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GONADAL MATURAT ICN OF FINFISHES
ENVIRONMENTAL CCNTROILS FOR INDUCED MATURAT ION
adal maturation process in fishes consists of two

2 P, NaAMM: . IW.R¥* ’ ) jhases (1) Gametogene31s and gonadal growth and
-eptral Marine Fisheries Rcsearch Institute, Cochin 682 031.

—_— e

iJ@ Completion of maturati 1 and rclease of gametes, While®

INTR CDUCT ICA A _ : 52 . e
e first, most captive fish, particularly females 'fail

Reproduction in cultured finfishes is usually restricted lete the final stage of maturation. The deve lopment

to a specific period of the vesr when environméntal conditions o f ﬁaﬂs could be induced by nutritional manipulation,
are -favourable. The success of marine and krackishwater ]

finfish kreeding primarily depends on the availability of o
healthy breeders in sufficient numbers for use in induced Rl gonadal maturation of finfishes is basically
breeding and thereby leading to large scale seed production. -rolled externally by environmental conditions and

In India, in order to meet the growing demand for the seed of cnally by the endocrine system (de Vlaming, 1974).

cultivable marine and brackishwater finfish for agquaculture onmental stimuli and hormonal secretions influence

practices, mass production of seed by induced breeding is an grion of gonads and there is interaction between the

essential prerequisite. It is imperative to maintain brood- P pituitary gland and gonads of finfish. The right
stocks in an environment which is conducive to them and one mull transmitted from the brain induce secretion of a

that promotes gonadal maturation. Mdny of the major current sing hormone (RH) from hypothalamus. The releasing

problems in marine and brackishwater fihfish breeding relate ne stimulates the release of gonadotropin from the

to nutrition, reproduction and environmeéntal requirements and Witary gland into the vascular system. The gonad9tropin
hence the need for better understanding and control of these -hen carried to the gonads and it induces the production

factors (Lam, 1983). teroid sex hormones. The latter, which include andfogen,

"Ogen and progesterone are responsible for gonadal

* The major activities in finfish breeding involved are the turation (Aronson, 1959; Hoar, 1969; Lam, 1982).

raising and maintenance of broodstock, induced maturation of
gonads, hatchery operations including spawning, fertilization

and hatching, larval food production, larval and nursery rear-—

- | - ' beg
ANFLUENCE OF ENVIRONMENTAL PARAMETERS O GONADAL MATURAT ION

: ] ' The important environmental factors which control gomadal
ing techniques and production of hatchery bred fingerlings.

' . . uration and spawning -of finfishes include photoperiod,
The influence of environmental factors on maturation of gonads g

Perature, floods, food availability and stress.
has been studied in several species of freshwater fishes and : X

: 5 . . . T y s > i 5 4 kb J S = = . = T

not much work has been done on marine and brackishwater fishes. 3 he ‘effects of photoperiod and temperature have received

In this paper, the role of environmental parameters on gonadal Léh attention and are generally considered to be of great
Ortance -in the 1nducement of gonadal maturdation and

pawnlng (Shehadeh, 1970; Lam, 1983). In nature, gonadal
uiaturation and spawning in most of the finfish species are

maturation of finfishes in the three habitats are discussed.

Bt e e i T T T T i

* Present Address: Madras Research Centre of Central Marine

fF?gulated either directly by manipulation of day-length or
Fisheries Research Institute (ICAR) Madras - 600 008. E £ o i R
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‘clearance of hormones (Peter, 1981), (4) action on the
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such as Gasterosteus oculeatus and Cymatogester agoregsta, ~4l~

long photoperiods are stimulatory in gonadal maturation at "ii.ggghggg§, Liza par
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light cycle stimulate gametngenesis regordless of temperature
(Macquarrie et gl., 1979; Hendcerscon, 1963; Breton and
Billard, 1977).s In gome other fish specics, low temperatures
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b . : 4

effects by (1) a direct action on.gametogénesis (Lofts et zl., breduction of the bupfish, ¢
5 L

