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Abstract

The maturation process of the short mackerel, Rastrelliger brachysoma, was studied based
on the seasonal changes in GSI and histological observation of the gonads. Specimens were
collected from the sea off the east and west coasts of South Sulawesi, Indonesia, where the
onset of the rainy season differs, during the period from March 1996 to July 1997. The short
mackerel was a multiple spawner with asynchronous development of the oocytes; minimum
size of the fish at maturation was about 140 mm (fork length). Gonad developmental stages
were divided into 7 stages; i.e. immature, developing, fully-developed, gravid, running-ripe,
regressing, and resting stages. The individuals which reached maturation were considered
to repeat the process from the developing stages to the resting stages. However, spawning
fish or immediately post-spawning fish occurred throughout the year, and clear seasonal
changes were not observed either area.
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Introduction

The short mackerel, Rastrelliger brachysoma, is
widely distributed in the Indo-Pacific Ocean and is an
important commercial fish in Southeast Asial. The
genus Rastrelliger comprises three species, R.
kanagurta, R. bracysoma and R. faughni®, and the
distribution of R. kanagurta is wider than that of the

two other speciesl).

Research concerning the
spawning season is important in order to assess
fisheries resources. However, biological studies on
Rastrelliger spp., especially concerning age, growth
or the reproductive cycle, have been mainly limited
to R. kanagurta3'5). Several investigations on R.
bracysoma have been conducted in the gulf of
Thailand as reported by Menasveta.? According to
these studies, the fish spawns throughout the year
showing two peaks, and the first spawning occurs
when the fish is about 17.5 cm in total length and
about 1 year old. In Indonesia, although R. bracysoma
is an important resource for fisheries, biological
studies in this fish are still limited. Around Sulawesi
Island (Fig. 1), the onset of the rainy season varies
among the areas. The peak of the rainy season occurs
from April and July on the east coast of South
Sulawesi, but runs from December to January on the

west coast (Fig. 2). ¢ The objective of this study was
to examine the maturation process of this species in
relation to the area and season. We collected samples
from the east and west coasts of South Sulawesi
during the period from March 1996 to July 1997, and
compared the differences in the spawning seasons
between these two areas.

Materials and Methods

Individuals for this study were collected from the
east coast (Sinjai) and the west coast of South
Sulawesi (Maros and Pare-pare) between March 1996
and July 1997 (Table 1). A total of 1,387 individuals
which had been caught by seine net or drift gill net
with lighting were obtained from fish markets.
Fishing grounds were located of a distance of 2 to 5
km offshore in each location. Fork length was
measures and gonads were removed from a total of
523 females (204 females from the eastern coast and
319 females from the western coast) and fixed in
10% buffered formalin for histological examination.
Gonad somatic index (GSI) was calculated as
follows:GSI = (gonad weight) *100 / (body weight -
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Fig. 1. Study areas in South Sulawesi, Indonesia.
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Fig.2. Monthly changes in rainfall in Maros, Parepare and Sinjai, South Sulawesi during the periods from 1994 to 1996.

Table 1. Sampling date and number of the individuals of short mackerel, R. bracysoma, in South Sulawesi, Indonesia

Sampling Sampling Total no. of  Fork length  Total no. of  Totalno.of  Total no. of Number of
Date Station samples (range;mm) males females  individuals with  females
undetermined  sectioned
960411 Sinjai 51 132-194 15 19 17 19
960519 Sinjai 10 124-213 3 6 1 6
960723 Sinjai 50 135-178 13 30 7 30.
960824 Sinjai 30 116-170 21 9 0 6
960921 Sinjai 45 138-171 20 25 0 24
961022 Sinjai 54 117-153 20 28 6 9
961119 Sinjai 52 133-189 39 13 0 13
970302 Sinjai 50 143-178 17 30 3 30
970328 Sinjai 50 132-168 15 31 4 31
970428 Sinjai 1 144-144 1 0 0 0
970527 Sinjai 55 141-177 13 36 6 36
Sub total 448 177 227 44 204
960321 Maros 50 146-182 30 20 0 20
960425 Maros 50 130-175 14 34 2 34
960523 Maros 100 103-178 6 53 41 29
960627 Maros 50 134-152 29 20 1 20
960727 Maros 50 133-157 6 44 0 30
960826 Baruu 54 110-172 29 20 5 18
960930 Maros 49 106-134 i1 11 27 0
961102 Maros 59 126-170 48 1 0 11
961128 Maros 50 190-223 22 28 0 27
970129 Maros 50 138-168 21 28 1 28
970227 Parepare 50 130-164 11 37 2 37
970429 Maros 100 109-157 0 1 99 0
970505 Parepare 53 145-165 30 23 0 23
970531 Parepare 54 130-161 28 24 2 24
970627 Maros 57 142-165 39 18 0 18
970729 Maros 63 134-162 22 35 6 0
Sub total 939 346 407 186 - 319
Total 1387 523 634 230 523
gonad weight). Each ovary was examined according to several

