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Abstract. Oktaviani D, Priyanto E, Nugroho D. 2020. Length-weight, maturity, and condition factor of torpedo scads (Megalaspis
cordyla Linnaeus, 1758) in the Java Sea, Indonesia. Biodiversitas 21: 1527-1534. The Java Sea comprises the most extensive ecosystem
with high pressure on the biodiversity of marine fish species in Indonesia. Small pelagic fish is the main target among marine fish
species in this area for decades to fulfill the need for animal protein for human consumption. Torpedo scads (Megalaspis cordyla
Linnaeus, 1758) locally called as tetengkek is one of the common species caught in small pelagic seiners fisheries in the area. The
significant increasing trend of annual fish landing could lead to unsustainable long-term harvesting. This study was performed to support
baseline information on the biological characteristics of Torpedo scads. Measurements on length, weight, sex, maturity, and gonad
weight are the main database that collected from February to December 2017 in the Tegal fishing port, north coast of central Java. A
total of 2139 specimens were available for monthly length-frequency measurements, and 601 specimens among them specifically
observed for length-weight, sex, maturity stage, and their gonad weight. The result showed that fish caught within a range of 16.0-35.4
cmFL and weight of 40-570 g. The length-weight relationship tends to be isometric with the equation of L = 7.e-03 W35, The male
and female ratio at 1.07: 1.0 with most of the fish caught at an immature stage (77% of males and 63% of females). Average Fulton

condition factor (Kn) of 1.15+0.09 (0.86-1.64). A wide range of GSI indicates that torpedo scads partially spawn at each month of the year.
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INTRODUCTION

Torpedo scads (Megalaspis cordyla) is one of the
Carangidae fish family that commonly caught by the small
pelagic fishery in the Java Sea. The species locally called
as Tetengkek. The species broadly distributed in the
pelagic ecosystem of the continental shelf, particularly in
tropical and sub-tropical waters. This species bio-
geographically spread throughout the western Indian Ocean
from East Africa, South, and Southeast Asia, Western
Pacific from Japan to the northern part of Australia and
eastward to Fiji Islands (Carpenter and Niem 1999). The
Java Sea is one of the most abundant marine fish diversities
in Indonesian waters. There are more than 20 species
belong to small pelagic fish groups that were identified in
seiner fishery landing (Widodo and Burhanuddin 1995).
Torpedo scad is one of the small pelagic species that
continuously harvested for decades. Nurdin (2007)
described this species contributing to around 2% of the
small scale seiners on the north coast of Java, while the
heavy exploitation status occurred (Anas et al. 2011).
Historical national capture fisheries statistics from 1977 to
2016 showed that landing of Megalaspis cordyla in the
Java Sea significantly increased from 39 tons in 1977 to
9117 tons in 2014 then slightly decreased into 5500 tons in
2016 (DGCF, 2017). Landing mainly from seiners fishery
operated in offshore waters of the north coast of the Java
Sea. This phenomenon indicates that human pressures

through fishing are significantly increased and directly
impact to high rates of fishing mortality. Long-term high
rates of fishing mortality tend to drive overfishing, and it
should be avoided by managing the fish stocks within a
biologically sustainable level. The trend of this fish landing
is proportional to a large extent of harvesting rates to
support domestic food fish supply.

Small pelagic fishery plays a significant role in coastal
community livelihood on the north coast of Java. This
fishery already exists for more than five decades.
Observation of life-history parameters was carried out to
understand the biological sensitivity of the species. Several
biometric studies of small pelagic species have been
conducted in the Java Sea. However, very few biological
studies on this torpedo scads. The objective of this study is
to provide baseline information on life-history parameters
of this torpedo scad, such as the length structure, length-
weight relationship, sex-ratios, monthly variability of
Fulton’s condition factor, and gonado-somatic index. The
study was carried out through data collection from
February to December 2017 on the landing of commercial
seiners in the Tegal fishing port, north coast of central Java.

