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Ringkasan
Corak pembiakan dan kematangan gonad sejenis ikan akuarium, Betta pugnar telah

dikaj i .  Jenis ini menjadi matang apabila ukuran panjangnya 4 cm. dan 110 hingga 120
hari- umurnya. Ikan ini jenis maun, sebahagian beiar makanairnya terdir i  dari  serangga-
serangga di daratan. Di musim hujan makannya lebiir nyata. G.S.I. dan keadaan pem-
biakan ikan ini menunjukkan bahalva pembia-kan jenis ini ialah sepanjang masa tetapi
terlebih jelas di musim hujan. Musim pembiakan jenis ikan ini lebih dipengaruhi oleh
hujan daripada bekalan makanan.

lntroduction
This paper deals with the reproductive patterns and nraturation of the gonads of an aqua-

riunr fish, Betta pugnax (Cantor). Our knowledgc of the reproductive patterns of fishes in-
habiting the tropics (Nair 19-58. Sathl'anesan 1959 and 1962, l-ehri 1967) is scanty. Thus
these studies were undertaken in order to assess thc annual and ssrsonal reproductive pat-
terns in the field. The maturation of the gonads and food habits of this fish lvere also stu-
died to elucidate an,y relationship rvith the breeding crcle.

According to Bullough (1963) breeding of fishes is governed by two factors. These are
the internal gonadal rhythm whiclr is characteristic of the species. and the external enviro-
mental factor which detcrrnines thc precisc tinrc of spawning. In the tropics, factors
such as rain and food should be more critical than photoperiod or temperature as there
is little seasonal variation inr the latter. Whether food or rain or both factors act toge-
ther to trigger the time of breeding season is, however. the critical question.

The few published literature on the reproductive patterns of tropical species (Das 1927,
Soong 1948, Nair 1958) suggests that rain is one of the important factors which influ-
ences the breeding of many tropical fishes. Some investigators in the tropics suggest
that breeding is aseasonal in many fishes (Deraniyagala 1929, Tan 1968) and reptiles
(Berry and Lim 1967).

Materials and Methods
The specinrens used for the study of gonadal maturation were bred in the aquarium

while those for the reproductive pattern studies and. gut content analysis were obtain-
ed from a stream at 9 m/s Kuala Lumpur -- Damansara Road, Selangor. The gut
contents were examined with a binocular nticroscope and the results are given in table
I.

Sections of the gonads were prepared following Gurr's technriques (1956). The go-
nads were classified to stages according to James (1946). Breeding conditions of the fish
were determined by the following criteria: Thc gross enlargement of the gonals and
thats the germ cells consisted of mainly mature sperms (lig. 9) and stage IV oocytes (fig. a)

The gonadosomatic index (G.S.I .) of Betta pugnec was conrputed and expressed as a per-
centage ratio of the weight of the gonad to that of the body weight. The individual G.S.I.
of the gonads and the means for each period was computed. Because of the relatively low
numbers in each monthly sample, the specimens were grouped into bimonthly classes for
analysis of the reproductive patterns (table II and III).

" Part of a thesis accepted by the University of Malaya, Kuala Lumpur in partial
fulfilment of the requirements for the degree of Master of Science.
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TABI-FI I. Betta pugnax: Percentagc occurance of diet items in the gttt during
the different months of the vear.

Date l 0

Aug 24,66
Sep. i4,56
Oct.  19,66
Nov. 23,66
Dcc. 66
.Tan. 1,67
tseb. 1,67
Mar. 15,67
A n r  1 \  6 7

Flay 15,67
Jun. 26,67
.Iul. 25,67
Aug. 27.67

45.7 10.5
45.5 0.0
39.5 6.0
82.8  4 .1
33.0 2.0
43.0 14.6
30.5 4.0

- 5 1 . 0  6 . 5
76.6 0.0
51.7 0.0
43.9 0.0
3 1 . 3  0 . 0
48.3 5.2

5.1 l0. t)
1 . 5  1 . 5
4.5 6.0
4 . t  0 .0
9.4 6.9
4.7 0.0
3 .0  12 .0
0.0 8,7
2.7 5.5
0.0 7.8
0.0 9.6

