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Introduction

Snappers, belonging to the family Lutjanidae in the order 
Perciformes, have a crucial impact on tropical and sub-
tropical ecosystems, serving crucial functions in both com-
mercial and ecological aspects (Allen 1985; Messias et al. 
2019). The genus Lutjanus has the majority of species in the 
Lutjanidae family (Allen 1985), and these species are highly 
valued and caught in fisheries around the world including 
Malaysia (Adibah and Darlina 2014). Snappers are a sig-
nificant part of the local artisanal catch in their geographical 
spectrum (Allen 1985), with at least 26 species known from 
Malaysian waters (Froese and Pauly 2023). The five-lined 
snapper, Lutjanus quinquelineatus, is a small lutjanid fish 
found extensively in tropical and subtropical areas of the 
Indian Ocean and the western Pacific Ocean (Allen 1985). 
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Abstract
The reproductive biology of fishes is crucial for providing reliable and scientifically sound recommendations for man-
aging, monitoring, and evaluating fisheries regionally. This study aims to determine the reproductive characteristics of 
Lutjanus quinquelineatus(Bloch, 1790) in the Terengganu, southern South China Sea, Malaysia. A total of 527 specimens 
(255 males and 272 females) were collected using trawl net from April 2022 to March 2023. These specimens were mea-
sured, with total length ranging between 14.3 cm and 26.7 cm (mean ± SD: 19.1 ± 1.9 cm), and body weight ranging from 
38.6 g to 316.8 g (mean ± SD: 119.1 ± 37.8 g). Sex ratio, gonadosomatic index (GSI), hepatosomatic index (HSI), spawn-
ing period, fecundity, condition factor (Kn), length at maturity (Lm) and the gonadal maturation stages were assessed in 
this study. No significant difference (χ2 = 0.54) was observed in the overall monthly sex ratio of male and female (1:1.07). 
The spawning season is determined by the GSI and gonad maturation stages, extending from February to June with peak 
periods in March. The evaluation of the relationship between the Kn and the HSI revealed that body energy and lipid 
storage in the liver may not be crucial factors for gonad development. The batch fecundity of 34 mature females ranged 
from 17.6 to 25.2 cm in length, with body weight ranging from 79.4 to 279.3 g, yielding 19,314 to 98,880 oocytes. The 
fecundity increased with gonad weight in contrast to the length and weight of fish. The lengths at maturity for males and 
females were 20.8 cm and 20.1 cm, respectively. This study offers indispensable information that will update the existing 
database and contribute to developing effective fishery management strategies in the specified area.
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This species is consumed as a food source in tropical and 
subtropical regions. Despite its commercial and economic 
significance data regarding its biological aspects have been 
poorly documented in several regions (Mehanna et al. 2017; 
Araki and Tachihara 2021). The fundamental knowledge of 
life history, which includes spawning timing and duration, 
sex ratio, maturity stages, length maturity and fecundity, is 
essential for managing stocks and assessment of fisheries 
(Tsikliras et al. 2013; Sultana et al. 2023). Reproductive bio-
mass is a crucial indicator for evaluating the condition of 
a harvested population and determining future fishing lim-
its (Lucano-Ramirez et al. 2014); for instance, knowledge 
of the spawning biomass is necessary to estimate recruit-
ment and length at maturity, which is crucial to deciding 
which size fish are captured for sustainable fisheries.Fish 
reproduction is sensitive to temperature variations. Rising 
temperatures and unusual ‘heat waves’ linked to climate 
change can affect reproductive performance in fish (Lema 
et al. 2024). Housh et al. (2024) reported that exposure 
to temperature exceeding a certain threshold negatively 
impacts fish gametic development and maturation, reducing 
spawning frequency and reproductive behavior. Numerous 
researchers have examined all of these variables, including 
sex ratio, spawning season, length at maturity, and fecundity 
to understand fish reproductive biology. For instance, Rah-
man et al. (2024) studied Lutjanus xanthopinnis, Fernandes 
et al. (2022) studied Lutjanus synagris, and Palla and Sotto 
(2021) explored Lutjanus vitta.

