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Abstract

Progress in propagation of mili.fish has been impeded by the shortage of mature broodstock.
This study was a first step toward revealing the anvironmental cues for the mataration of milkfish,
Faperiments were carricd out during 1978-1985 in an i~door ank (5.2 < 4.8 > 1.3 m) under

photoperiod - ontrob and in an outdoor tank (6.3

5.4 - 1.3 m). [ two controlled. long-photoperiod

regime e periments, 86 and 83%0 of the tish matured, the highest percentages yet reported. In these
expeviments, milklish matured one montk: earlier thar <he normal spawn’ng scason, lwo months
afler the fish were exposed to the long daylight regime. Only 21 of the fisk under a nalural
pholoperiod regime in the outdoor tank matured. Resulls of - current study suggesl that a change
and increase in photoperiod are necessary for the onsel of nasuration.

The tmportance ol miikfish (Chanos
chanoy Forsskal) as a food or bait hish has
been reporied by Kuo et al. (1979): Liao ¢t
al. (1979 and Juario etal. (1984). Demand
for milktish v has motivated research on
artiticial propagation, however, progress on
spawnmge and propagation ol milklish has
been constrauned by the lack of mature
broodstock (Keliev and Tee 1986). The es-
tablishment of a captive broodstock would
provide a rehiable source of mature individ-
uals tor procuction ofhatcheryv-reared milk-
fish fry.

Environmental cues which trigger the
raaturation of fish are often abscut from
holding tactlitics. Varous enyironmental
stimult influence activity i the hypotha-
lamic-priaitary-gonadal axis and conse-
quently control the seeretion of reproduc-
tive hormones in teleosts (Crim 1982).
Therefore. enyironmental manipulation and
exogenous horimone treatments have long
been used o facilitate maturation in nany
fish species.

The relation of cuvironmenial tactors to
fish repreduction varies among species and
has recently been reviewed by Lam (1983)
and Stacey (1984). Environmental cues
which inittate mitkfish mawration have not
been defined (Lee .985). WMiilkiish that

achieve sexual maturity are usuaily larger
than Y kg in body weight and 54- years old
(Lizo 1971 Liao and Chen 1979). Because
of their size. a larger holding facility is re-
qanred to accommodate the fish and to avoid
the stress of overcrowding. Conducting en-
vironment-related experiments requires a
more complex lacility. Consequently, ex-
periments i these areas have not beer con-
ducted.

In this study, we examined the eflects of
photoperiod aiene and in conjunction with
futeinizing hormonce-relcasing hormone
(LHRH) implants on the maturation of
milkfish prior to and during the normal
breeding season,

Materials and Methods

Two separate experiments were conduct-
ed 1 which adult milkfish were exposed to
a specific photoperiod regimie. Experiment
1 utilized a single. photoneriod-controlled
holding facility. Experiment I was con-
ducted ia the same holding facility, but a
control outdoor tank, exposed to ambient
light levels. was added. The photoperiod
control portions of this study were carried
out in an indoor rectangular concrete tank,
5.2 x 4.8 x 1.3 m deep. Two channcls,
4.8 x 0.8 x 0.6 m deep. were built into
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cach side of the wank bottom to lacilitate
capture and handling of fish. Four sets of 2
m long, double-lined luorescent lights were
hung 1.1 m above the surtace of the water.
Light intensity at the water surface ranged
from 4.2 > 10" 1o 1.O5 ~ 10" quanta-see
e The light regime was controlled by an
automatic umer. Throughout all experi-
ments. water temperature and salinity
ranged between 25-27 ¢ and 30-36 ppt
respectiv ey,

In Experiment [0 12 three-vear-old fish
(fork lengths 33-70 cm) were obtained from
local Hawaiian hish ponds and stocked into
the tank in 1978, The primary dict was Ral-
sten Puring Catfish Chow. Photoperiod was
constant at ISL:0D until August ol 1981 It
was then adjusted to ol 18D for three
monas. fotlowed by 1210121 for another
three months. and finally 18160 uniil Sep-
tember of 19382,

