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— ABSTRACT

This study provided the first report on the reproductive biology of the redtail scad, Decapterus kurroides.
The reproductive activity of the redtail scad was assessed to characterize its sex ratio, spawning period, length
at maturity, and fecundity. Meanwhile, remote sensing data on environmental variables were accessed from
Giovanni online data system. Fish samples were collected monthly from October 2017 to September 2018 from
both commercial and municipal landed catches. Male D. kurroides was found to have a larger size than the
female in terms of mean total length and mean body weight, but it did not differ significantly from the female
(t=1.31, df = 1,348, p = 0.19). Collected male and female samples were mostly in the 15.1 - 18.0 cm size class.
Overall sex ratio exhibited female dominance (1.2:1), which significantly deviated from the 1:1 ratio (x* = 8.17,
p = <0.05). As expected for tropical fish, spawning of D. kurroides occurred year-round, with peak spawning in
December and minor spawning events in March and August, as reflected in the monthly percent occurrence
of different gonad maturity stages and gonadosomatic index evolution. Among the environmental variables
evaluated, sea surface temperature appeared to have more influence on the spawning of D. kurroides followed
by chlorophyll-a concentration. Females matured at a length of 17.2 cm, while males matured at a length of
17.6 cm. Absolute fecundity ranged from 6,416 to 197,672 eggs per female with a mean of 61,733 + 3,955 and
increased proportionally with gonad weight. Information from this study may be used to formulate effective
management strategies for the resource.
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1. INTRODUCTION evaluating the reproductive potential and estimation

of stock size, determining the spawning period, and

nowledge of some aspects of reproductive

B biology, such as sex ratio, length at
maturity, gonadal development, fecundity,

and gonadosomatic index (GSI), is crucial in
understanding the productivity and resilience of
fishery resources (Cochrane 2002; Bradford et al. 2014;
Lowerre-Barbieri et al. 2017). Hence, the significance
of understanding how reproductive biology influences
population production is becoming more apparent and
receiving wide attention among resource management
practitioners (Worm et al. 2009). To wit, information
on the reproductive biology of a species is an index for

preventing the exploitation of juvenile individuals
(Neves et al. 2020). However, in most cases, data and
information on reproductive biology are unavailable
(Williams et al. 2016), such as in the case of the redtail
scad Decapterus kurroides Bleeker, 1855.

The redtail scad D. kurroides (Fig. 1) is a
member of the red-fin Decapterus group. It belongs
to the order Carangiformes, family Carangidae, and
under the class Caranginae, which includes jacks,
pompanos, trevallies, and other scads (Kimura
et al. 2013). It is the oldest member of the red-
fin Decapterus group, which Bleeker first described


http://orcid.org/0000-0001-9270-3069
http://orcid.org/0000-0001-8262-1887
http://orcid.org/0000-0002-2055-9181
https://orcid.org/0000-0003-4130-6535
http://orcid.org/0000-0002-0888-8417
http://orcid.org/0000-0002-7658-4255
https://orcid.org/0000-0003-3483-1243

Dela Rosa et al. / The Philippine Journal of Fisheries 29(2): 193-208

5cm

Figure 1. Redtail scad Decapterus kurroides Bleeker, 1855 from Iligan Bay,
showing its silvery-white body and distinct red fins of the red-fin Decapterus

group.

in 1855 from a single sample from Ambon, Indonesia
(Kimura et al. 2013). The Decapterus red-fin group
also includes D. tabl, D. akaadsi, and D. smithvanizi,
which closely resemble each other (Delloro et al. 2021).
However, D. kurroides has an elongated, comparatively
deep, and compressed body compared to other species
of the red-fin Decapterus group (Kimura et al. 2013).
This species feed on small planktonic invertebrates
and grew to 45.0 cm in total length (Belga et al. 2018)
and distributed in the Indo-West Pacific from the Red
Sea (Gulf of Agaba) to Western Australia, Taiwan,
Indonesia, north to the Philippines and Okinawa, and
east to Fiji (Smith-Vaniz 1999; Kimura et al. 2013).