A small piece of tissue, which was removed from the criteria ; 1) determination of oocyte stage: perinu-
central part of the gonads was embedded in paraffin, cleolus, cortical alveoli, partially yolked, advanced
sectioned at 8 um, and stained with Delafield's yolked, hydrated or ovulated oocytes,7) 2) exami-
haematoxylin and eosin. nation for the presence of postovulatory follicles and
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Fig.3. Photomicrographs of sections from the ovary of the short mackerel, Rastrelliger brachysoma. Bar indicates
0.5 mm. A. Immature stage of ovary, B. Ovary in fully-yolked stage; Y, fully-yolked oocyte. P, postovulatory
follicles, C. Ovary during gravid stage; H, hydrated oocyte. D. Ovary in regressing stage in atretic state 2; aY,

atretic yolked oocyte. E. Ovary in regressing stage in atretic state 3; aU, atretic unyolked oocyte. F. Ovary at
resting stage with cavity (Arrow).
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3) examination for the presence of atretic oocytes.

Atretic oocytes were further divided into two types;

atretic oocytes in which the original oocyte type

(alpha stage) 8 could be identified, and atretic

oocytes in which the original oocyte type (beta,

gamma, and delta stages) could not be identified.

To analyze the atretic conditions of the ovaries, we
defined four atretic states according to the
classification of Hunter et al.?, and Karlou-Riga and
Economidis 19,

Atretic state 0 -no alpha atresia of yolked oocytes
(yolked oocytes present).

Atretic state 1 - alpha atresia of yolked oocytes
where <50 % of yolked oocytes were
affected.

Atretic state 2 -alpha atresia of yolked oocytes where
>50 % of yolked oocytes were affected.

Atretic state 3 -no yolked oocytes present and beta
atresia observable.

After the examination of each section, fish were
classified into 7 gonad developmental stages as
follows:

1. Immature

Only unyolked oocytes (perinucleus and cortical
alveoli) present; no atresia (Fig. 3-A).

2. Developing (partially yolked)

Oocytes undergoing primary growth to those which

are partially yolked.
3. Fully developed

Oocytes undergoing primary growth to those in
Occasionally,
postovulatory follicles were present, and the atretic
state is 0 or 1 (Fig. 3-B).
4. Gravid

Oocytes undergoing primary growth to those

advanced yolked stages present.

which are hydrated; postovulatory follicles may be
present, and the atretic state is 0 or 1 (Fig. 3-C).
5. Running-ripe

Oocytes undergoing primary growth to those
which are ovulated present. Postovulatory follicles
are present.
6. Regressing

Oocytes undergoing primary growth were present;
more than half of the yolked oocytes were under-
going atresia (atretic state 2; Fig.3-D) or yolked
oocytes were not present and unyolked (cortical
alveoli) oocytes were regressing (atretic state 3; Fig.
3-E).
7. Resting

Only oocytes undergoing primary growth were
present. Those differ from immature fish by the
existence of a cavity in the gonad (Fig. 3-F). Fish