The controlled photoperiod portion of

Experiment H repeated the same photope-
riod regrae as in Experiment L The pho-
toperiod was set 1o 104D in August.
P984, was adjusted 1o 121:12D in Novem-
bersand was finally chanaed to 18L:61 on
28 February 1983, The 11 fish (67-83 ¢m
i fork Tengtin were fed Purina Trout Chow
=6 exclusively. On February 28 five ol the
cleven fish were implanted intramuscenlarly
with a hormone chelesterol pellet eontain-
g 200 gg ol des-Giv'™ (1D-Ala")-LHRH
Ethylamide (Sigma Chemical Company).
Pellet prevparation and implantation tech-
niques were described by Lee et al, (1983).
Each lish received one cholesierol pellet
cvery month from March through June. The
other tish received no hormone treatments,

Fourteen fish in the ambient photoperiod
portion of Experiment H ranged between 65
and 82 cmoan fork length and received the
same diet as those in the indoor tank with
the exception of algac which grew in the
outdoor tank. The tank measured 6.3
5.9 % 1.3 m and was covered by a trans-
lucent fiberglass rool 2.5 m above the iank.,
Water temperature and salinity ranged be-
tween 25~28 Cand 35-39 ppt, respectively.
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Tenofthe fourteen fish were implanted with
the same LHRH-a cholesterol pellets de-
scribed above. The four remaining fish were
implanted with placebos,

Milkfish maturation was asscssed cach
vear during the normal spawning scason in
Hawaiio e June through August (Kuo and
Nash 1979). Feraale maturational stage was
assessed by inserting a cannula through the
urogenital pore to sample gametes as de-
seribed by Shehadeh et all (1973), Males
were constdered matuse i pressure on the
abdomen resulted in milt being expelled
froni the gonadopore. Females with oocyies
larger than 700 um in diameter were re-
moved to an outdoor 10000 L tank for in-
duced spawning trials. Hornones used to
mduce spawning in Experiment | included
acetone-dried salmon pituitary homogenate
(SPH), acetone-dried carp pituitary homog-
cnae (CPH) and human chorionic gonad-
otropin (HCG). Hormone dosages were
biased on data developed by Koo et al.
(19793, LHRH-a (250-300 wg/fish) was used
to induce spawning of fish in Experiment
I1.

Results

Experiment T—Conrolled Photoperiod

None of the seven fish remaiaing in the
photoperiod room in August 1981 had ma-
tured. but six of the seven matured in May
1982, This constitutes an 86% success rate
in maturation induction. The sex of the re-
maining Lish could not be determined. Of
the mature fish. four were female and 1wo
were male. Table T lisis the average cgg di-
aneters for mature females in this experi-
ment that were used in induced spawning
trigls. The two mature males were not dis-
covered umil June 14,

The first twvo mature females were found
on May 21 moved immediately 1o an out-
door tank and injected with HCG and fish
pituitary (Table 1). Nincteen hours later,
hiydrated egps were released by one of the
fish. Eggs were stripped from both females
22 hours after the first injection. and were
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Sunimary of hormone dosage and injection trequency to four milkfish held wnder a photoperiod regime

with 4 months at 101140, 3 months at 121120 and 1-5 months ar 181.:6D.

Initial Hours
epp Body after
Fish  diam.  weight Injection cannu-
no. (m) (kg) dose lation Remarks
| 858 0.8 100 mg SPHY - 10,000 LU HOGY 1 1. Hydration of eggs was proceed-
S0 mg SPH + 500 ¢ LH-RH¢ 18 ing.

2. No ferulization was achieved
due to a tack of males.

2 840 7.3 100 mg CPHY = 10,000 LU HCG 1.5 1. Eggs were found in the water
SO mg CPH + 20.000 LU, HCG 18.5 19 hours after st injection.