Despite the significance of the reproductive biology of 
fish in some nations, the lack or unavailability of fisheries 
data results in overfishing of the stocks and, in some cases, 
management failure (Alves and Minte-Vera 2012). A thor-
ough understanding of the various reproductive features of 
fish species is crucial to offering reliable scientific advice 
for efficient fishery management in particular regions (Hos-
sain et al. 2017; Khatun et al. 2019; Islam et al. 2021). 
Studying the reproductive behavior of snappers aids in 
their management and conservation (Lucano-Ramirez et al. 
2013). Currently, there is a lack of information in the lit-
erature regarding the reproductive biology of studied fishes 
in Malaysia and the South China Sea and its reproductive 
biology has never been studied in the area of our study, 
which hampers the effective management of these popula-
tions. Therefore, the main objective of the present study is 
to investigate the reproductive traits of L. quinquelineatus 
in the Terengganu waters of the South China Sea, Malaysia. 
This study’s results will enrich the current database for this 
species and offer helpful scientific direction for future fish-
eries management planners.

Materials and Methods

Study Site and Sample Collection

Samples were collected monthly basis from April 2022 
to March 2023 from Pulau Kambing fish landing port 
(5°19’20.3"N 103°07’42.6"E) landed by fishermen, Tereng-
ganu waters of South China Sea, Malaysia (Fig. 1). A total 
of 527 specimens (255 males and 272 females) collected 
using trawl net with mesh size 38 mm and depth 20–80 m. 
The samples were stored in ice and transported to the Fish-
eries Science Laboratory, Universiti Malaysia Terengganu 
(UMT), for further examination and confirmation utilizing 
other systematic morphological characteristics specified by 
Allen (1985).

Morphometrics, Determination of Sex and Sex Ratio

Each specimen was measured for the total length (TL) 
nearest to 0.1 cm by using L-shaped board and electronic 
balance was used to record body weight (BW) nearest to 
0.1 g (Fadzli et al. 2022). All specimens were dissected, and 
sex was determined for each individual. For each sample, 
the gonad was removed and its weight was measured to 
the nearest 0.0001 g using an electronic balance (ATX224 
SHIMADZU). In the present study, the sex ratio was calcu-
lated by the proportion of both the sexes (male and female). 
The total number of both the sexes was used to calculate 
the monthly variations in sex ratio (Fakoya and Anetekha 
2019).

Gonadal Histology and Identification of Maturity 
Stages

Fish gonad tissue that has been dissected was put in a histol-
ogy cassette, and fixed in 10% Neutral Buffered Formalin. 
After 24 h, a small portion from the middle part of the fixed 
gonads was transferred to 70% ethanol and then dehydrated 
with a series of ethanol dilutions (Vacuum automatic tissue 
processor Leica TP1020) (Rahman et al. 2024). The gonads 
were embedded in paraffin using a Leica HistoCore Arca-
dia H, and sections were cut at a thickness of 5 μm using a 
Galileo SEMI Series 2 rotary microtome. Then, it was coun-
terstained with hematoxylin-eosin and mounted on a glass 
slide using a cover slip. Lastly, photographs from histologi-
cal slides were taken using a compound advanced research 
microscope (Nikon Eclipse 80i) (Rahman et al. 2024). For 
each individual, stages of gonad development were iden-
tified. Five gonadal maturity stages of L. quinquelineatus 
were identified based on macroscopic and histological 
examination of gonads described by Russell et al. (2003), 
Grandcourt et al. (2006), Brown-Peterson et al. (2011) and 
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Fakoya and Anetekha (2019); Stage I-immature, Stage II-
developing/regenerating, Stage III-spawning capable, Stage 
IV-actively spawning and Stage V-regressing.