YRrinodon nerag
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et al., 1977; Bieniarz gt gl., 1978). In majority of finfishd
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A .rise in salinity has led to regreséion i¢.gonads in (Mackay, 1973),
the South Americsn gymnotoid fish, E;gggmggpgg virescens . ffect ing Rt
(Kirschbaum, 1979). 1In the wild fish, Gillichthys mirakbillisy | 1960; Billarg st gi., 1981)

#here ls regression cof gonads, when salinity rises in the 4 B8S ard trancro, & ﬁndergo e atrESia.o
estuarine habitat of the fish (de Vlaming, 1971). Regarding ' : FAILE 4

quarium tank (De Montala
the effect of low salinity on gonadal maturation and reprodug

; Scott 1979; Lam, 1982) el
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_ d to be respongi
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n‘milkfish, whe
#filao et 41., 1963)
pﬁsticides ang . od

tion in euryhaline mullets, Mugil cephalus and Mugilcepito,
vitellogenesis is inhibited in freshwater (Abraham gt al.,19
But Eckstein and Eylath (1970) have reported that reproductil

is not disturbed if these species are reared in freshwater L have 4

Mental inhibitors of
¢ 1975, Dona lagon

Ssumed inCreasing’importande
gonade 1 activity of fishes
and Scherer, 1983) ;

from fry stage to maturity in the game environment. The gre}
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INDUCED MATURAT‘I@J OF FISHES BY CONTROL OF ENVIRCNMENTAL FACT Y cocyie stage. “hes effsct of photoperiod

g}vitellogenesis have been examined by comparison
deve lopment, for differept females exéosed to
ged patural day light cycle (2) & natural day
light regime of 6L/18D,

% gcting as contapl. Constant
8 between 17°C and 26

Theré have béen<éever¢l a@tempts to induce gonadal maturé%
tion in captive broodstocks through hormone and environmentalvﬁ
control. The approach of hormone manipulation has encountered
with many difficultlcs (Lew, 1982; Lacanilao ¢t al., 1983). g o -a retarded
The épproach7oﬁienviIOnmsntul manipulation is promising
(Shehadeh, :1970; Pullih end Kuo, 1981; Billard, 1981; Billard

OL" h, :
ave been maintained, In
and Breton, 1983). Envircnmental factors conducive to spawnip

ellogenesis of ovarian oocytes be
of day light is minimal (11 hr).
Pﬁdevelopment was not found from tﬁe
iév. The results indicateg that a co
g%me of 6L/18D ig effective in stimul

_ : il gins shortly before
once known can be manipulated to trigger natural spewning in The same response
gravid fish. Photatherm?l manipulation merkedly enhances the condensed day
reproductive capacity of the grey mullet, Mugil cephalus nstant photo-
(I20 and Nash, 1975). &nother approach is to delay gonadal ating vitello-

gls =] ive
maturation sc as to stagger fry availability outside the NOXme ;a~v¢p80t W s e i
N t:,?;?hin the temperature range examined. The experi-
litions stimulated vitellogenic oocytes to deveiop
¥e- at the photoperiod regime of 61/18D, No
Enic oocytes were

season. In some species, a prolonged or continucus photoper i

or a delayed rate of change in photoperiod delays sexual maty 5-62 ‘days
tion by several weeks op months (Scott, 1979). i
235 days by whi2§sfi::dt§n fish in controlled condi-
5 : ' € Ovarian development

reflect the normal bree ‘

In tropical regions, photopericd does not vary much
generally during the course of the year,' although temperature .

