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ABSTRACT. Reproduction is a fundamental biological process that is essential for the continuous 
survival of fish species. Understanding their early life history and reproductive biology can explain 
how the population behave over time. A total of 1,238 fish samples were examined to determine the 
reproductive patterns and period of fringescale sardinella (Sardinella fimbriata) from Malampaya 
Sound, Palawan, Philippines. Monthly sampling from April 2023 to March 2024 revealed a 1:1 sex 
ratio. Gonadal examination of the fish revealed the presence of spawning individuals throughout 
the study period. The minimum size of matured fish observed was 11.0 cm and 11.1 cm for male 
and female S. fimbriata, respectively. The peak of spawning was April as indicated by the highest 
calculated GSI of 7.62% and fecundity of 18,465. A smaller peak was again observed in the month 
of September. The length at maturity was estimated to be 11.4 and 8.8 cm for males and females, 
respectively. Fecundity ranged between 2,700 to 36,067 eggs per spawn for size class between 
11.1-14.8 cm and weight 13.07-31.93 g. Regression analysis between fecundity and morphometric 
characteristics such as body length, weight, eviscerated weight, and gonad weight revealed a positive 
correlation. Very low coefficients of determination were computed, ranging between 0.0028-0.1233. 
A significant association between fecundity and the morphometric variable gonadal weight was 
observed, as shown by the p-value of 0.0000. These outcomes are valuable data in the formulation 
of conservation and management strategies for the area. Implementation of appropriate conservation 
measures, monitoring of environmental parameters, strict enforcement of fishery regulation, coupled 
with increased environmental awareness and community participation will guarantee the long-term 
sustainability of the fringescale sardinella population and the preservation and sustainable use of 
marine biodiversity in Malampaya Sound. 

Key words: Fecundity, fish reproduction, gonadal development, reproductive seasonality, spawning 
behavior.

Biología reproductiva del tunsoy (Sardinella fimbriata Valenciennes, 1847) del Estrecho de 
Malampaya, Palawan, Filipinas

RESUMEN. La reproducción es un proceso biológico fundamental que resulta esencial para la 
supervivencia continua de las especies de peces. Comprender su ciclo vital temprano y su biología 
reproductiva puede explicar cómo se comporta la población a lo largo del tiempo. Se examinaron un 
total de 1.238 muestras de peces para determinar los patrones reproductivos del tunsoy (Sardinella 
fimbriata) del Estrecho de Malampaya, Palawan, Filipinas. El muestreo mensual de abril de 2023 
a marzo de 2024 reveló una proporción sexual de 1:1. El examen gonadal de los peces mostró la 
presencia de individuos reproductores durante todo el período de estudio. El tamaño mínimo de los 
peces maduros observados fue de 11,0 cm y 11,1 cm para los machos y las hembras de S. fimbriata, 
respectivamente. El pico de desove fue en abril, como lo indica el mayor GSI estimado de 7,62% y 
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INTRODUCTION

Reproduction is considered a biological process 
of living organism essential to ensure the continu-
ing survival of the species (Muchlisin 2014). In 
fisheries, the understanding of reproductive biology 
of fish can be used as a basis in the formulation of 
conservation and management strategies (Brewer 
et al. 2008; Grandcourt et al. 2009), development 
of culture techniques (Muchlisin et al. 2004), aqua-
culture diversification (Muchlisin 2013) and envi-
ronmental impact assessments (Schlosser 1990).

Many small, fast growing fish species like sar-
dines are known to be ‘r-strategists’ (Pauly et al. 
1998). These are species with early maturation, 
high fecundity, short generation times, and minimal 
parental investment (Pianka 1970). This attribute 
is to maximize reproductive output and popula-
tion growth rate in environments where resources 
are abundant but unpredictable (Pauly et al. 1998). 
Sardines are broadcast spawners (Ganias 2014), 
and fertilization occurs externally once millions 
of eggs are released into the water (Shapiro and 
Giraldeau 1996). 