Gonadosomatic Index, Hepatosomatic Index and 
Relative Condition Factor

Gonadosomatic index (GSI) is assessed monthly for both 
sexes (males and females) to understand the spawning sea-
son. The mean GSI for each month was calculated using 
the following formula:GSI ={WG × (WB – WG)–1} × 100 
WG is gonad weight and WB body weight, both in grams 
(Pacicco et al. 2023). A line graph was used to display the 
monthly mean GSI. The increasing peak of the GSI depicts 
the spawning season for this species. The monthly pattern 
of hepatosomatic index (HSI) were estimated by using the 
following equation revealed by Costa (2019) and Fadzli et 
al. (2022);HSI =(WL × WB

–1) × 100 Where, WL is liver 
weight and WB is fish body weight in grams. Relative condi-
tion factor (Kn) for each specimen was estimated using the 
formula developed by Le Cren (1951), which is stated as fol-
lows;Kn =(WO × WC

–1) where WO = observed weight (g) 

of studied fish and WC is the calculated fish weight resulting 
from length weight relationships (Rahman et al. 2023).

Length at Maturity

The length at which 50% of the population is sexually 
mature is known as the length at maturity (Lm). This was 
calculated based on the percentage of matured individuals 
(Stage III and IV) suggested by Palla and Sotto (2021) of 
2-cm size class. A line drawn against the midpoint (TL) for 
matured males (N = 109) and females (N = 115) has been 
carried out based on (King 2007) utilizing the logistic equa-
tion as follows:

ln[(1 − RM ) × RM ] = rLm − rL

Where, RM is the mature individuals’ rate, rLm is the inter-
cept a, ̵ r is the slope of line, r is ̵ b, L is the total length of 
fish. For the calculation of r and Lm, values of ln [(1 ̵ P)/P] 
plotting opposed to the midpoint of each size class as: and 
Lm = a/r.

Fig. 1  A map showing the study area (Rahman et al. 2023)
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this species revealed that the ratios were evenly distributed. 
An overall sex ratio of 1: 1.07 (M: F) was found among 
the 527 fish examined, with 255 (48.39%) males and 272 
(51.61%) females (Table 1). However, the statistical study 
indicated that there was no significant difference in the over-
all population’s sex ratio (χ2 = 0.54; P = 0.46) from expected 
(1:1) ratio.

Gonad Development and Identification of Maturity 
Stages

Five stages of gonad maturation were identified in L. quin-
quelineatus (Figs. 2 and 3), which include immature (stage 
I), developing/regenerating (stage II), spawning capable 
(stage III), actively spawning (stage IV) and regressing 
(stage V). In males with sectioned gonads, spawning occurs 
when spermatozoa are dominant and in the lobules of the 
sperm duct when spermatozoa are still present. In the ova-
ries, tertiary vitellogenic and hydrated oocytes signified 
approaching and continuing spawning, respectively. The 
macroscopic and histological investigation of the gonad 
revealed the monthly proportions of males and females in 
various gonadal stages of gonad development at Terengganu 
waters, Malaysia (Fig.  4). In addition, the reproductively 
active stages of gonads (spawning capable and actively 
spawning) for both sexes were observed in February to June 
(Fig. 4). This finding suggests that the studied fish species 
has an extended spawning season from February to June.

Gonadosomatic Index, Hepatosomatic Index, and 
Condition Factors

The mean GSI values for male and female individuals var-
ied from 0.21 to 1.79 and 0.49 to 2.97, respectively. How-
ever, the monthly GSI trend for both sexes was consistent 
from February to June (males ranged: 0.98–1.79; females 
ranged: 1.23–2.97) with peaks in March (Fig. 5A and B), 

Batch Fecundity

Batch fecundity (BF) is the number of eggs released by each 
fish during a single spawning phase (Gonçalves et al. 2009). 
The oocytes from (stages III and IV) were used to deter-
mine the batch fecundity (BF) of mature females. The ovary 
was divided into three sub-samples obtained from the ante-
rior, middle, and posterior and weighed to the nearest 0.1 g. 
Oocytes (N = 34) were separated from connective tissue 
and calculated using a dissecting microscope (OLYMPUS 
SZ51). Then, BF is estimated by the following (Fry et al. 
2009): BF = (NES × WG) × WGS

–1 where NES is the egg count 
in a subsample, WG is the weight of the (whole) gonad, and 
WGS is the weight of the subsample gonad.

Statistical Analysis

The data underwent analysis using Excel 2010 and PAST 
4.09 (Hammer et al. 2001). Chi Square (χ2) analysis was 
used to assess the sex ratio for any variations beyond the 
expected 1:1. Straight-line analysis was used to determine 
length at maturity of males and females. The correlations 
between BF and the total length, body weight, and gonad 
weight were derived using regression analysis. The analysis 
also took into consideration a significance level of p < 0.05.