2. The eggs were stripped at 22
hours after Ist injection.

3. No fertilization was achicved
due to a Jack of maices.

3 940 9.1 110 mg CPH - 10.000 1.U, HCG 3 . Seven hours after Ist injection
SO mg CPH - 20,000 LU HEG 21 hydration of cggs was con-
firmed.

2. No eggs were obtained from the
stripping at the 25t hour alter
injection,

4 920 8.2 100 mg SPH o+ 10,000 LU HCG 3 I. Fish released some eggs spon-
SO mg SPH -+ 20000 LU HOG 21 tancously after 18 hours of Ist

injection, Stripping was  fol-
lowed 3 hours later. Eggs were
fertilized.

A Salmon pituitars homogenate,

b Human Chorionic gonadotropin,
¢ Luteinizing release hormone.

d Carp pituitary homogenate.

fertilized with the sperm ol Mg cephalus,
as there were no available male milkfish,
Faise fertilization was observed.

Three weeks later, another two Jemales
with egg diameters of 920 and 940 pm were
imjected with hormones (Table 1) even
though the eges were partially atretic. One
ol these hish did not develop further and.
althoogh handstrippime was attempted. no
Cees The other fish was
stripped approximately 21 hours atter the
first infection. 'The epps ware fertitized with
milt from one of the males. An estimated
79.200 cggs vere obtamed from this female
and about 10 were fertilized. An estimated
70% of the fertifized ceps hatched. Many
tarvae had deformed vertebrae and died be-
fore the absorption ol the volk sac was com-
plete,

were obtamed.

Experiment 11— Controlled Photoperiod

Four of the five fish in the implant group
and live of'the six in the non-implant group
matured during the experiment. constitut-
ing an overall maturation rate o' 82.8% (Ta-
ble 2). Fisb that did not mature were the
smallestin the experiment. Two of the three
temales in the implant group possessed eggs
larger than 00 uwm m diameter at the be-
ginning of April. while the tvo females in
the non-implant group did not have epgs
larger than 750 pm before May 6. Thus, fish
i the implant group matured one month
carlicr than fish in the non-implant group.
Only one male i either group possessed
running milt during the monthly samphng
in June (from the implant group) and July
(from the non-implani group).
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Ige diameters and runaing condition of mitkfish held under a photoperiod regime with 4 months at

FOL:04D, 3 months at 121.:12D and 1-5 months ar 181.:6D.

Gonads egg

Fish FI. diameters or
no.  Sex  (em) milt condition April 5 May 6 June 3 July { August 2
Fish receiving implants
| F o760 mean © SD 085 + 004 0.04 + 0.08 0.84 = 016 0.37 + 0.07  0.70 + 0.08
range 0.735-(0.95 0.30-0.70 0.25-1.05 .20-0.60 0.45-0.85
no. of cggs 79 100 100 114 112
2 Fooo705 mean © SDO095 v 0.03 0 30 ¢ 0020 0.35 # 0.04 0.85 + 0.0O8  0.31 + 0.03
range 0.90-1.00 (1.25-0.40 0.25-0.45 0.70-1.00 0.25-0.40
no. of cggs 4 100 100 114 100
3 F 720 mean < SD — 0.73 + 0.1 0.70 £ 0.26 0.86 + 088 0.72 + 0.11
range - 0.45-0.90 0.25-1.00 0.30-1.05 0.30-0.90
no. of egg: — 101 102 54 106
b M RGO milt rating® 1 0 | 1 0
5 7 69.5 - - - - -
Fish not receiving implants
6 F 830 mean = SD - 0.83 = 0.04 0.69  0.08 0.43 + 0.06 0.78 + 0.08
range - 0.75-0.95 0.25-0.90 0.25-0.55 0.25-0.95
no. of eggs - S5 96 100 105
7 Fo715 mean © S 051+ 007 079 + 0.06 043 + 0.05 0.80 + 0.05 0.33 + 0.05
range 0.30-0.63 0.60-1.00 0.25-0.55 0.60-0.95 0.20-0.45
no. of cggs 78 74 110 102 102
S M 705 miltrating 0 0 0 3 |
YN TS milt rting 0 0 0 0 |
O N 7005 milt rating 0 0 0 | 0