Nevertheless, several biological observations of this
species conducted elsewhere, such as in South Asian
coastal waters of India (Sajina et al. . 2011; Jadhav and
Mohite 2014), Pakistan (Qamar and Panhwar 2018; Razzaq
et al. . 2019), Malaysia (Das et al. . 2014) were used as
comparative information of this study. This result is
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expected to enhance the necessary information on the
demographic structure of small pelagic fish in the area.
Gaining an understanding of the demographic aspects of
this species would assist in avoiding over-harvesting and
implementing management practices for the sustainable use
of the small pelagic fish resource in the Java Sea.

MATERIALS AND METHODS

Study area

The Java Sea (Figure 1), located in central-western
Indonesian seas, is one of the significant contributions of
small pelagic fisheries in Indonesia. Fish landed by small
pelagic seiners as the main fishing gears based on the north
coast of Java. Observations were made on regular monthly
bases. Tegal fishing port is the site which geographically
located in (6°50'58.01" S, 109° 7'43.74" E) western part of
the north coast of Central Java, Indonesia.

Data collecting

Demographic data of this species were obtained from
direct observation and supported by a well-trained
enumerator in the landing place. The specimen of different
size groups collected through monthly based observation
from February to December 2017.Some 2132 individuals
of torpedo scads measured for length frequency. Among
them, 610 specimens observed for sex determination and
maturity stages. Length frequency measurements were
made by measuring board from the tip of the mouth to the
nearest centimeter of its caudal fin (fork length, FL). The
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analytical balance with a precision of 1 g was used to
observe body weight (W) and 0.01 g for gonad weight
(Wg). Missing data in January due to heavy rainy season
with strong wind caused limited seiners to operate in the
area.

Data analysis

Length frequency distributions were measured within
0.5 cm intervals. The length intervals were grouped
following general equation of:

Fiz(ni/N)*100 ..., Q

Where:

Fi = frequency for a given interval of 0.5 cm
ni =number of specimens within intervals

N = total number of measured specimens

Length-weight and Fulton’s condition factor

The length-weight relationship compared between
males and females (smallest to largest size). The
relationship of weight length will produce two constants
consisting of the constant "a" is the coefficient for the
weight for fish length and "b" is a fish body shape
parameter that follows the general equation (King, 2007) as
follows:

Where: W = body weight (g); L = length (cm FL)
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Figure 1. Tegal, north coast of Central Java, Indonesia (6°50'58.01" S-109° 7'43.74" E).
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In equation (2), the parameters "a" and "b" are constants
based on the measured length-weight relationship. The
measurement of model fit evaluated by coefficient
determination (r2). The Student’s t-test was used to
examine the difference value of b. The growth would be
isometric (b=3), positive allometric (b>3), or negative
(b<3). It is also applied to test the significant differences
between males and females. Fulton’s condition factor (Kn)
is an indicator of the health condition of individual fish,
and this illustrates the mechanism of reproduction and
survival (Stevenson and Woods 2006). This factor is also
used to describe conditions fish at one time in a relatively
similar location (Nash et al. . 2006). The index is the ratio
of fish weight to length following equation Fulton (1904)
in Froese (2006) as follows:

KNn=W/L3*100 .......ccoeviniiiiiaiieieeieea, (3)

Where:

Kn : Fulton’s condition factor
W weight (g)

L :length (cm)

Sex ratio, maturity stages, and gonadosomatic index

Conventional macroscopic methods applied to
determine the maturation stage or spawning characteristics
of torpedo scads. Different visual color levels and percent
of abdominal cavity occupied by gonads were used to
identify their stage of maturity. Five stages of maturity, i.e.
() Immature, (I1) Developing/Recovery, (I11) Ripe, (IV)
Spawning, (V) Spent (King 2007), were used in this study
(Table 1).

To determine the equal proportion between sex in the
wild population, the ratio of males to females performed
through a Chi-square test (x?). The null hypothesis was: Ho
= Male : Female is 1: 1, H; = Male : Female is # 1: 1.