Table 2. Fork length, body weight, gonad weight, GSI, and occurrence of POF (postovulatry follicles) and atretic oocytes in each

maturity stage

Atretic state

Stage No. FL(mm) BW(g) GW(g) GSI POF
0 ] 2 3
Immature 131 148.73(12.43)") 57.69(18.00)  0.27(0.17)  0.45(0.21) 0 0 0 0 0
(1222100 (27.51-152.25)  (0.03-0.76)  (0.08-1.14) " o) (0) ) (0)
Partially 7 158.29(5.99)  72.66(7.45) 0.86(0.18)  1.19(0.15) 0 0 0 0 0
yolked (151-166)  (60.12-79.50)  (0.54-1.07) (0.91-1.36) (0) (0) (0 ) ©
Fully yolked 121  155.50(9.48) 65.21(14.15)  2.18(0.95)  3.43(1.14) 84 52 69 0 0
(139-189)  (43.69-121.27) (0.74-6.01)  (1.05-7.47) (69.4) (43.0) (57.0) (©) ©
Gravid 4 147.75(11.32)  53.13(9.57) 2.36(1.19)  4.82(2.50) 3 1 3 0 0
(135-160)  (39.40-60.43)  (1.30-4.05) (2.20-8.12) (75.0)  (25.0) (75.0) ) ©)
Running-ripe 1 156 67.45 1.38 2.09 1 1 0 0 0
(156) (67.45) (1.38) 2m) (100)  (100) ) © o)
Regressing 226  152.43(11.63) 62.29(16.78)  1.20(1.12)  2.11(2.17) 9 0 0 135 91
(129-223)  (33.16-182.57)  (0.06-6.31) (0.05-12.43) (4.0) ) 0  (59.7) (40.3)
Resting 33 181.97(28.62) 102.81(40.15)  0.43(0.23)  0.43(0.17) 0 0 0 0 0
(140-212)  (44.37-156.73)  (0.03-0.77)  (0.02-0.99) o)) () 0) © )

='slAverage (Standard deviation), *zRange; (max. - min.), Occurrence ratio in each stage.
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Fig. 4. Relationship between gonad weight and fork length in the short mackerel, Rastrelliger bracysoma on the
east coast (Sinjai) and west coast (Maros and Parepare) of South Sulawesi.

Gonad developmental stages

O immature Developing [ Fuly developed Bl Gravid
M Running-ripe Regressing (Atretic state 2) Ed  Resting

7] Regressing (Atretic state 3)

No. samples

E-Y
w

180
100 3 o

~
(924
H

Percentage
9]
o
!

N
O
1

[-.r-.-f-t-'d'-f-'-.'-.'-'.------.'-.-.-5;5.—."
S A Tty

wate,
A
I D R e T B

;

o
L

T T
190-199
180-189 200-

T
170-179
160-169

1 T
150-159
140-149

-139

Fork length (mm)

Fig. 5. Ratios of gonad developmental stages in each 10 mm size class.

which showed no evidence of past reproductive
activity were classified as immature.

Results

1) Relationship between gonad developmental stages
and gonad weight (GW), GSI and fork length
Average gonad weight and GSI increased during

the immature stages until the fully yolked stages and

decreased in the regressing stage (Table 2). The
average gonad weight of fully yolked and gravid
stages exceeded 2.18 g, and that of the gonads in the
running-ripe stage was 1.38 g. Gonad weight in these
two stages ranged from 0.74 to 6.01 and from 1.03 to
4.05, respectively. On the other hand, gonads in the
immature and resting stages showed low gonad
weights, averages weight were 0.27 and 0.43 g, the
highest individual among these two stages was 0.77
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Fig. 6. Monthly changes in gonadal somatic index (GSI) for short mackerel, Rastrelliger bracysoma on the east coast
(Sinjai) and west coast (Maros and Parepare) of South Sulawesi during the period from March, 1996 to July,
1997. *1 May 2, 1997, *2 November 2, 1996, *3 May 5, 1997.

g. The average gonad weight of fish in the partially
yolked stage was 1.19, and the weight ranges from
0.54 to 1.07. When the gonad weight exceeded 0.77
g, it was considered that the gonads had begun to
develop. The differences in GSI among each stage
were not more distinct than those in the gonad
weight. The range of GSI in each stage overlapped;
i.e., in the immature stage GSI ranged from 0.08 to
1.14, and in the fully yolked stage, from 1.05 to 7.47.
2) Relationship between fork length and GW