| 67.3 —

4 Fish was not retmplanted at this time.,

b Miltrating—0  no milt observed. |

The observed frequency distribution of

egg sizes (Table 3) indicates that all five fe-
males were capable of multiple spawning
during the scason. Each female possessed
cees larger than the eritical size required for
hormone-induced spawning (Juario et al.
1984) at least every other month. Sponta-
ncous spawning occurred four times from
April 1o August. The first two spawnings
were obtained from implanted Fish #2 and
3. which spawned two days and cight days
after hormone implantation, respectively,
Lach spawn produced only a few eggs and
none were ferilitized in the absence of ma-
ture males. The last two spawnings came
from unidentifed females. The third
spawning resulted in the release of 300.000
cges. a fertilization rate of $3% and a hatch-
ing rate of 24.1%. The fourth spawning pro-

“ traces of milt, 2 = small amounts of milt, 3 = copious running mil.

duced 100,000 cggs. but these were not fer-
tilized even though mature males were
present.

In August, induced spawning by injection
of 250 ug of LHRH-a in liquid form was
attempted witheut suceess on Fish #1 and
3. Mean cgg diameters for Fish #1 and 3
were 722 and 700 pm. respectively.,

Experiment 11— tmbient Photoperiod

Three of ten fish in the implant group
matured and no fish in the non-implant
group matured (Table 3). The two females
that matured fully were the two largest fish
in the tank. Fish #2 had cgg diameters larger
than 800 pm in May and August and was
therefore capable of multiple spawning dur-
ing the scason.


http:0.60-0.95
http:0.25-0.55
http:0.30-0.65
http:0.25-0.95
http:0.25-0.55
http:0.25-0.90
http:0.75-4).95
http:0.30-0.90
http:1).30-1.05
http:0.25-1.00
http:0.25-4.45
http:0.25-0.40
http:0.70-1.00
http:0.25-0.40
http:0.45-0.85
http:0.20-0.60
http:0.30-0.70
http:0.75-0.95

Tavne 3. Evy diaineters and running condition of inilkfish expos

MATURATION AND SPAWNING OF MILKFISH

257

o 10 amhient photoperiod in Exeriment 1.

CGlonads ceg

Fish FL. diameters or
no.  Sex (em)y milt condition April 4 May 5 June o July 3 August 2
Fish receiving implants
1 I 785 mean ¢ SD — 0.4+ 011 047 004 047 - 018 0.85 + 0.03
range — 0.35-0.80 0.204).83 0.30-0.93 0.65-0.95
no. of cpgs - 55 137 14 100
2 I 820  mean -+ SD small cges 090 007 058+ 012 042 - 015 Q.82 0.01
range 0.2-0.3 0.75-1.043 0.30-0.80 0.25-1.05 0.30-0.93
no. of eggs 114 111 93 102
3 F 675 mean + SD - - - - Previtello-
penic
oocyles
4 F 735 mean + SD - - - - Previtello-
genic
oocytes
50 M 700 milt rating® 3 2 1 3 3
6 ? 77.5 - - - - -
7 7 73.0 - - - — -
8 ) 66.0 - - —_— - -
() R (,()'5 — —_— —_— — —
10 7 77.0 - - - - -
Fish net receiving implants
11 F o 68.0 mean + SD - 32+ 0.02 — Previtello- 0.28 + 0.02
range - 0.25-0.35 - genic 0.20-0.30
no. »f eggs — 100 - 0ocvtes 20
2 F 760 mean + SD - - — - 0.43 + 0.05
range - - - - 0.25-0.50
no. of cpgs - — - — 108
137 68.0 - - - - -
4 75.0 - - — — -