Sardines are major component of fish land-
ings from Malampaya Sound. There are at least 
6 species of sardines found in the area (Gonzales 
2013), of which fringescale sardinella (Sardinella 
fimbriata) is the most common. These ray-finned 
fishes belonging to Clupeidae Family. They are 11 

to 19 cm in length, with moderately slender bodies, 
found in the coastal waters of the Indo-west Pacif-
ic, from Kuwait to southern India and the Bay of 
Bengal to the Philippines (Whitehead 1985; Dalzell 
and Ganaden 1987). Fringescale sardinella can be 
distinguished from other species by its elongated 
and streamlined body, with a silvery coloration on 
the sides and a darker back (Sivasubramaniam et 
al. 2020).

There have been many studies conducted on the 
reproductive biology and early life history of sar-
dines. However, there has been very few studies 
reported for fringescale sardinella, particularly in 
the Philippines and Malampaya Sound. Significant 
studies by Ganias et al. (2003), Rohit and Bhat 
(2003), Tsikliras and Antonopoulou (2006), Bellier 
et al. (2007), and Ghosh et al. (2013) highlights that 
oceanic variability influences the reproduction of 
fringescale sardinella and related species. Tempera-
ture, salinity, and food availability can impact the 
timing of spawning seasons (Basilone et al. 2021), 
and because of this spatial and temporal variation 
occurs. Natural and anthropogenic pressures like 
climate change, overfishing, pollution and habitat 
destruction can also change their reproductive tim-
ing and success (Silva et al. 2006; Hunnam 2021). 
In the study conducted by Baali et al. (2017), they 
found out that Sardinella aurita and S. maderensis 
have distinct spawning seasons. While S. longiceps 
exhibits seasonality that spawns in June to August 
(Kripa et al. 2018). For fringescale sardinella, it 
has been reported to spawn throughout the year. 

la fecundidad de 18.465 huevos por puesta. Se observó nuevamente un pico más pequeño en el mes de septiembre. La longitud de ma-
durez se estimó en 11,4 y 8,8 cm para los machos y las hembras, respectivamente. La fecundidad varió entre 2.700 y 36.067 huevos por 
puesta para la clase de tamaño entre 11,1-14,8 cm y peso 13,07-31,93 g. El análisis de regresión entre la fecundidad y las características 
morfométricas como longitud corporal, peso, peso eviscerado y peso de las gónadas reveló una correlación positiva. El coeficiente de 
determinación fue muy bajo y varió entre 0,0028 y 0,1233. Se observó una asociación significativa entre la fecundidad y la variable 
morfométrica de peso gonadal, como lo demuestra el valor p de 0,0000. Estos resultados constituyen datos valiosos para la formulación 
de estrategias de conservación y gestión de la zona. La aplicación de medidas de conservación adecuadas, el seguimiento de los pará-
metros ambientales, la aplicación estricta de la normativa pesquera, junto con una mayor conciencia ambiental y la participación de la 
comunidad garantizarán la sostenibilidad a largo plazo de la población del tunsoy y la conservación y el uso sostenible de la biodiversidad 
marina en el Estrecho de Malampaya.

Palabras clave: Fecundidad, reproducción de peces, desarrollo gonadal, estacionalidad reproductiva, comportamiento de desove.
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In the Philippines, it occurs during the southwest 
monsoon season (Willette et al. 2011) and with 
varying peaks depending on the locality (Guanco 
et al. 2009; Rivera et al. 2017). 

The study focused on the fringescale sardinella 
of Malampaya Sound. Malampaya Sound is a pro-
tected inlet composed of complex sheltered bays, 
coves, estuaries, and islands at the northwestern tip 
of Palawan Island. It was considered as one of the 
important and richest traditional fishing grounds 
and termed as ‘fishbowl of the Philippines’ (Gonza-
les et al. 2017) as it constitutes to 19% of the total 
national municipal landings in the 1970s (Estudillo 
et al. 1987). However, due to the natural causes, 
amplified by anthropogenic stresses, the marine 
environment deteriorated, and the fish population 
declined (Pauly et al. 2002, 2005). The area was so 
overfished that commercial fisheries is prohibited 
in 1973 (Ronquillo and Llana 1987). It was de-
clared a protected landscape and seascape in 2000 
to conserve its remaining resources while allowing 
sustainable utilization of the area.