Most of the fish which had gonads with a weight of
more than 0.77 g (they were considered to have
started maturation) showed a fork length of more
than 140 mm (Fig. 4). The smallest fish in which the

gonad weight more than 1.0 g was 125 mm in fork
length from the east coast, but 140 mm was assumed
to be a boundary between sexually developing and
immature fish in both areas, except for a few
individuals.
3) Relationship between fork length and gonad

developmental stage

More than 63% of the fish less than 139 mm (fork
length) were immature, while more than 80% of the
individuals were classified as mature in each 10 mm
size class above 150 mm. The size classes of more
than 190 mm were observed in consisted of fish in
the immature, regressing and resting stages.
Observations of sectioned gonads also provided



JIRCAS J. No.8, 2000

Gonad developmental stages

Fully developed [ Gravid

0 immature Developing

M Running-ripe Regressing (Atretic state 2) E Resting
] Regressing (Atretic state 3)
East coast
19 4 296 24 9 11 36
100 n z o
7 7
7 %
754 U 7
® oy
& 7
GC) 50 /-'
e
@
a
25 ~
0 i I 1 ] 1 1 1 1 i i I
MAMJJASONDJE1MAMJJ
West coast
203129143014 11 27 27 32 23 23 18
100 1 7"' X T [ o
ZIR 7 N2
NG Al
75 1 NE S
() ) § f:-:'. §
2 NE N 7
= ] \\‘ 3, § ;
& 50 Q N N 7l
O N N N 7
5 N NED N
D N NE N N
NI | NE NN N
25 B N
N N [ N
N
0 T T T T T T T T T
1996 1997
MAMJJASQZNDJFM/:\:BMJJ
Month

Fig. 7. Monthly changes in occurrence of each gonad developmental stages for the short mackerel, Rastrelliger
bracysoma on the east coast (Sinjai) and west coast (Maros and Parepare) of South Sulawesi during the period
from March, 1996 to July, 1997. #*1 May 2, 1997, *2 November 2, 1996, *3 May 5, 1997.
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evidence that the first maturation occurred when the
fork length exceeded 140 mm in (Fig. 5).
4) Monthly changes in GSI

In order to examine the correlation between
seasonal changes and ovarian development, we
calculated GSI during each month among over 140
mm fish which had been considered to have started
maturation. Average GSI was highest in July 1996
(average = 3.63), and that in May (3.33), September
(2.78), August (2.73), and November (2.51) 1996
exceeded 2.0; in May 1997, GSI was low (1.05) on
the east coast. On the west coast, average GSI was
highest in February (5.33) 1997, and that in March
(3.84), April (3.37) 1996 and June (2.6) 1997, it also
exceeded 2.0. We could not define a distinct seasonal
GSI cycle in each area (Fig. 6).
5) Monthly changes in gonad developmental stages

Only one stage occupied more than 75% of the
individuals during a periods of 8 out of 10 months on
the east coast and 10 out of 13 months on the west
coast. Individuals in the fully developed stages (July,
August and November 1996 and February 1997 on
the east coast and March, April 1996 and June 1997
on the west coast) and regressing stages (Atretic
state 2 and 3, April and September 1996, and May
1997 on the east coast and May, July and October
1996 and February and April 1997) were predo-
minated during the months when the GSI was high.
In June and August 1996, the gonads of all the fish
were immature, and resting stage fish predominated
in November 1996 on the west coast (Fig. 7).

However, seasonal changes in gonad developmental
stages did not show clear seasonal cycles or patterns
in either area. Spawning fish or regressing stage fish
were collected almost throughout the year in these
two areas.
6) Postovulatory follicle and atretic states

Postovulatory follicles were observed in the gonads
in which staged as in the fully developed, gravid,
running-ripe and regressing stages. Fishes in the
fully yolked to running ripe stages had postovulatory
follicles in high ratios (more than 69.4 %), but only 4
% of regressing stage fish had such postovulatory
follicles.

Atretic state 1 was common among the spawning
fish, with 57.0% of fully yolked staged fish and 75.0 %

of gravid staged fish being classified into atretic state
1. The fish classified into atretic state 2 or 3 were in
the as regressing stage, and in the 59.7 % of the fish
in this stage had gonads in atretic state 2, and 40.3 %
of fish had gonad in atretic state 3.