In the Philippines, particularly in Iligan
Bay, D. kurroides and other round scads have been
exploited along with other small pelagic fishes like
anchovies and sardines (Zaragoza et al. 2004). A
survey conducted from October 2017 to September
2018 reported 59.92 MT of round scads in the different
fish landing sites around Iligan Bay, of which 22.80%
(13.66 MT) were D. kurroides (Jimenez et al. 2020a).
Moreover, its population trend is diminishing due to
excessive fishing, evidenced by 400% capture increases
reported in China, Hong Kong, Indonesia, Taiwan,
the Philippines, and Singapore since 1978 (Smith-
Vaniz et al. 2018). However, despite its economic
importance, there is a dearth of information regarding
its reproductive biology in the Philippines and
elsewhere. This study was the first attempt to describe
the reproductive characteristics of the commercially
important D.  kurroides.  Existing literature
concerning D. kurroides mainly dealt with stock
assessments and growth studies (Lavapie-Gonzales
1991; Lavapie-Gonzales et al. 1997; Pastoral et al. 2000;
Wang et al. 2011; Palla et al. 2018; De Guzman and
Rosario 2020), the concentration of trace elements in
the tissues (Agusa et al. 2005), morphology (Chang et
al. 1976; Tzeng et al. 2003), and parasitic infestation
(Ho et al. 2000; Amin et al. 2011; Cruz-Lacierda and
Nagawasa 2017) while reproductive biology studies
were limited only to other Decapterus species (i.e.,

Tiews et al. 1971; McBride et al. 2002; Ohshimo et al.
2006; Shiraishi et al. 2010; Rada et al. 2019).

Henceforth, this study was conducted
to describe the reproductive characteristics of D.
kurroides, such as sex ratio, macroscopic gonad
development, gonadosomatic index (GSI) evolution,
fecundity, and length at first maturity. The continuous
exploitation of D. kurroides without regulatory
measures such as catch quotas, imposition of the
closed fishing season, and minimum legal-size limit
potentially inflict a deleterious effect on the resource.
Therefore, baseline information on the reproductive
characteristics of D. kurroides from this study provides
the necessary science-based support for resource
management. Understanding reproductive dynamics
is key to adopting effective strategies for sustainable
management and conservation of exploited fishery
resources (Neves et al. 2020).

2. MATERTIALS AND METHODS
2.1 Study area

Iligan Bayis one of the most productive fishing
grounds in the southern Philippines (Abrea et al. 1986).
It is Northern Mindanao's largest bay, connecting to
the Bohol Sea, one of the Philippines' most important
traditional fishing grounds for round scads (Pastoral et
al. 2000). It is bordered on the northeast by Gitagum,
Misamis Oriental, and on the northwest by Plaridel,
Misamis Occidental. The southern part is bounded on
the west by Clarin, Misamis Occidental, and on the
east by Maigo, Lanao Del Norte. Iligan Bay is located
between coordinates 8° 30" 31" north and 123° 43' 15"
east (Fig. 2). The Bay's mouth is 350 miles wide and
covers an estimated 2000 square kilometers (Camarao
1983). Data from MODIS Aqua satellite and MERRA
2 Model in 2002-2016 showed that Iligan Bay has a
mean sea surface temperature of 28.98+0.06 °C, an
ocean rainfall of 6.19+0.24 mm day-1, a chlorophyll-a
concentration of 0.30+0.01 mg m-3, and euphotic
depth of 73.35£0.80 m (giovanni.gsfc.nasa.gov).
Furthermore, there are around 165 fish species caught
in Iligan Bay, including D. kurroides, D. macrosoma, D.
macarellus, and D. tabl (Jimenez et al. 2020a). A total
of 6,809 fishing boats operate in Iligan Bay, of which
69% are motorized while 31% are non-motorized,
with 34 fishing gear types and methods (Jimenez et al.
2020a). Moreover, spatial mapping of fish aggregating
devices (FADs), locally known as "payao," recorded
138 units in Iligan Bay which are used to attract fishes
such as tuna and round scads (Jimenez et al. 2020b;
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Figure 2. Locations of the landing sites around Iligan Bay where fish samples were collected from

commercial and municipal landed catch

Beverly et al. 2012). Before the conduct of the study,
proper coordination and permission with the different
local government units (LGUs) through the Municipal
Agriculture Office (MAO) and the Municipal
Environment and Natural Resources Office (MENRO)
were established.