CMiltrating—0 - no milt observed, |1

Spontancous spawnings were observed
twice. on March 26 and May 8. The first
spawn occurred 27 davs after hormone im-
plantation. and the second spawn took place
3 days alter hormone implantation. Both

spawns produced only a small number of

cggs. and fertilization Cid not take place in
cither case. even though a mature male was
present,

Two fish with mean egg diameters of §53
um for Fish #1 and 823 ym for Fish #2 were
cach injected with 300 ug of LHRH-a in
liquid form in August. Fish #1 spawned one
day after injection and Fish #2 began drib-
bling cggs after one day. but did not com-
plete spawning until that night. Fertilization
did not occur with either spawning attempt.

= traces of milt, 2 = small amounts of mil , 3 = copious running milt.

Discussion

Maturation of milk{ish was not obscrved
in Experiment 1. cither before or during
1981, under a constant long-daviight re-
gime. When daylight was increased in 1982,
however, milkfish began to mature. To our
knowledge. this is the first incidence of
milkfish maturation under artificial lighting
conditions. This result implics that a change
and increase in daylight may be required to
stimulate the onset of the maturation pro-
cess in milkfish. A point to consider is that
fish that matured in 1982 were a year older.
The difference in age of milkfish that ma-
tured should also be considered as a factor
in maturation. Lin (1984) demonstrated that
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older milkfish showed a higher pereentage
o’ ma.urity in captivity. Further experi-
mentation on the eflect of age 18 necessary.

Under the same photoperiod regime, fe-
males in both Experiments Fand 1T had epgs
larger than the ceritical size for induced
spavning by May and as carly as April in
caperiment L In Experiment 1L a much
preater pereentag (83%) of fish exposed 1o
a controlled photoperiod in the indoor tank
ceached full maturity than fish exposed o
ambient photoperiods in the outdoor tank

217, An icrease in photoperiod seems to
trigger the maturation of milkfish. A fonger
photoperiod is an important factor in the
control ol maturation ol summer-spiwning
fesh (Fam 1983). IF this s trues it will be
possible 1o control the motaration of milk-
fish by manipulating photoperiod. Indeed.
milktish m thisexperiment matured in April,
amonth betore the normal spawning scason
(Kuo and Nash 1979), Nhikhish n the out-
door acilities also matured by April through
hormone implantaton and were, in fact. the
first to spawn. The pereentage of mature fish
wis. however, much lower, The mcreased
maturation rate ol indoor nulkhsh meay be
divect!y attributed 1o photoperiod adjust-
ment.

In Experimient H, malskhish mothe indoor
ank. mmplanted with exogenous hormones.
nutured at loast one month carlier than hish
receiy ing no hormones. Milkfish that did
mature i the outdoor tank also received
mplants, EHRIL-a cholesterol
peller implantition has been proven o be

hormone

an ceffective method for enhancing the mat-
uration ol sndktish (Lee et al, 198G,

In this stady. malkhish were induced 1o
spawn by THRI-a oelletimplants, LHR -0
hguid injection or CPH and HOG mjections
(Fabte 2y, Ovulation was achieved by a sin-
ple apphication of exogenous hormone to hish
which possessed cges Targer than 823 gmom
dizmeter. Fish which possessed cpgs with
diameters less than 823 pm did not ovulate
as a result of the single hormone injection
ol LHRH-a. More than one injection was
necessary for the final mawration of mitk-

fish with small eggs (Kuo et al. 1979; Juario
et al, 1984: Lam 1984). Our recent studices
also indicate that the critical egg diameter
for inducing spawning by singiec hormone
injection s 800 um {Lee et al. 1986b).

In conclusion. milklish matured in an in-
door tank of 23 m” under a long davlight
regime. Maturation occurred ina larger per-
centage of fish when exposed to long pho-
toperiods inan indoor tank than in an out-
door tank with cvvosure to the ambient
photoperiod. Implactation of LHRH-a pel-
lets caused milklish 1o mature one month
carticr than untreatesi fish. Milkfish spawned
in both tanks.
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