Discussion

The ovarian cycle of this species was similar to

that of other scombroids fishes, including chub

mackerel, Scomber japonicusll); yellowfin tuna,

Thunnus albacares 12); bigeye tuna, Thunus obesus l3);

skipjack tuna, Katsuwonus pelamisl4); black skipjack,

Euthynnus lineatus'™; or other multiple spawning

fishes, such as the northern anchovy, Eugraulis

89. or the European horse mackerel,

10)

mordax
Trachurus trachurus The short mackerel is
considered to be multiple spawning type with
asynchronous-type oocytes and spawns several
times during a single spawning season. Only one fish
that classified running-ripe stage (fish that have
ovulated oocyte in the gonad) was observed, and this
means ovulated oocyte immediately spawn and
would not remain so long time in the gonad. In this
study, after completing a single spawning season,
oocytes which had been developing (yolked and
cortical alveoli oocytes) began to regress, and these
atretic oocytes were completely absorbed until the
resting stage. The fish classified as resting stage had
only perinucleolus stage oocytes in their gonad, and
these oocytes would redevelop in the next spawning
season. The minimum size spawning fish was 125
mm in this study, but most individuals started to
mature when the fork length exceeded 140 mm. This
size is smaller than that reported in previous

6) reported that the minimum

studies®. Menasveta
size of spawning fish was about 175 mm in total
length, which corresponded to a folk length of 150 to
155 mm in our data, and about 160 mm in fork length
in the report of Collete and Nauen D, The maturation
size in around the South Sulawesi appeared to be
smaller than in other areas as reported in other
studies.

After reaching maturation, this species repeats the
reproductive cycle in the gonads from the developing,

spawning, regressing and resting stages. We separated
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the resting stage from the immature stage based on
the presence a cavity in the gonads, because in the
latter phase of the regressing stage also had a cavity in
the gonad, and such gonads were not observed in
obviously immature and small fish. However, we did
not consider that all the post-spawning fish could be
distinguished from fish classified as immature,
because it was difficult to judge these two stages for
some individuals, and fish which were not distinctly
immature or resting were staged as immature. The
largest fish classified as immature group was 210 mm,
but such an individual may possibly undergo spawning.

In our study, however, no distinct spawning season
recognized. On the east coast, spawning fish
(developing to running-ripe stages) were collected
from May 1996 to February 1997, and fish in
regressing stage with atretic state 2 were caught
before and after this period. On the west coast,
spawning or atretic state 2 fish were collected
almost all the time except in June, August and
November 1996. Spawning fish were caught only
during a period of 6 months (from March to May on
the east coast, and in October 1996, and from May to
June 1997 on the west coast), but fish classified into
the atretic 2 state also occurred between these
periods. Fish staged as regressing stage in atretic
state 2 were considered to have just spawned,
because the duration of atretic state 2 is not
considered to be very long. In a laboratory study of
northern anchovy, the average duration of this stage
was only 9 daysg). Our results suggest that spawning
continues throughout this period around these areas
and the spawning of each individual is not
synchronized.

The gonad developmental stages in each month
consisted of one dominant stage with a small number
of other sequential stages. These results reflect the
uniformity of gonadal states among fish caught each
Since the gonad

month. changes in the

developmental stages did not show seasonal
patterns, several schools of fish in which the gonad
developmental stages differed may occure in these
areas, but the state of maturation appeared to be
similar in each school.

Some tropical species display sea sonal spawning

patterns, but most species are reef fishes!61®. The

spawning of these species is considered to be
affected by the food supply, moon phase and
rainfall’®. As an example of coastal pelagic fishes in
tropical areas, Engraulids and Spratelloidinae had
been studied because of the importance of tuna bait

20) However, these species also spawn

fishes
throughout the year, and even among the same
species, spawning peaks differed according to the
area. The short mackerel also showed similar
reproductive characteristics, and the prediction of its
spawning season may be difficult, as indicated by
Milluton and Bladerzo), because in such fishes did
not found out clear stumble of spawning. We
examined the seasonal changes in GSI and gonadal
development in the two areas for one and a half
years, but clear seasonal patterns were not observed.
Therefore, it is necessary to investigate seasonal
changes in the abundance of eggs, larvae and
juveniles in these areas. As Robertson reported that
the peaks of spawning and recruitment of some

17 research on early

neotropical fishes often differ
life history and recruitment also important for

fishery management.
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