Gonadosomatic index (GSI) as an alternative way to
describe the proportion of mature fish at age or length in
assessing population reproductive potential. GSI indicates
gradually distinct development of gonad development and
sexual maturity stages of fish. The index was computed as
the ratio between gonad weight (Wg) and body weight (W)
in each sample (Flores et al. . 2014) using the equation of:

Waight of gomad

GSl = 2 100 oo, (4)

Waight of fizh

i

Table 1. Criteria of ovary development stages
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RESULTS AND DISCUSSION

Length frequency distribution

A total of 2132 measured specimens were recorded
during this study. Size structure ranged from 14.0 to 35.0
cm. Most of the catch (54%) within a range of 26-29 cm.
The population structure of torpedo scads is represented by
monthly length distribution (Figure 2). The structure
indicates that during March-June showed that fish caught in
relatively consisted of two cohorts 15-20 cmFL and 25-30
cmFL while in July-August consisted of one cohort 25-30
cm FL. These may indicate that recruitment occurs from
early March to June, then the number of recruitment groups
is less than the adult and dominate the population structure.
The recruit and adult groups exist in the same area,
naturally. The vulnerable age represented by the size group
of 15 cmFL relatively not part of the fishery. Adopting the
common length of 45 cmTL or at about 40 cmFL landed in
this typical tropical fishery (Froese and Pauly 2009), the
absence of this large size was uncertain whether untapped
by the existing fisheries or low abundance in the sea.

Another study carried out in Ratnagiri coast
Maharashtra India showed the rage of landed of this
species ranged from 15.2 to 40.2 cm TL (Jadhav and
Mobhite 2014), Qamar and Panhwar (2019) observed the
size ranged from 18.0-47 cm TL in coastal water of
Pakistan. The maximum size reported at 80 cm TL and
commonly attains 30 to 40 cm (Carpenter and Niem 1999).
Compared to the size caught by seiners in India and
Bangladesh waters, most of the catch in Java sea belongs to
the typical size in the tropical waters seiners fisheries.

Length-weight relationship, sex ratio, and Fulton’s
condition factor

A study on the length-weight relationship (LWR) of
this species is expected to support several applications such
as estimation of stock size and its harvesting. The variation
of weight does not follow the cubic law since fishes do not
retain the same physiology throughout their lifespan (Le
Cren 1951 in Le Galliard et al. . 2005). The LWR in the
present study indicates the isometric growth of both males
(W = 0.0076 L3'%%) and female (W=0.0066 L3%) and
combine sex (W = 0.0069 L3%4%) with b > 3, and this
illustrates the length increment proportional to its body
weight (Figure 3). The examined specimens exhibited fork
length and weight varying between 16.0-35.4 cmFL (Mean
= 23.6 + 3.53) and 40-570 g ( Mean = 221.6 + 85.4). It
should be noted that LWR parameters were considered as
mean annual values for this torpedo scad species since the
data was collected over this period.

Stage Description Ovary Eggs

| Resting Undeveloped, small, translucent Nonvisible to naked eye

I Developing Opaque orange color visible and opaque

i Ripe Fills body cavity Translucent, large and round

v Spawning Release eggs when pressed Large, translucent, some free ovary

\Y Spent Shrinking/slack

Some residual eggs
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Figure 2. Monthly length-frequency distribution of Megalaspis cordyla (February-December 2017)

This value suggested that this species have a relatively
fast growth rate and tend to be fat. To verify if b for each
group of sex is statistically significantly different from the
prediction assigned for isometric growth (b = 3), student t-
test comparison was performed. The result indicates that
growth pattern showed that LWR of male (p= 4.8.E-252),
female (p = 5.E-252) and combined (p = 1.E-219) were
insignificantly different (p< 0.05 ). The coefficient of
determination r? values varied between 0.964-0.973. This
high coefficient of determination values obtained in the analysis
means a good quality of the prediction of a power regression.