This study aims to determine the reproductive 
patterns and period of fringescale sardinella. Spe-
cifically, this investigation will ascertain the go-

nadal development, sex ratio, gonadosomatic index 
(GSI), length at maturity and fecundity of the said 
species found in Malampaya Sound, Palawan. Data 
from this study can be used as an input in the man-
agement interventions that can be implemented in 
the area.

MATERIALS AND METHODS

Fringescale sardinella samples were collected 
every month between April 2023 to March 2024 
from Barangay Pancol, Taytay, Palawan (Figure 
1). It is one of the densely populated areas along 
the coast of the Inner Sound and one of the fish 
landing sites for artisanal fisheries in the area. Fish 
bought from the landing site were brought to the 
Western Philippines University, Puerto Princesa 
City. Samples were randomly selected from the fish 
catch. Processing included measurement, weigh-
ing, sex determination, dissection and microscopic 
analysis. The ratio between male and female was 
determined and evaluated using the chi-square 
goodness-of-fit test (Zar 2001). Reproductive or-

Figure 1. The map of Malampaya Sound, Palawan, Philippines.
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gans from each specimen were carefully set aside, 
weighed and sampled. Maturity stages were as-
sessed based on morphological characteristics of 
gonads (Brown-Peterson et al. 2011). Random 
samples were subjected to histological evalua-
tion to confirm correct staging and documentation. 
Ovaries in spawning capable stage were placed in 
plastic vials and immediately fixed in 10% buffered 
formalin for 24 h, and then they were transferred 
in 70% ethanol for storage. 

Total lengths (TL) were measured at the nearest 
0.1 cm, from the tip of the snout to the end of the 
tail. Whole body weight and gonad weight were 
measured to the nearest 0.01 g. Resulting values 
were used to compute the Fulton condition factor 
(K) (Froese 2006) and gonadosomatic index (GSI) 
(Gaikwad et al. 2009) with the following formulas: 

K = 100 * Weight/length3

GSI (%) =    
Weight of gonad    

× 100
Total weight of fish

Gonadosomatic index of all the fish samples 
were computed throughout the sampling period 
and was used as a tool to identify the spawning 
season. The GSI of small (= mean length – stan-
dard deviation) and large (= mean length + stan-
dard deviation) females were also determined. The 
proportion of mature individuals in each size class 
were determined and calculated. Fish was consid-
ered matured when they were in spawning capable, 
regressing and, regenerating stages (Brown-Peter-
son et al. 2011). The length at maturity (Lm50) was 
the size where 50% of fish are already sexually 
mature (Willoughby and Tweddle 1978). Fish were 
clustered into 1.0 cm size class. The Lm50 was cal-
culated using the following formula (Fontoura et 
al. 2009):

P = 
A 
+ e(-r(L-Lm50))

1

where P is the proportion of reproductive females, 
A is the curve asymptote, r is the slope and L is the 
length of the fish.

Fecundity determination was done using the vol-
umetric method described by Bagenal and Braum 
(1978). A gonad was placed in a container with a 
known volume of water. Clumps of adhering eggs 
were broken up and eggs were carefully separated 
using a dissecting needle. The bottle was homog-
enized before a subsample was taken for analysis. 
Three subsamples were taken from each gonad for 
counting. The number of hydrated oocytes in the 
subsample were counted under a stereo microscope. 
Note that the ovaries with postovulatory follicles 
were not included as it is an indication that the fish 
has already spawned. Fecundity (F) was calculated 
using the formula (Murua et al. 2003):

F = 
Total volume S 

× no. of hydrated ova Ss 
   Volume Ss

where S is the sample and Ss is the subsample.
The relationship between fecundity and mor-

phometric variables such as length, weight, evis-
cerated weight and gonad weight were determined 
using the General Linear Model and Regression 
Analysis.

RESULTS

Sex ratio and gonadal development

A total of 1,238 fish samples were examined 
throughout the study period, where 50.6% and 
52.9% were identified as male (n = 626) and fe-
male (n = 612), respectively (Table 1). Monthly 
proportion between sexes varied. Despite this, no 
significant difference was observed except during 
the month of May. This was verified by the chi-
squared (x2) values computed which revealed no 
significant difference between the two. 
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Gonadal examination of fish revealed presence 
of spawning capable individuals throughout the 
study period (Figures 2-4). However, very few 
mature fish were observed during the months of 
June and January. The minimum size of matured 
fish measured were 11.0 and 11.1 cm for male and 
female fringescale sardinella, respectively.