the progress of vit
e, ; ellogenesi e
to have an extended breeding period or even continucus breedd » R vt g S was shown to be

throughout the year, but spawning peaks do occur, which are

may change in summer and winter seasont. Tropical fishes ten

Only fishes-held—injlowex tempera-

usually assccicted with seasonal rainfall and or floodsi Vef

little is known of the environmental factors responsible for ldrvae were raise

; d thgougb metamorphosis, It is
i?cssible tO control ovarian deve lopment by
U0 OF temperature and photoperiod regimes

such seastnal peaks in reproductive activity. Factorsiasso
ciated with rainfall or floods are more likely to be reloted Proper
to synchronization of final maturstion and spawninge. L
$91 tropical fishes exhibit a qi
€ cycle (Lam,‘ 1974; Payne,
#79; Kuo ana Nagh,

The ovarian maturation of the grey mullet, Mugil gephall Stinct seasonal

has been induced ocut of season by environmental meaipulationy 1975; Johannes, 1978;

L e 1979, Kumagai, 1981). The milkfish,
- I ?sh. 1979; Kumagai, 1987) and the
;niéifﬁuugggggg;gggggggg (Lam, 1974; soh, 1976) are two
i/ ‘& eénvironmental factors controlling the reprody,
Q{;thg two gpecies have not S
10ns have been made (Soh,

-~

photoperiod and tempersture in controlled experiments by
Kuo et al., (1974b). Pemale grey mullet adults have been
gelected from estabilished broodstock held. captive for more:

than two years. In order to ascertain the effects of
been identified although

environmental parsmeters on ovarian cocyte development, all :
‘ 1976; Kumagai, 1981).

experiments have been conducted using early in thé refractol



. old) reared in & large floatlng net cage (10 m diameter X 3m

.gpecies of macroplankters (Lucifer epi Aceteg SPi stole hOrus
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Laboratory studies demonstrated that a long phctOPuriOd oL _faﬂyﬁ gapechanus were induced to attal
’ - n maturation

18L=-6D retarded gonadal maturation in o, CdnullGUIutUB compared occurred spontaneously in captivit

to the natural photoperiod of 121~12D (Lam ind Soh, 1975). } : : | ¥y photos
But 1ong photcpurxodc of "1EL-6D O 201~4D and water thﬂerdtuna

12 o BCCLlurdufﬁ maturation of gonads of the temperate fl&hed,‘ HES, fﬁére“raised in floating net-cages (5,;r~-

the turbot. bc,£h+ha]muc e LT and sole, Solea zolea whlch ‘ 5 x5mx 3 m)
resulted’ in early s pawning (Btun Han. PO ) short photo-
period (4L~8D/4L~8D) at 13141 O gtimilcoted ovarian deve lopment
in the dab, Idmanda Aimanda and sdeﬁlng rook plage four montHE
garlier to the breeding season (Htun Han, 1975) « Temperature '

In the sea b 5 r
sea bass, lates calcarife
B e ’

he e ! e E i ) 1ORS
4 ¥

has not been studied but may pe of importance for gonadal B ng the spawning season and it
) . . ason and it involvees tidal

n and ju I ow
and adjustment of temperature and sali '
qk and Manevonk, 1973; V ‘ e

maturation as the fish appear to migrate to deeper Waters,
where tem ratures are lower, and return to the c0aota1 waters iz ol
pe ] 8 Kungvankij, 1987). The

Lo spawn. Laboratory studies did not Show ditfeance in fE}HQphelus tauvina also reared at Sin v iy
gapore 1in

gona I

s -.._C...h rainbo.q tI out, S, a lm_o_ gad rdneri and brook
e

at temperaturc ranges of 28QC~32 C and at 23 O.96% for 5 1% wel
(Lacanilac gt ales 1983) . Parther, immature milkfish (2~4 ye~

t

gepth) at temperature of 25—31 %% matured and spawned sponta-
neously\af&er apout 18 monthu. Wila milkfish in spent stage =

elinusfo i
ntinalis were raised to gonadal métu"ﬁb
SHLC ricy in

I -
similarly maintained £ailed to raﬂature (Lacanilaoc & and Mart€a n Japan, red seabream,

qvénthopaqrus 2304 Pagrus majcf black sea-
g ege li, striped knife-jaw Oplegnath
? a s