10.4  0 .0
0 .0  10 .9

l 4
l 3
20
l l
36
l 8
l 8
i 1
l 6

a

t 2
8

1 3

7 r.6
84.5
90.0
91.0
72.0
67.0
6 1  . 5
72.7
87.5
62.5
s8.3
62.5
69.6

28.1
15.5
10.0
9.0

28.0
33.0
38.5
27.3
12.5
-{ / . )
41.7
37.5
30.4

5.2
12.0
10.5
0.0
6.9
0.0
3 .0
0.0
0.0
0.0
0.0

10.4
0.0

0.0
12.0
r 3 . 0
0.0
6.9
A 1

6.0
6 .5
0.0
0.0
4.8
0 .0
0.0

5 . 1
12.0
10.5
0.0
6.9
0.0
3 .0
0.0
2 .1
0.0
0.0

10.4
5 .2

Resul ts
Maturation of the Ovary
Stage I Ovary

Specimens measurilg 1.5 - 2.4 cm in standard length and 30 -_ 45 days old already

possessed stage I ovary. In cross-sections, the o.zarv is a sac-like structure with a central

cavity surroundecl by ovarian wall. The ovarian wall is composed of several lamellae, each

separated by an ovacoel (fig. 1) The mature oocyte (stage I oocyte) measures 75 - 75

microns in diameter.

Stage II and III Ovarv
Specimenrs measuring 2.5 - 4.0 cnr. irr standard length and -50 - 105 dai's old possess

stages II and III ovaries. Stage II ovary has a recluced ovarian cavit)' dtte to the enlarge-

meirt of t lre ova (figs. 2 and 3). Stage Il cocytes nreasurc 160 - - 280 micron in diameter
(fig, 2) and their c-v-toplasrn arc vactiolated. Thc vacuolcs arc probabli '  the original l ipoid

vesicles as in Eucclia -sp. (Braekevelt and McMillan 1967\ which were dissolved cluring

histological preparation.
Stage ItrI ovai'} 'bearins stagc III ooc,v-tes (l ig.3t urcasurc -120 ,tr]() nticrons irt diatneter.

This stage is characterised b1, the init iation of yolk deposition. Thc cvtoplasnr beconres
more vacnoiated (fig. 3).

Stage IV Ovary
Stage IV ovarv .,vith stage IV oocytes occur in fish measurine about ,1.5 cm. in staudard

lengtir and 4 months old. T[-lese are mature ovary. The oocytes arc rounded and translucent
in appeari:nce and neasure 610-900 microirs in diameter (f ig. -1). Though stagc IV
oocytes are thc dominant oocvtes in a maturc ovarv. thcrc arc also ncsts of inrmaturc
oocytcs at difierent clevclopmental stages.

Stage V Ovary
Tirese are the spent ovary. In lJetta pugnilx,, there are no lrul) ' spcnt ovarv -.ince' in a

newly spawned fish, the oocytes are alreadv in stage III (f ig. 5).
Maturat iou o l  thc Tcst is .

Stage I Testis
Stage I testis occurs in fish measuring 1.2- 2.4 cm. in standard iength and 30-45 da""-s

old. It appears as small, paireC, slender and thread-likc at first and ribbon-like latcr
(fig. 6). The lobules of immature testis contain many spermatogonial cells arranged in
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separate cysts. The nucleus of the spermatogoninm measures 6.6 - 8.3 microns in diame-

t"i 1fig. Zy. Besicles the speunatogonia, there are also primary germ cells which occur

singly, in twos or threes (fig. 7).

Stage lI Testis
Stage tI testis occurs in fish measuring 2.5 -- 4.0 cru. in standard length and 50 - 105

Oays olO. The oldest germ cells in this stage are the spermatids. The disposition of the

uoiious clsts in the lobules are at random (fig. 7). The nucleus (4.9 - 5.5 microns) of

the spermatocytes in crescentic whilc the sperntatiCs have round nuclei (3.3 rnicrons).