Spawning season determination 

The gonadosomatic index of all the samples for 
the entire period of study showed that males had 
relatively lower GSI than females (Figure 5). It 
was further revealed that male GSI was relatively 
more stable fluctuating slightly between 1.19% 
and 3.93%, whereas for females, it started at the 
highest of 7.62% in April 2023 and then abruptly 
decreased to 2.47% the following month. From 

May 2023 onwards, it was observed that the GSI 
was almost constant between 1.98% to 4.2%. Gen-
erally, larger females have higher GSI than small 
females except in the months of April, June and 
October (Figure 6).

Length at maturity (Lm50)

Gonads classified as spawning capable, re-
gressing, and regenerating were considered ma-
tured. High frequencies of sexually matured fish 
were observed in all size classes between 10.7 to 
15.8 cm. The length at maturity, where 50% of the 
fish already reached sexual maturity, was estimat-
ed to be 11.4 and 8.8 cm for males and females, 
respectively. The smallest mature fish sample that 
was collected for this study was 11.0 cm for males 
and 11.1 cm for females.

Table 1. Monthly sex ratio with the corresponding chi-square (x2) values, percentage of mature individuals, and Fulton’s condition 
factor (K) of fringescale sardinella from Malampaya Sound, Palawan from April 2023 to March 2024, n = 1,238. Note: 
the asterisk indicates significant difference observed between the number of sexes based on the computed p-values at 0.05 
level of significance.

 Male Female 

Month n % %Mature K  n % %Mature K Sex ratio x2 
         male:female 

April 2023 49 49.0 71.4 0.929 51 51.0 84.3 0.985 1:1 0.04
May 39 38.2 51.3 1.025 63 61.8 76.2 1.015 1:1.6 5.65*
June 57 55.9 33.3 0.927 45 44.1 68.9 0.930 1:0.8 1.41
July 54 52.4 63.0 0.938 49 47.6 87.8 0.955 1:0.9 0.24
August 46 44.2 52.2 1.028 58 55.8 86.2 1.009 1:1.3 1.38
September 57 54.8 56.1 0.981 47 45.2 87.2 0.992 1:0.8 0.96
October 48 46.2 85.4 0.968 56 53.8 96.4 0.947 1:1.2 0.62
November 59 56.7 59.3 0.926 45 43.3 88.9 0.914 1:0.8 1.88
December 56 53.8 66.1 0.932 48 46.2 87.5 0.911 1:0.9 0.62
January 2024 53 51.5 49.1 0.940 50 48.5 66.0 0.955 1:0.9 0.09
February 59 56.7 61.0 0.969 45 43.3 93.3 0.971 1:0.8 1.88
March 49 47.1 65.3 0.906 55 52.9 89.1 0.905 1:1.1 0.35

Total 626 50.6 59.3 0.956 612 49.4 84.3 0.958 1:1 0.16



Marine and Fishery Sciences 38 (1): 85-100 (2025)90

Fecundity 

A total of 400 sexually mature females were 
subjected for fecundity counting. Analysis re-
vealed that the fecundity ranged between 2,700 
and 36,067. The mean fecundity was calculated 
as 12,679 eggs per spawn for size class between 
11.1-14.8 cm and weight between 13.07-31.93 g. 
Monthly fecundity fluctuates, however, the highest 
count was recorded in April (Figure 7). A smaller 

peak was also observed in September. Regression 
analysis revealed a positive correlation between 
fecundity and the morphometric characteristic 
body length, weight, eviscerated weight, and go-
nad weight (Figure 8). A very low coefficients of 
determination were computed ranging between 
0.0028 and 0.1233. However, further analysis re-
vealed that only the gonadal weight had a signifi-
cant association with fecundity with a p-value of 
0.0000. 

Figure 2. Distribution of different maturity stages of fringescale sardinella from Malampaya Sound, Palawan from April 2023 to 
March 2024. A) Male. B) Female. IMM: immature, DVLPNG: developing, SPCAP: spawning capable, RGRS: regressing, 
RGEN: regenerating.
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Figure 3. Histology of fringescale sardinella testis at various stages. A) Immature. B and C) Developing. D) Spawning capable. 
BM: basement membrane of seminiferous tubule, SC: spermatocytes, SZ: Spermatozoa.