& flounder, B
3 { . Haralichthys oliwv
guinqueradiat She S
g ;S. ata, grouper, Bpinephelus gksara and‘seab
8 . are & i o s -
maturjf;wgpyg are reared in floating net-cages £ kil
: ity (Srepherd and Bromage, 1988). i

1980) + Milkfish have matured sexually in large cirﬁular conck
tanks (8.25 Or 12 m diamctcr in Taiwan at & tempera ature rangé.
of 21.4-30.7 Oc (Liae and Chen, 1@79, Tgeng and Hsia0, 1979).V

Anothur common featur& is thet fish are fed a high prog
diet;' The role of putritien in fish gonadal deve lopment hag’

. @l o
received 1itc le attention. Nutrition may be an important ‘ ‘dlffertnte ih gonadal response to, envi : |
2 mvironmental

. o n = .
environmental factor in terms of seasonal changes in abundan® . ot evident in many species. In some
- - Ogaster aggrega 2 & sbeci
and quality of food. Adult milkfish, feea on one of the . : : gaqter aggregata males respond mainly Lo ,;?s'
i £ p ot O~

¢ fe Jna

ickl:ziei ?redomingntly to temperature (wigb;'lgéa)

at a time (Kumagai, 1981) » Balinity is not dpnurently _.w‘t ek, spermatogenesis AT b e dake .

important for milkfish gamutoganUis st least within the ion,al factors Gtraig-Benhett, 19317: B Rusrages

ranges of 7=12%a. (Nash and Kuo, 1976; Kuo et ales 1979), : _;nél sexuality of males and vitell ‘ aggerman,lgao)

13,7-29+8%s. (Liao and GhuE™ 1979 “Peeng ahd Hsiao, 1979) & 8 deépends on photoperiod and temperatur:gigzzgz A )
' R rman, 1980

nd 28.35%e. (Lacanilac and Marte, 1980). The gonads of red
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TR matura}lon A ganags o females H5 e Croaxer, ironmental factors function as selective forces in

Bairdella icistia has been found to be influenced by photo- tion of reproductive strategies. Theyrlnfluence both

pexicd and femperature and ithe gonads of males attained ¥ive and cualitative components of reproduction by

-

i maturity.ihdependent of the factors (Haydock, 1971). P ot itionidg Of time anad resourie R

The -application of induced maturation techniques in fish ¢tive and non-reproductive activities (Wootten, 1982).
falls into.two basic categories. The first invclves the confident. prediction of the effects of such factors
induction of maturstion and spawning in fish which would not 5,a. thorough study in the case of individual species

otherwise reproduce in captivity : the second involves the hes. In fish reproduction, it is important to study the

manipulation of spawning time in fish which do normally breed . , itative relationships between environmental factors and
in captivity (Donaldson and Hunter, 1983). A numbter of finfish 7*;eproduétive activity of the fish. The gonadal maturation
species that afe currently of great economic significahce or '
of potential for marine and bractishwater aquiacwliure ‘\do not
reproduce spontaneously in captivity. It is possible to
eont.rol, the.envirpnment of the broodstock eﬁclosure to permit individual environmental factors like photoperiod, temperature
completion of gonadal development and normal spawning. @M“fiéhes‘varies considerably. For instance, long photoperiod
is favcurable for initiation of gametogenesis and maturation
GENERAL CONSIDERAT IONS : gonads in some fishes like salmonids, turbot and sole.
The env1ronmentu7 factors play a defenite and varying Bﬁ‘ﬁhe other hand, short photoperiod induced maturation in the
role in the gonadal maturation of fishes. The influence of dab. , Low temperature stimulates gonadal maturation in

the varlous factors- in marine andg bracklshwﬂter flnflshes, ilﬁbhythys mirabilis and rainbow trout, while £he rise in

mperéture leads to reproductive activity in killifish and

;Spchlglly in tropical fishes has received very little
attention. 1In India, there :s great interest to»deveiép INow. A combination of long. or short photoperiod with either
éﬁ»dr low water temperature stinmulates gametogenetic activity
different specics of fishes. A prolonged photoperiod of .