Stage III Testis
Slage III testis in Bettu pugna.r corrcsponds to stages C and D of James (1916)' Spe'

cimens over 4 cm. in standarcl length are already in the mature stagc. The testis ap-

pears swollen and the lobules are filletl with spermatozoa (fig. 9). In eaily stage III

iestis, there is a considerable reduction in the number of cysts of actively dividing gernt

cells and an increase in the spermatozoon nlasses (fig. 8). The mature sperm has a round

head (2.2 - 2.5 microns) and a long tail (12'5 microns)'

Feeding
Thei is a high perceniage Q3.47"\ of fish with food items in the guts throughout the

lear (table t anJ ng. il1. Ants form thc bulk of the diet while tertnites, chironornid larvao

and others are minor coustituents. Though algae are part of the diet, they niglrt have

been ingested accidentlY'
Although food items and rainfall are abundant throughout the ycar, there are periods

whc.e nrore fish possess foo<l in the gut (fig. Il). The absence of food in the guts of some

male fish nray be due to the incubaticn of eggs by these males as they do not feecl cltlr-

ing incubation period (Aug 1971).

Reproduct ion
In the Damansara Road streant, two incubating ntales were found in July, three in Au'

gust and September. and young larvae were present throughout the sampling period.

The n"ntb", of fish examined for reproductive study is given in table II. Their gonads

dicl not show any markerl change in gross appearance, weight or gonadal activity.

The G.S.I. is 0.39 - 0.18 for the testis ancl 2.60 - 0.87 for the ovary (table III). There

is a positive correlation (r : 0.392 for testis anci r : 0.565 for ovary) betwecn the G'S'I'

of the gonacls and the percentage of fish with food in their guts (table III and fig. l2).

The correlation between the C.S.t. of the gonads and rainfall is positivc and signilicant

(P < 0.0s).
Histological examination of the gonads ind'icates that varying proportion of Jish are in

breeding conclitiol at different times of the 5ear (table IV). Howevsr, more fish are iu

breeding condition at two peliods in the I'ear, October -_ November and February - May'

The correlation of the G.S.f. of the gonads ancl breedirrg condition of the fish is highiy sig-

nificant, fig. 13).

TABLE IV. Betttt pugnux'. Pei-ccniagc of adult f ish in breedin,s condition as

determineC by- the histologicel studies of the gonads.

Bimonthly periods No. of fish Males Females

Aug. -- Sept.
Oct. -- Nov.
Dec. - Jan.
Feb. - Mar.
Apr. -- May.
Jun. - Jul.

zt)

26
_1 I

16
t (

l :

31.25
58.33
42.10
75.00
77.78
40.00

40.00
64.28
22.22
62.50
50.00
28.57
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Discussion
Betta pugnax becomes sexually mature at about 4 cm. in standard length and in about

ll0 -_ 120 days. The rapid attainment of sexual maturity in this species supports Nikol-
sky's (1963) view that small species especaliy in the tropics become mature early.

This species is an omnivore, as noted by Alfred (t958), feeding largely on surface insects
(table I). More fish tend to be feeding on this diet during rainy seasons (fig. II), presum-
ably because more food items are washed into the stream by the rains, in the months of
October - November and March - April.

Betta pugnax is a fractional spawner (Aug l97l). Fractional spawning and prolonged
spawning periods are characteristic of many tropical species (Nikolsky 1963). This spawn-
ing pattern is related to the absence of marked seasonal variation in the abundance of food
supply or in other ecological factors, in the tropics. This is confirmed by the histological
studies of the gonads (fig. 5 and 10) which show the presence of various stages of game-
togenresis at any one time. Spent ovary or the resting stage testis are completely lacking.
Also, incubating males and newly hatched larvae occur throushout the vear. Although this
fish breeds throughout the year, there are periods when breed'ing is more pronounced: Oc-
tober -_ November and February - May. These are indicated by the G.S.I. of the gonads
(fig. 13) and their breeding condition (table IV). The narrow range of the G.S.I. is related
to the occurrence of gonads at various stages of development throughout the year, to part of
te population always being in breeding condition (table IV). This is in contrast to the wide
range found among temperate species (James 1946, Ahsan 1966).

Environmental factors such as rain (Das 1927, Soong 1948, Nair 1958), temperature (Ma-
thews 1938, Bullough 1939), food (Marshall and l.{ook 1960) and light (I"{arrington 1959, Hen-
derson 1963) have been attributed to control breedine in vertebrates including fishes. Fronr
the data of the present study, one lnay conclude that food and rain are inrportant variables in
regulating breeding in B,etta pugtl&v. Whether light and temperature play any role in trigger-
ing reproduction in fishes in the tropics can only be sprculative at the present level of know-
ledge in this field. Perhaps the quality and intensity of these two factors may be important in
triggering reproduction in fishes in the tropics.