Figure 4. Histology of fringescale sardinella ovary at various stages. A) Immature. B) Developing. C) Spawning capable. D) Re-
gressing. Ol: ovarian lamella, PG: oocyte of primary growth, Vtg1: developing ovary with cells in initial vitellogenesis, 
HO: hydrated oocytes, AO: atretic oocytes.
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DISCUSSION

Studying the sex ratio of fringescale sardinella 
is an essential element of its management and con-
servation. A balanced ratio of male and female is 
essential for reproductive success. In the present 

study, despite monthly variations, no significant 
difference between sexes were observed except 
during the month of May. The total ratio was cal-
culated as 1:1. According to Chen et al. (2022), a 
disproportionate population can result in a reduced 
reproduction rate and may impact the overall popu-
lation size. It can even lead to severe evolutionary 
consequences if left unchecked (Raymond et al. 

Figure 5. Monthly gonadosomatic index (GSI) of fringescale sardinella from April 2023 to March 2024. 

Figure 6. Average length per month sampled and the gonadosomatic index (GSI) between large and small female fringescale 
sardinella.
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Figure 8. Relationship between fecundity and some morphometric characteristics of fringescale sardinella.

Figure 7. Monthly fecundity of fringescale sardinella from April 2023 to March 2024.
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2023), resulting in a reduction in genetic diversi-
ty (Martinez et al. 2023). Consequently, the fish 
are becoming less resistant to diseases and strug-
gle adjusting to slight changes on environmental 
condition.

Variations in sex ratio across can be a result of 
fishing practices (Robinson et al. 2017). Selective 
fishing and high fishing pressure, which is common 
to Malampaya Sound decades ago, can skew the 
sex ratio that can change the age and size structure 
of the fish populations. However, we do not dis-
count the fact that this is also a natural occurrence 
because sex ratio is also influenced by environmen-
tal conditions, predation, diseases, and individual 
growth rates (Chen et al. 2022). Thus, continuous 
monitoring and practicing sustainable fishing are 
essential to maintain healthy fish populations. Be-
havioral patterns must also be considered when 
analyzing male to female ratio as some tends to 
exhibit seasonal aggregation that can create poten-
tial biases during sampling (Reichard et al. 2014). 
It is documented that species of sardines aggregate 
during spawning seasons or go to specific spawn-
ing grounds to increase reproductive potential (Ga-
nias 2008; de Souza Moraes et al. 2012). 

Most of the species in the Family Clupeidae 
spawns throughout the year. In the Philippines, 
it occurs during the southwest monsoon season 
(Willette et al. 2011). The fringescale sardinella 
studied in major fishing grounds in the country 
found to spawn throughout the year (Guanco et al. 
2009; Rivera et al. 2017). This same observation 
was also seen in Malampaya Sound. Examination 
of the gonads revealed high presence of hydrated 
oocytes every month, indicating potential year-
round spawning. The peak of spawning was April 
as indicated by the highest calculated GSI of 7.62% 
and fecundity of 18,465. A smaller peak was again 
observed in the month of September. According 
to Mukhopadhyay et al. (2020), the GSI values 
correlate with the maturation of the gonads. This 
result is similar to the study conducted by Rivera 
et al. (2017) in Manila Bay with the peak of spawn-
ing observed from February to May. However, in 

Visayan Sea, the peak was observed from July to 
September (Guanco et al. 2009). According to stud-
ies, spawning season varies between and amongst 
localities (Winemiller and Rose 1992; Murua and 
Saborido-Rey 2003; Morgan 2008). This can be 
attributed to environmental and anthropogenic fac-
tors such as water temperature, salinity, dissolve 
oxygen levels, nutrition and feeding, stress, pol-
lutants, population density and fishing intensity 
(Cushion 2010; Canosa et al. 2023). These vari-
ables can make epigenetic modifications during sex 
differentiation and alter its expression which can 
also affect several generations (Hattori et al. 2020).