Results

Morphometric Measurement and Sex Ratio

The total length for males varied from 14.3 to 26.7  cm 
(mean ± SD: 19.3 ± 2.3 cm) and females ranged from 14.9 
to 25.2 cm (19.1 ± 1.4 cm). Moreover, the body weight for 
males ranged from 38.6 to 316.8  g (121.2 ± 44.4  g) and 
females varied between 58.6 and 279.3 g (117.1 ± 30.2 g) 
respectively. The investigation of the monthly sex ratios for 

Table 1  Sex ratio of L. Quinquelineatus by month with consequent chi-square (χ2) values from Terengganu, southern South China Sea, Malaysia
Month Total (n) Male (n) Female (n) Male (%) Female (%) Sex ratio (M: F) χ2 P value
Apr’22 45 12 33 26.67 73.33 1: 2.75 9.80 0.001*

May’22 44 12 32 27.27 72.73 1: 2.66 9.09 0.002*

June’22 41 14 27 34.15 65.85 1: 1.92 4.12 0.04*

July’22 38 28 10 73.69 26.31 1: 0.36 8.52 0.003*

Aug’22 38 19 19 50.00 50.00 1: 1.00 0.00 1.00
Sep’22 62 36 26 58.06 41.94 1: 0.72 1.62 0.20
Oct’22 50 24 26 48.00 52.00 1: 1.08 0.08 0.77
Nov’22 41 29 12 70.73 29.27 1: 0.42 7.04 0.007*

Dec’22 36 17 19 47.22 52.78 1: 1.11 0.11 0.74
Jan’23 44 16 28 36.36 63.64 1: 1.75 3.27 0.07
Feb’23 49 23 26 46.94 53.06 1: 1.13 0.18 0.67
Mar’23 39 25 14 64.1 35.90 1: 0.56 3.10 0.07
Total 527 255 272 48.39 51.61 1: 1.07 0.54 0.46
*significant difference at a level of 5%
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linear relationship observed between GSI and HSI through-
out each month.

Length at Maturity

Mature individuals ranged from 18 to 26.7 cm (21.3 ± 1.9 cm) 
for males and 17.3 to 25.2 cm (19.6 ± 1.4 cm) for females 
was observed. The calculated length at 50% sexual maturity 
(Lm) of L. quinquelineatus was 20.8 cm (N = 109) for males 
(Fig. 6A) and 20.1 cm (N = 115) for females (Fig. 6B). The 
relationship between mature and total length percentage 
had provided a coefficient of determination (R2), where 
R2 = 0.858 for males and R2 = 0.943 for females.

Batch Fecundity

A total of 34 mature female gonads have been evalu-
ated for batch fecundity, TL varied from 17.6 to 25.2  cm 
(19.5 ± 1.7  cm), the BW ranged from 79.4 to 279.3  g 
(125.2 ± 39.5 g) and the GW ranged 1.74 to 9.6 g (3.9 ± 1.9 g). 

showing the spawning seasons of this species, which have 
their peak times in March. On the other hand, the mean 
monthly GSI for both sexes drastically declined from July 
to January (males ranged: 0.21–0.91; females ranged: 0.49–
0.99) (Fig. 5A and B), which corresponds to the fish resting 
period.

On the contrary, the monthly HSI for males and females 
ranged from 0.32 to 1.23 (Fig. 5A) and 0.61 to 1.52 (Fig. 5B), 
respectively. Monthly changes in Kn and HSI were used 
to analyze the energy consumption patterns of fish during 
the reproductive phase. Furthermore, the monthly average 
Kn for both sexes exhibits a high level of uniformity. The 
monthly Kn for males and females varied from 1.00 to 1.04 
and 1.00 to 1.05 (Fig.  5A and B), showing that they are 
growing in good health because of food availability and bal-
anced ratio between predator and prey. The monthly values 
of Kn were minimally affected by the changes in GSI, which 
may be attributed to the plentiful availability of food (prey) 
in the study areas. Furthermore, there was a continuous 

