siorteiiig;; of daylengt 1. This indicates that short daylight, less 
than 12 li, livors tile maturation of male mullet. After 8 weeks, the percentage 

6 
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of males which matted in this experiment was higher under shorter photo­
period regimes in bot h treatment and control groups (Table 1). The treatment 
groups which received MT had more mature males than the control groul)s, 
regardless of I)hotoperiod regime (Table 1). 

The second 1)hot operiod exl)eriment was conduct ed du ring the postspawning 
season. Males in the cont rol groups did not mature during the experiment, with 
the exception of me fish. In the treatnient groups, male mullets showed an 
earlier response under shortened daylight conditions (Fig. 2). Therefore, it 
required less time to mature male mullets by the application of NiT if the day­
lengt h was shortened. 

The average rat ings foe iniIt condi, ion were higher in the t reatment groul)s 
than in the cont ol gnroups and increased with the shortening of' daylight in 
Experiment I (Table 1). Average ratings of mature males in the second exper­
iment did not di ffer bet ween daylight regimes 1Fig. :3). There was no difference 
in the (SI of male muIlets under diff'erent photoperiods in both Experiments 
I and 2 (Tables 2 and 3. [lowever. (W,:,s in some treatment groul)s of both 
experiments were significant ly higher than in the control groups (Tables 2 and 
3). 

In both tretient and (contriolgroups, (GSis in Experiment I were about 
three tiies higher than those in 1xperinient 2 (Tables 2 and ). This was 
exl)lained by the timing of' Experiinent I during the prespawning season and 
Experiment 2 duri the l)oStSl)awning season. Theoretically, ( 81s should not 
reite to fish size. I[)ifeiences in size were, therefore, not coosidered. The results 
also suggested that MIT initiated spermat ,genesis and sl)eriiat ion but not the 
ic will of testes. 'I'hus, the G(SIs were much smaller than those reported by 

Shehadeh (197a. 
This experiment was not designed to deine the minimum size of' male mul­

lets which could be induced to mature by the application of MT. In the second 
)Ihotol)eriod experiment, however, larger mullets matured earlier than smaller 

Ones. Experimental fish in this study were ab )ut 2 yeans old, the idninimum age 
foi maturalin in many locations (Brusle, 1981 ). Consequently, the effect of 
size oil maturation became critical. Additional experiments are required to 
confiirm this cimclusiom. The smallest mullet to mature in this st udy was about 
11 g in body weight. 

In conclusion, IT<- metlhyltestosterone can be used to induce matuiration of 
male mullets in fresiiwater and under different photop e riod regimes. However, 
fish respondl earlier to the reat menit if' (ondlitionsare optimal for the matura-
Iiofl of mullet. 
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