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Abstract. Golden-lined spinefoot (Siganus lineatus), pink ear emperor (Lethrinus lentjan) and
redbelly yellowtail fusilier (Caesio cuning) are three dominant species of reef fish were caught in
Kei Islands, Southeast Maluku. The increasing number of fishermen catching reef fish in these
waters, will threaten the resources if no management measures based on the biological aspects.
The objective of this study was to analyze the sex ratio, length at first maturity, and spawning
season period of these species based on the reproduction biology aspects. Sampling was carried
out in 13 fish landing locations in the Kei Islands, Southeast Maluku from January to December
2016. A total of 744 fish samples were measured for the standard length, body weight, gonad
maturity stage, and gonad weight. Sex ratio (male: female) of S. lineatus, L. lentjan and C. cuning
are 1:1.08, 1:4.02 and 1:1.81, respectively in favour of females. Length at first maturity of these
species were 32.3 cm, 25.1 cm and 22.3 cm for males, respectively and 21.9 cm, 25.3 cm and 21.6
cm for females, respectively. Spawning season prediction was analyzed by the distribution of
monthly gonad maturity stage. The peak of spawning season for these fish species are predicted to
occur from January to April and September to December.

1. Introduction
Uncontrolled fishing that takes continuously will cause a change in population structure, a decrease in
stock and extinction. In the condition of fisheries resources that are still not exploited, the composition
of the population provides proportionally large and old-age resources. As a result of fishing, the
resources are declined and the population will be dominated by small and young-aged resources [1].

Golden-lined spinefoot (Siganus lineatus Valenciennes, 1835), pink ear emperor (Lethrinus lentjan
Lacepede, 1802), and fusilier redbelly yellowtail (Caesio cuning Bloch, 1791) are three species of reef
fish that are targeted by small-scale fishermen in Kei Islands, Southeast Maluku, Indonesia. These fish
are caught mostly with gill nets and handlines. The local fisheries management authority does not yet
have regulations related to the biological references points for the capture of these three species. On the
other hand, the fishing trends tend to change the size and structure of the age of resources in a population,
the body size and life span of the fish will decrease. This change will affect the other case of fish life.
Egg production in a population will decrease because the size of the broodstock and fertility decreases.
Other influences from overfishing are changes in the characteristics of fish life such as age, gonad
maturity size, growth rate, and genetic-based reproductive [2].

Several studies on Siganidae have been conducted to determine morphometric and meristic
characteristics, reproductive biology, growth and mortality, and food and feeding habits [3, 4, 5, 6, 7, 8,
9, 10]. While, studies on Lethrinidae include discussing biology, stock assessment, reproductive
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biology, gonad maturity histology, age, growth and mortality parameters have been reported by several
researchers [11, 12, 13, 14, 15, 16, 17]. In addition, research on Caesionidae include discussing growth,
length distribution, gonad maturity, length-weight relationship, catch composition, fishing gear, and
reproductive biology [18, 19, 20, 21, 22]. The study of aspects of reproductive biology is needed as a
basis for the sustainable fish resources management. The reproductive biology aspects need to be studied
are the peak of spawning season and the exploitation status based on the maturity distribution and length
at first maturity. Therefore, the objective of the present study was to analyze the sex ratio, length at first
maturity, and spawning season of S. lineatus, L. lentjan and C. cuning from Kei Islands, Southeast
Maluku, Indonesia.

2. Materials and Methods

2.1. Site and Time
Sampling was carried out in 13 fish landing sites in Kei Islands, Southeast Maluku Regency from
January-December 2016 (Figure 1).

2.2. Sampling and Measurement Procedures

Sampling of S. lineatus, L. lentjan and C. cuning biology was based on randomly sampled sampling,
with each number of fish samples as many as 189, 256 and 312 fish, respectively. The fish samples were
captured using gill nets with mesh size of 2 to 2.5 inch and handlines with hook size of number 9 to 12.
The standard length of each individual fish was measured using a ruler with an accuracy of 1 mm and
the body weight and gonad weight measured using a digital balance (Ozone Digital Kitchen Scale OX-
315) with accuracy of 1 gram.
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Figure 1. Research sites in Kei Islands, Southeast Maluku, Indonesia.
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2.3. Data Analyses

The sex and level of gonad maturity were identified based on the gonad morphology [23]. Sex was
determined to analyse the sex ratio and tested for significant divergence from the expected 1:1 ratio by
using a Chi-square (X?) goodness of fit test [24]. The gonad maturity classification was made where
stages Ill and IV were considered to be mature for males and females respectively. For both males and
females, the size at first maturity was determined by calculating the proportion of mature individuals in
each size class (standard length). The size at which 50% of individuals were mature was taken as the
size at which fish reach maturity for the first time [25].