Fig. 2  Microphotographs of 
histological slides for five 
gonadal maturity stages in male 
L. quinquelineatus. I-immature 
phase containing spermatogonia, 
II-developing/regenerating, III-
spawning capable, IV- actively 
spawning phase containing 
enormous amounts of spermato-
zoa, V-regressing. Sg1-primary 
spermatogonia, Sc1-primary 
spermatocyte, Sc2-secondary 
spermatocyte, St-spermatid, 
Sz-spermatozoa, Lu-lumen, 
Scy-spermatocyst
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ratio of the L. quinquelineatus population did not deviate 
significantly from the expected 1:1 ratio. Many research-
ers have made similar findings about various species of 
Lutjanus, namely Lutjanus goreensis (Fakoya and Anetekha 
2019) and Lutjanus biguttatus (Longenecker et al. 2013) 
validate the results of the current study. It may also rep-
resent tendencies of monogamous mating (Teixeira et al. 
2010; Trejo-Martínez et al. 2011). However, the findings of 
this study contradicted with same species from Okinawa-
jima Island, Japan, reported by Araki and Tachihara (2021) 
resulting from variations in fishing pressure and alterations 
in life history traits. This might be also caused by several 
factors, including population adaption, sexual behaviour, 
availability of food, and environmental variables (Brykov et 
al. 2008; Vandeputte et al. 2012).

The spawning season of fish is dictated by an associa-
tion of the GSI and the progression of gonadal development 
stages, which serves as a reliable measure of reproductive 
activity (Rizzo and Bazzoli 2020).The spawning season 
was estimated to be protracted from February to June, with 

Each fish’s overall quantity of mature eggs ranged from 
19,314 to 98,880 oocytes (43,836 ± 21,486 oocytes). The 
present study found that the fecundity of fish is positively 
correlated with the weight of their gonads, instead of length 
and weight of fish (Fig. 7). The strongest correlations were 
identified when fecundity compared with GW (R2 = 0.97).

Discussions

The current study gives firsthand knowledge of the repro-
ductive biology of L. quinquelineatus in the southern South 
China Sea, Malaysia. In Malaysian waters, the maximum 
length was recorded at 26.7 cm, significantly less than the 
length reported by Mehanna et al. (2017) in the Red Sea 
at Hurghada, Egypt. The length disparities identified in 
this study may be attributed to various environmental fac-
tors allied to geographical variations (Smoliński and Berg 
2022) or solely caused by the gear used for fishing. The 
study found that the monthly recorded and size-based sex 

Fig. 3  Microphotographs of his-
tological slides for five gonadal 
maturity stages in female L. quin-
quelineatus. I-immature, II-devel-
oping/regenerating, III-spawning 
capable, IV-actively spawning, 
V-regressing.PG-primary growth 
of oocytes, PVO-primary vitel-
logenin oocytes, SVO-secondary 
vitellogenic oocytes, TVO-
tertiary vitellogenic oocytes 
HO-hydrated oocytes, AO-atretic 
oocytes, RO-residual oocytes, 
POF-post-ovulatory follicle
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temperature reported by Araki and Tachihara (2021) and 
Mehanna et al. (2017) for L. quinquelineatus, and Rahman 
et al. (2024) revealed for L. xanthopinnis in Malaysia which 
consistent with the current study’s results. Tropical lutjanids 
typically engage in serial spawning with protracted spawn-
ing periods (Kritzer 2004; Marriott et al. 2007; Shimose 
and Tachihara 2005). Similar findings about the spawning 
season for Lutjanus species were observed in earlier studies 

a peak period in March based on GSI and gonad develop-
ment stages (Figs. 4 and 5). According to Yaakob and Chau 
(2005), Malaysia’s northeast monsoon season continues 
from November to February. Spawning begins towards 
the end of the rainy season when the water temperature 
starts to rise from the lowest (February) and continues until 
mid-summer (June). The spawning season’s timing var-
ied but was prolonged and aligned with the hottest water 

Fig. 4  Monthly percentages of the 
maturity stages for (A) male and 
(B) female L. quinquelineatus

 