Another similar study in India, Bangladesh, and
Malaysian waters indicated that LWR showed that growth
parameters (b) of male and female Megalaspis cordyla are
different within and among waters in coastal waters of
south Asian (Table 2). The isometric coefficient estimated
in the present study (3.1256-3.1681) was higher than other
regional and international findings on the biometric of fish
studied. Nevertheless, the estimated coefficient is within
the expected range of 2.5-4.0 that commonly observed in
Teleostei (Hile 1936; Martin 1949 in Le Cren 1951).

The sex ratio provides the basic information needed to
assess the potential reproduction and stock size estimation
(Vicentini and Araujo 2003). The chi-square (i) verified
that the overall sex ratio of M/F = 1.07: 1 is not

significantly different (p = 0.026; p < 0.05) between male
and female groups of fish (Figure 4). This proportional
ratio indicates that long term harvesting of this species by
seiner fisheries still maintains theorized natural selection,
which always to equal proportion as common features of
the natural population (Fisher 1930 in Fryxell et al. . 2015).
This equal proportion leads fishing pressure to this fish
resource doesn’t impact the demographic structure of this
species.

The Fulton’s condition factor of fish (K.) is the
common parameter to represent the relative healthy index
of fish within its habitat. A heavier fish in a given length
representing a better physiological condition (Froese 2006).
Naie et al. (2015) inform that relative condition factors
could provide essential indicators of different life stages in
a particular ecosystem to support fisheries management.
Scattered diagram of length to Fulton condition factors by
sex indicated that both sexes of the torpedo scads were in a
healthy condition with an index of greater than 1 (Figure
5). The male index ranging from 0.93 to 1.29 with an
average of 1.14 + 0.08 while for female was broader,
ranging from 0.86-1.64 and the average was relatively the
same at 1.14 + 0.10. A similar study was carried out in
Karachi waters of Pakistan, the condition factors ranging
from 0.5 to 1.192 (Ahmed et al. 2013).
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Table 2. Length-weight relationship M. cordyla compared to previous studies in other waters.
Author (s) Areas Combine - _ Female - Male
East coast India 0.000012 2.94 - - - -
Reuben et al. 1992 Northwest India 0.000127 2.52 - - - -
Southwest India 0.000050 2.72 - - - -
Saker et al. 2004 Mumbai coast India 0.000010 2.88 0.00020 2.46 0.00007 2.64
Sivakami 1995 Cochin India 0.013419 2.69 0.00865 2.86 0.01741 2.58
Zafar et al. 2000 Bangladesh 0.017940 2.82 - - - -
Panda et al. 2011 Mumbai India 0.008577 3.02 0.00713 3.08 0.01119 2.92
Dash et al. 2014 Malaysia 0.034000 2.64 0.02100 2.77 0.03400 2.65
Present study Java Sea Indonesia 0.007000 3.15 0.00660 3.17 0.00760 3.13
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Figure 4. Distribution of length of torpedo scads by sex of
Megalaspis cordyla

Maturity, and gonadosomatic index

Distribution of maturity stages by sex showed that 77%
of all male specimens were at immature stages (I and Il),
22% at ripe (111), and <1% spawning specimens (V). The
monthly distribution of the maturity stage indicates that an

OFKn @ MKn

Figure 5. The scattered plot of Fulton’s condition factor by sex of
Megalaspis cordyla