FooC is an important factor in the breeding of. Betta pugnax (table III, fig. l3), rnainly
because of its relationship to rainfall (fig. II). There is conflicting report regarding the im-
portance of food in the breeding of vertebrates (Baker 1938, Marshall 1947, Church 1960
and Berry 1964). Evidently more detail lnvestigations in this field should be undertaken.

Rainfall seems to be vital in the breeding of Betta pugna-r, not only to its relationship to
food abundance but mainly because of its relationship to the condition of the gonads (table
IV, fig. l3). The precise role of rainfall is uncertain: namely whether the physical effect of
rain itself, the physiological and psychological effects of flooding caused by rain, the abund-
ance of food due to rain (Baker 1938), the increased turbidity due to rain (Nair 1958),
the change in water temperature due to rain (Nair 1958), or a combination of these, is the
critical factor. From the data of the present study one may conclude that rain plays a
vital role in the breeding of Betta pugnqx and possibly other tropical species. The aseasonql
or acyclic breeding pattern in this speties may be explained on the basis of the climate
where this species occurs. There is no truly dry season around Kuala Lumpur, since
rain falls every month of the year. In the tropics where there is a distinct wet and dry
season, it has been reported that some species breed during the wet season (Nair 1958).
However, the precise role played by rain and food in triggering reproduction in fishes are
still open for further investigation
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Fig. I
Betta pugnar: L.S. of immature ovary from a 1.6 cm. fish showing the lamellae, ovocoel

(OvC) and stage I oocytes (oCY 1). (25X). Haematoxylin-eosin.
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L.S. of late stage rr orr"$igiro3r a 2.5 cm. fish shorving stages I, II
III cocytes (l0X). Haematoxylin-eosin.
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pugnax: L.S. of stage III ovary lrom a 3.4 cm. fish shorving stages I-III ooc-vles

(10X). Haematoxy-l in-eosin.

\J ,
i'\ d{,tr

Si
itu:,

il
#

Betita pugnax; L.S. of stage lV
oocytes, and felv stages I

Fie. 4
ovary from a 4.5 cm.
and l l l  oocytes ( l0X).

(r0

fish showing many stage IV
Haematoxylin-eosin.



Fig. 5
Betta pugn&r r L.S. of ovary shox'ing empty follicles, primary- (rocytes, and maturing

oocytes. ( l0X). Haematoxl4in-eosin.

ltli,

Betta pugna:r; L.S. of
Fig. 6

slage I tesl is

6 l

-S

( l 5 X ) . Haematoxylin-eosin.
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Betta pugnax: L.S. of the
spermatocytes (SPC,

,ft6b

Fig. 7
testis shorving the primary germ
and spermatids ISPD). (100X).

cel ls (Pgc), spematogonia.
Flaematoxyl in-eosin.

Fis I
Betta pugnar.:__ L.S. of the testis sho*ing a-lobule enclosing

dividing germ cells and sperm masses. (160X).
a number of cysts of activell

Haematoxylin-eosin.



Fig. 9
Bet ta  Pugnux:  L .S .  o l ' tes t i s  shor r ing  maru fc  spemta l ( )zoa in  the  lobLr les .  (160X)

I:[aematoxl '1in-eosin.

Fig. 10
Be.tta pugna.ti: L.S. of testis shosing ernpty lobules touards the median region, and the
primary and secondary 

Tiffi*1:.tift;*m""r.:*X, 
and spermatids towards the preiphery.
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Summary
Th-e reproductive pattern and maturation of the gonads of Belto pugntr,t \\ere

investigated. This species matures at 4 cm. standard length and 110 - 120 days old.
It is an omnivore, feeding largely on terrestrial insects. Feeding is more pronbuncrd
during rainy seasons. The G.S.I. and breeding condition of the fish-indicate thai B. pugnax
breeds throughout the year, but more predominantly during rainy seasons. Siasbnat
predominance of breeding seems to be influenced mori by rainfall than food supply.
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