2.2 Data collection

Specimens of D. kurroides were collected
monthly (n = 217) from October 2017 to September
2018 in nine landing sites around Iligan Bay. Individual
total body length was taken from the tip of the snout
to the extended end of the caudal fin origin vertically
to the ventral midline of the body using a tape
measure to the nearest 0.1 cm, while wet body weight
was measured to the nearest 1 g using Tanita® SD-004
digital weighing scale (Gaygusuz et al. 2006; Al Nahdi
etal. 2016). After the length and weight measurements
were acquired, D. kurroides samples were sexed. Since
there were no external morphological characteristics
to determine the sexes of D. kurroides, samples were
dissected, and sexes were determined through visual

examination of the gonads (McBride et al. 2002).
Male gonads (Fig. 3A) appeared white with a smooth
appearance, while female gonads (Fig. 3B) had a
yellow to brown color with a granular appearance.
Gonad weight was measured to the nearest 0.01 g
using a pocket digital weighing scale.

Gonad maturity of D. kurroides samples was
determined through visual examination of the gonads
following the maturity scale adapted from Sreenivasan
(1981, see Table 1) for Decapterus macrosoma with
modifications based on Brown-Peterson et al. (2011).
The scale utilized the proportion occupied by the
gonad in the body cavity and the general physical
characteristics of the gonads.

Fecundity, or the total number of eggs in
a female gonad, was determined using ripe female
gonads (Stage I'V) only to ensure that oocytes included
in the count were sufficiently destined to be spawned
(Murua et al. 2003). Therefore, fecundity estimation
with earlier or latter stages of gonad maturity may
cause overestimation or underestimation of fecundity.
Fecundity estimates were obtained following the
gravimetric method (Bagenal and Tesch 1978; Murua

1¢cm

Figure 3. Male (A) and female (B) gonads of Decapterus kurroides from samples collected in Iligan Bayt
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Table 1. Gonad maturity scale with descriptions of the different gonad maturity stages (Sreenivasan 1981; Brown-Peterson et al. 2011)

Maturity Stages

Ovary

Testes

Stage I: Immature

Thin, small, tubular, pinkish, and occupies
1/3 of the body cavity. Blood vessels are not
distinct.

Thin, pale pinkish, slightly flattened, and
occupies 1/3 of the body cavity.

Stage II: Developing

Large, tube-like, dusky yellow occupies 1/2
of the body cavity. Blood vessels start to
appear.

Pale whitish and occupies 1/2 of the body
cavity.

Stage III: Mature

Bright yellow and occupies 3/4 of the body
cavity. Blood vessels are very distinct.

Whitish and occupies 3/4 of the body
cavity.

Stage IV: Ripe

Bright yellow and occupies the whole-body
cavity.

Whitish and occupies the whole-body
cavity.

Stage V: Running

The body cavity is wholly filled with the pale
yellowish ovarian lobes. Ovary walls are thin,
and eggs extrude under slight pressure.

Testis occupies the whole-body cavity,
and sperm extrude under slight pressure.

Stage VI: Spent

Ovaries are bloodstained and flaccid,
occupying 1/4 to 3/4 of the body cavity.

Bloodshot and shrunken occupying <3/4
of the body cavity.

Stage II*: Recovering

Small, tubular, and pale reddish to pinkish
with visible blood vessels.