In general, spawning is driven mainly by en-
vironmental variations. However, the size of the 
fish is another contributing factor that can affect 
reproductive ability (Slesinger et al. 2021; Domin-
guez-Petit et al. 2022). Larger females have more 
intense and prolonged spawning episodes com-
pared to smaller females. This is clearly seen in the 
monthly GSI of fringescale sardinella except in the 
months of April, June, and October. Having smaller 
individuals with high GSI is uncommon but likely 
can happen due to species-specific habitat adapta-
tion (Jonsson and Jonsson 2011; van Overzee and 
Rijnsdorp 2014).

The length at maturity of the samples were cal-
culated as 11.4 and 8.8 cm for male and female 
Fimbriated sardines, respectively. Published re-
ports for this species are 12.0-12.3 cm for males, 
10.8-13.3 cm for females, and 13.0-14.6 for mixed 
sexes (Radhakrishnan 1964; Bennet et al. 1992; 
Ghosh et al. 2013; Rivera et al. 2017; Bintoro et al. 
2019; Musel et al. 2022). The samples in Malam-
paya Sound falls shorter than the given ranges. 
This is not surprising as the exploitation rate in 
the area is exceedingly high during the previous 
years. According to de Roos et al. (2006), fish ma-
tures earlier as a genetic and plastic response to 
fishing pressure. 

The highest fecundity recorded for this species 
was 365,324 in Lawas, Sarawak, Malaysia (Musel 
et al. 2022). For this study, the average was 12,187 
eggs per ovary. The significant association between 
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fecundity and the gonadal weight only suggest 
that larger fish with big and heavier gonads tend 
to be more fecund than smaller fish. This is due to 
the reason that bigger fish have more body space 
to accommodate more eggs (Jan and Jan 2017). 
However, the observed values of the coefficient of 
determinations are too low and not indicating the 
same. Accounting other factors other than morpho-
logical characteristics will give us a bigger picture 
of the complex interaction that are not captured by 
a simple linear model. While gonadal weight is a 
good indicator of fecundity, there are other factors 
that may affect its reproductive potential such as 
species-specific traits (e.g. parental quality, size, 
condition), resource availability (e.g. food abun-
dance and quality), environmental (e.g. tempera-
ture) and evolutionary factors (e.g. stock biomass, 
fishing pressure) (Witthames et al. 1995; Kjesbu et 
al. 1998; Murua et al. 2003; Lambert 2008; Hsieh 
et al. 2011). Moreover, this maybe due also to the 
small size range of the collected samples. Increas-
ing the sampling size with a wide morphological 
range will give us a more reliable estimate. As a 
whole, annual variation in fecundity is expected 
even within a population (Horwood et al. 1986; 
Rijnsdorp 1991; Kjesbu et al. 1998). 

Identification of the sexual development pat-
terns, combined with gamete production systems 
and life history traits can explain how reproduc-
tive strategies influence reproductive potential over 
time (Winemiller and Rose 1992) of fringescale 
sardinella from Malampaya Sound. Together with 
fecundity, they are important aspects in understand-
ing not just the biology of the said fish species, 
but also the changes in the population structure 
overtime. They can predict population trends and 
can be used as a basis in designing adaptive conser-
vation programs for the area, i.e. setting size limits, 
quotas, and close seasons for fishing. Continuous 
monitoring of theses parameters, implementation 
of conservation measures, strict enforcement of 
regulations and educating local communities is a 
requisite for the sustainability of not just fringes-
cale sardinella but the entire Malampaya Sound.

To sum, the results of study on the reproductive 
pattern of fringescale sardinella (Sardinella fimbri-
ata) from Malampaya Sound, Palawan, Philippines, 
gave an important understanding into the species’ 
reproductive biology. The outcomes on sex ratio, 
gonadal development, length at maturity, and fe-
cundity are important in understanding the popu-
lation dynamics of the species. The determination 
of these parameters is essential in adaptive conser-
vation programs, sustainable fisheries management, 
and attesting the health of the ecosystem. The study 
highlights the importance of regular monitoring of 
these parameters and the implementation of appro-
priate conservation measures. It also emphasizes 
the need for community education and strict im-
plementation of fishing regulations to guarantee the 
long-term sustainability of the fringescale sardinel-
la population and the preservation and sustainable 
use of marine biodiversity in Malampaya Sound.
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