1 3



Thalassas: An International Journal of Marine Sciences

Jisr et al. (2018), if a fish species has a Kn value equal to 
or very close to 1, we consider that species to have a gen-
eral fitness level. Muchlisin et al. (2017) claim that when 
Kn is 1, there is still a balance between prey and predators, 
the waterways are in good condition, and fish may flourish. 
In general, condition factors are typically influenced by a 
number of biotic and abiotic factors, such as the availabil-
ity of food, the quality of the water, and the age, size, sex, 
and stage of gonad development (Kuriakose 2014). The cor-
relation between Kn and GSI was not significantly varied 
over the course of each month indicating that the muscle 
weight may not be a greatly influenced on fish reproduc-
tive processes attributed to the plentiful availability of food. 
This study’s findings are consistent with Rahman et al.‘s 
(2024) studies regarding L. xanthopinnis in the same study 

conducted in different regions: May to September for L. 
quinquelineatus (Araki and Tachihara 2021) in Okinawa 
Island, April to August for L. fulviflammus (Shimose and 
Nanami 2015) in Yaeyama Island, June to September for 
L. fulvus (Shimose and Nanami 2014) in Okinawa Island, 
May to October for L. gibbus (Nanami et al. 2010a) in Ish-
igaki Island, June to October for L. decussatus (Nanami 
et al. 2010b) in Ishigaki Island. The protracted spawning 
period of L. quinquelineatus coincides with the findings of 
Araki and Tachihara (2021) and Mehanna et al. (2017) for 
the same species presented in Table 2.

In the present study, mean relative condition factors (Kn) 
were greater or equal to 1 in both sexes, indicating they are 
physiologically stable and also revealed a balanced ratio 
between predators and prey in study regions. According to 

Fig. 5  Monthly variations of 
gonadosomatic index (GSI), 
hepatosomatic index (HSI) and 
condition factor (Kn) of (A) male 
(B) female of L. quinquelineatus
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(2022), who observed that HSI had no significant impact on 
gonad maturation.

Understanding the length at maturity will help deter-
mine the size that should be fished for sustainable fisheries 
(Thulasitha and Sivashanthini 2013). The calculated length 
at 50% maturity (Lm) was 20.8 cm for males and 20.1 for 
females based on total length. These lengths are slightly 
different from what Araki and Tachihara (2021) reported 
for the same species from Okinawa‑Jima Island, Japan, 
where they revealed that lengths at maturity were 129.5 mm 
(12.95 cm) for males and 130.3 mm (13.03 cm) for females 
based on standard length. Variations in length maturity may 
be caused by differences in food available in different geo-
graphic locations (Oliveira et al. 2017). Compared to the 

locations. Furthermore, the pattern of HSI showed linear 
relationships with the monthly progression of GSI, suggest-
ing that lipid storage in the liver is not a crucial factor to fish 
reproduction. The findings were confirmed by Fadzli et al. 

Table 2  Reproductive biology of L. Quinquelineatus reported from 
other localities, including the results of the current study (M- male, 
F-female, c- combined sex SL – standard length, TL – total length, 
AF- absolute fecundity, BF- batch fecundity)
Study 
location

Sex 
ratio
(M: F)

Spawn-
ing 
period

Length at 
maturity
(cm)

Fecundity Reference

Oki-
nawajima 
Island, 
Japan

1.3:1 May to 
Sep-
tember

M 
-12.95SL, 
F-13.03SL

- Araki 
and 
Tachihara 
(2021)

Red 
Sea off 
Hurghada, 
Egypt

- March 
to July

C-20.6TL AF-1,62,360 
to 3,89,880

Mehanna 
et al. 
2017

South 
China Sea, 
Tereng-
ganu, 
Malaysia

1:1.06 Febru-
ary to 
June

M-20.8TL, 
F-20.12TL

BF- 19,314
to 98,880

The pres-
ent study

Fig. 7  (a) Relations between batch fecundity and total length, (b) 
Relations between batch fecundity and body weight, and (c) Relations 
between batch fecundity and gonad weight of L. quinquelineatus

 

Fig. 6  The proportions of mature (A) male (N = 109) and (B) female 
(N = 115) of L. quinquelineatus at Pulau Kambing Fish Landing Port, 
Terengganu
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