I D also retards gonadal maturation in the rabbitfish

aquaculture on scientific lines. In this,cohtéXt,‘there is
need for investigations on the control of environmental factors
on ma turatlon of gonads of cultivable tinfishes llke milkfish,

Chanos chano » grey mullets, Mugil cephalus, Liza macrolepis,

' Ys canaliculatus (Lam and Soh, 1975).
Liza parsia and Liza tade, sea bass, lates calcarifer, grouper

Epinephelus tauvipna and red snapper, Lutjanus johni, rabpbit

fishes, Siganus oramln and OlquUu gan= liculatus, pedrl spot,

UA*because of their, effect on other processes llke rate of
Btroplussuratensis and sandwhltlng, Sillago sihama which are .

Temperature has a strong effect on the rate of
ng in fishes (Elliott, 1981). In the stickle-back

= ‘ ; o : : it Osﬁggg'aculéatus, the scope for growth increases with
period, temperature, salinity, pH, oxygen and food availability: S : 53 A,

and gonadal maturation.

Of commercial importance. There is need to carry out investi-

gations on the exact relationship between “actors like photo-
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: de}ay gametogencsis in the brocdstock,
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L 1959, HoEmongs and reproductive behaviour
enetic considerations. In "Comparitive.

gohadal maturation and
jggy“ (AJqubmdn'—ed)‘IWiley' New York

Environmental factors influencing
regression could be contreolled succeasfully to accelerate Or
g0 thet spaﬁning could

. JuMe,” WAKEMAN, T.D., WILLIAM, AND G.D.TREECE, 1978,

of red snapper, Lutianus ca
ure, 15 : 301-302. Afgug cepedlanug i Capbdwity:

take place and fry produced whenever neededs Epvironmental

le for spawning mey b€ manipulated to induce

facktors responsib

or inhibit spawning. Envirnnmcnt@l factors which result in

1969, The relationshi |
e ; relationship between food
ty in brown trout, Salmo trutta L. J.Figgg;giggd

gonada L regresslicn may be manipulatéd to.inhibit gametogenetid

activity in gfowing fish sOC that somatic growth is accelerated
instead of gonadal devélopment . Environmental factors involve}

e and ‘spawning could also ke manipulated o)

Jaal reproductive cycle in the teleost fishes

. All (Ed) : Environmental physioledy of fishes

in gomadal mature
1, New York., 533-567,

. 5
productive cyc ley

Ty

advance spawning and reduce £he duration of re

B. 1957. Aan experimental study of the t imi'ng L

- : PR T = Siqg!apq.miggat%OQéin the three-spined stickleback
I am grateful to Dr.P.S.B.R. James, Director, Centrzl - EﬁiﬁlgOSteus aculeatus L.) Arch. Neerl. Zool, 1120?
] § pe EEQLA Rt te 2 ¢

Marine Fisheries Research Institute ﬂI.C,AeR), Cochin for his 115 o
| | P. - | ’ ,:, - % 3 s i : . J
hwaté27238hz§€r§ggctlve,iyqles of twd Australian
Wa . : the spangled perch, Theérapon
2 ‘ \ , ) €rapon
tgsgn5?2§§§;1:EgizhEP§ast Queensiénd rainbowfish,
stocentris lendida Peters, J. Fish. Biol., 15 .:

%ind permission to present this lead paper. g am thankful to
Dr. K. Satyanarayana Rao, Principal Scientist, Madres Research
Centre of the Institute, Madraes for eritically going through
" R. 1981, The control of fish reprodugtion in

this paper.
aculture., World Con’. Aguacult. 80-85
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