The monthly gonad index (GI) was calculated with the equation [26]:

Gl =@x 100 %
W 0

where:
Wg : gonad weight (g)
w : total weight (g)

3. Results and Discussions

3.1. Sex Ratio

A total of 189 specimens of S. lineatus was sexed, of which 91 were male and 98 were female, giving a
sex ratio of 1:1.08 in favour of females. A chi-square goodness of fit test was performed and the results
showed that the ratio was not significantly different from a 1:1 ratio (X? = 0.259, 0.25< p <0.001). This
ratio is close to S. canaliculatus study in Arabian Gulf and Qatar coastal waters with a ratio of 1: 1.13
and 1: 1.09 [6, 9]. Research with the same species with different periods in the Arabian Gulf shows a
ratio of 1.1: 1 [8].

L. lentjan had a total of 256 specimens that was sexed, of which 51 were male and 205 were female,
giving a sex ratio of 1:4.02 in favour of females. A chi-square goodness of fit test was performed and
the results showed that the ratio was significantly different from a 1:1 ratio (X2 = 92.641, 0.01< p
<0.025). This ratio is very different from the ratio in other waters with the same species of 1: 1.11 [17].
The ratio of L. harak in Kenyan coastal waters of 1:1.10 is also very different from the results of this
study [13].

Table 1. Chi-square values for sex ratio of each species.

, Numbers Significance
Species M F F : M Ratio X2 gIevel
Siganus lineatus 91 98 1:1.08 0.259 -
Lethrinus lentjan 51 205 1:4.02 92.641 **
Caesio cuning 111 201 1:1.81 25.962 *

- = not significant; * p = 0.025-0.05; ** p = 0.01-0.025

C. cuning had a total of 312 specimens that was sexed, of which 111 were male and 201 were female,
giving a sex ratio of 1:1.81 in favour of females. A chi-square goodness of fit test was performed and
the results showed that the ratio was significantly different from a 1:1 ratio (X? = 92.641, 0.025< p
<0.05). This ratio close to the ratio of the same species in Seribu Islands by 1: 1.19 [20].

3.2. Length at first maturity

S. lineatus males attained first sexual maturity at 32.3 cm SL, and females became first sexually mature
at 21.9 cm SL, with their percentage increasing thereafter (Fig. 2a). The percentage of mature females
at 25 cm is greater than that of males, implying that females attained sexual maturity while slightly
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smaller than males. Studies on S. canaliculatus show the first sexual maturity at 18 cm for males and 19
cm for females in Arabian Gulf and 17.7 cm for males and 17.2 cm for females in Qatar coastal waters
[6, 9]. In L. lentjan, males attained first sexual maturity at 25.1 cm SL and females at 25.3 cm SL (Fig.
2b). The percentage of mature females at 25 cm is greater than that of males. Studies on the same species
show the first sexual maturity at 28.4 cm in Tuwwal coastal waters and 33 cm in Red Sea [16, 15].
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Figure 2. Percentage of sexually mature for each species: (a) Siganus lineatus, (b) Lethrinus lentjan, (c)
Caesio cuning. Size at first maturity is the length at which 50% of all individuals are sexually mature.

C. cuning males attained first sexual maturity at 22.3 cm SL, and females became first sexually
mature at 21.6 cm SL, with their percentage increasing thereafter (Fig. 2c). The percentage of mature
females at 25 cm is greater than that of males, implying that females attained sexual maturity while
slightly smaller than males. Study on the same species shows the first sexual maturity at 22.92 cm in
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Seribu Islands, but study on C. erythrogaster shows the first sexual maturity at 27.8 cm in Banggai
Kepulauan coastal waters [19, 22].

3.3. Gonad-Index
Gonad-index of S. lineatus (Fig. 3a and 3b), L. lentjan (Fig. 3c and 3d), and C. cuning (Fig. 3e and 3f)
for females and males, respectively showed the variation montly, for example the Gl increased in
January to April, then decreased in the following months. Gl increase in September to December again.
These two periods are predicted as the spawning season of these species, where fish are ready to spawn.
The spawning season of S. canaliculatus in Arabian Gulf is predicted on April to June, has the same
result in Qatar coastal waters [6, 9]. In the other studies of L. lentjan, the spawning season are predicted
on April and May in Tuwwal coastal waters [16]. The spawning season of C. cuning in Seribu Islands
is predicted on November to December [20].
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Figure 3. Monthly gonad-index (GI) percentage for each species: (a) Siganus lineatus females, (b)
Siganus lineatus males, (¢) Lethrinus lentjan females, (d) Lethrinus lentjan males, () Caesio cuning
females, and (f) Caesio cuning males.
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