immature stage occurred for each month except in
November. The proportion of developing stages found for
the entire period of observation with the highest (90%)
occurred in July while the lowest in April (33%) (Figure 6
left). The ripe stage appears from April to July and
September to December. The female specimens were also
mostly at immature stages of resting and developing (I and
I1) (63%), 35% ripe, and 2% spawning (Figure 6 right).
Ripe stage (I11) occurs in each month of the year, with the
highest proportion found in August (61%) and July as the
lowest (19%). However, hardly any spawning specimens
observed during this period except in November. Data are
not sufficient to estimate the peak spawning season, and
even the early maturing/ripe stage found during the year.
Another thought suggested that the low percentage of
spawners that occurred in November probably due to most
of these mature cohorts distributed outside the fishing
ground and untapped by this seiner fishery as described in
the previous study of scads (Decapterus macrosoma) in the
Java Sea (Sadhotomo 2006).
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Bodyweight of females ranged was from 40 to 570 g
with a length of 16 to 35.4 cm. The gonad weight ranged
was from 0.02 to 36.33 g, with an average of 6.61 g (Figure
7). This range of gonad weight indicates that most of the
specimens (74%) were at less than 10 g. The linear
regression of body weight to gonad weight showed that a
wide range of gonad weight occurred at more massive than
260 g or equivalent to the length of approximately 27.0-
29.5 cm. The highest gonad weight occurred larger than
400 g in body weight or equal to 31.0 cm length. The
average male gonad weight was 5.56 + 4.64 g and female
at 6.69 + 6.16 g and ranging from 0.02 to 36.33 g, which
was heavier than the male gonad of 0.04 to 24.77 g. It was
found that the gonad weight of both sexes is insignificant
with p = 0.010106 (p < 0.05). The body weight to gonad
weights correlation showed that the determinant coefficient
of female specimens is stronger (0.73) than male specimens
(0.58), and this probably due specimens of male gonad
were mostly at immature stage.

A monthly gonadosomatic index (GSI) observed only
for the female specimens. The result showed a broad range
of GSI occurred each month (March to December) of
female species. This wide variation was also found along
the Ratnagiri coast of Maharashtra India (Jadav and Mohite
2014). The highest GSI found in April (7.2) and November
(7.87) and the lowest value (0.04) in March. The average
GSI ranged from 1.25 to 3.84 (Figure 8). Variability of GSI
coincides with gonad weight and maturity stages
relationship (Figure 9), which shows that each maturity
stage has a broad range of gonad weight. The male GSI
ranged from 0.05 to 6.35 with an average of 2.16 + 1.43
while female specimens 0.04-8.05 with an average of 2.49
+1.78, however these average GSI by sex are significantly
different (p= 0.115 > 0.05). A similar study by Qamar and
Panhwar (2018) indicated that the highest GSI of unsexed
specimens of torpedo scads in the Northern Arabian Sea
coast of Pakistan noted in January and May, whereas the
lowest in November.
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There are overlaps weight of gonad, particularly on
maturity stage Il and Il of both sexes, and these deviations
were probably related to the limited number of specimens
during macroscopic observations. There still no clear
information to confirm this overlaps. However, the same
case was also found in the other small pelagic species of R.
kanagurta, which translucent condition occurred in the
relatively large size of a female with little weight of gonad
(Oktaviani et al. 2014). A wide range of gonad weight in
maturity stage Il (ripe) could probably explain that this
group of fish with gonad weight of < 10 g (arbitrary)
belongs to the specimens in repeated spawning. This
phenomenon drives the reproduction characteristic of
torpedo scads as multi-spawner, which commonly found in
small pelagic species in the tropics (Oktavian et al. 2015).

40
35 ©
Yf=0.057x-5.7415 o
= 30 R?=0.7371 o}
'—
I 25 O-
o
S 20
2 1
< B R,
— L [ ]
S 10 © A %-%:0.045&-4.762
: :
0
0 600

Linear (Fwg) = = = = Linear (Mwg)

Figure 7. Body and gonad weight relationship of Megalaspis
cordyla
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This finding describes the role of GSI and maturity
stages of Megalaspis cordyla indicate that the species
spawn almost the whole year. However, the spawning
sample available within a limited portion of the catch.
Monitoring the performance of biological indicators and its
harvesting data should be designed and implemented
through regular observation. These would play a significant
role in maintaining abundance at a sustainable level,
species fitness, including keeping the ecosystem in a
healthy condition. The previous study showed that high
fishing pressures occurred in the Java Sea (Purwanto et al.
2014; Atmaja et al. 2017), particularly to the main species
of Decapterus spp. The parameter found should be
evaluated despite the high fishing pressures and fluctuation
of environmental conditions that affect the early
development phase (immature cohort) that dominated the

size composition of the daily landing of small pelagic
species. This lack of plasticity regarding biological
sensitivity should be taken into account while developing
the national biodiversity action plan.
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