Pale reddish occupying less than 1/3
of the body cavity. Body wall appears

wrinkled.

et al. 2003). Three aliquot samples were isolated in
each gonad lobe and were weighed using Ohaus®
Pioneer™ analytical balance to the nearest 0.001 g.
Each aliquot sample was fixed in a fabricated 1 cc
counting chamber, and mercury-free Gilson's fluid
was added to enhance the separation of individual eggs
(Friedland et al. 2005). Images of each aliquot sample
were obtained using Olympus® TG-4 digital camera
in microscope mode, which were then processed
in Microsoft Windows® Paint 3D™ for image quality
adjustments prior to counting.

Meanwhile, environmental  parameters
such as sea surface temperature, precipitation,
chlorophyll-a concentration, and surface wind
speed for each sampling month were obtained from

) ’ -
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the Giovanni online data system, developed, and
maintained by NASA GES DISC (Acker and Leptoukh
2007). Remote sensing data of the variables mentioned
above were obtained in the form of NASA standard
time-series area average visualization, produced by
computing spatial averages over the user-selected
area from October 1, 2017 to September 30, 2018. The
region of interest (user-selected area) was selected
via a bounding box through coordinates 123.8544,
8.2612, 124.2389, 8.6017, pinpointing Iligan Bay (Fig.
4). Dataset search was done through variable selection
using the keyword search. Monthly data were
downloaded as Microsoft Excel Comma-Separated
Values (.csv) file to avoid data gaps in other resolutions
such as daily, 3-hourly, or hourly resolutions.
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Figure 4. Location of the region of interest (orange box) or the user-selected area (bounding box
coordinates; 123.8544, 8.2612, 124.2389, 8.6017) for dataset generation
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2.3 Data management and analysis

The percent occurrence of the different
gonad maturity stages was determined monthly for
each sex. Gonad development and spawning season
of D. kurroides in the sampling area were determined
through the gonadosomatic index (GSI) evolution.
Sex-specific GSI, which is the proportion of the gonad
mass to the body mass of the fish, was calculated for
each sample following the formula recommended by
McBride et al. (2002):

Gonad weight
G5I =

100
Bodyweight — Gonad weight *

Mean monthly GSI values were computed
by dividing the total GSI values of each month by the
corresponding number of fish examined.

The number of eggs contained in a female
gonad was calculated using the formula recommended
by Murua et al. (2003):

F=(Z(0,/W))/nxW,

Where F is the fecundity, O; is the number
of eggs in the aliquot sample, Wi is the weight of the
aliquot sample, W, is the weight of the whole ovary/
gonad, and # is the number of aliquots.

Length at maturity, denoted as Lm, is
the length at which 50% of the fish population has
reached maturity (Nandikeswari 2016). Only mature
collected fish samples were included in this analysis.
The cumulative percentage of samples was calculated
against their length groups at 1 cm class intervals.
A logistic function was fitted to the cumulative
percentage of samples for each body size class using
least squares regression to estimate the total length
(TL) at 50% maturity (Lso). The maturity curve was
constructed by plotting the cumulative percentage
against length groups in a logistic curve. The male
and female L. were estimated separately following
the equation of a logistic function (Karna and Panda
2011):

M (TD) = o Ty

Where M(TL) is the mean length at TL, and
a and b are constants.

Decapterus kurroides Bleeker, 1855 in Iligan Bay, Southern Philippines

2.4 Statistical analysis

The normality of data was assessed using the
Shapiro-Wilk Test. The difference between male and
female total lengths, body weights, and the number of
samples was tested using Student’s T-test. The sex ratio
of D. kurroides expressed as the number of females to
males in the monthly sample (Schill et al. 2010) was
investigated by month. The Chi-square goodness of fit
test was used to determine if the monthly sex ratio had
deviated from the ratio of 1:1 at a 95% confidence level
(Quang et al. 2015).

To establish the relationship between
environmental parameters and gonadosomatic index,
between male and female monthly mean GSI, between
fecundity and the total length, between fecundity and
body weight, and between fecundity and gonad weight,
simple linear regression analyses were conducted.
Moreover, the correlation between male and female
mean monthly GSI was determined using Pearson
product-moment correlation coefficient. All statistical
tests were analyzed using the Paleontological Statistics
(PAST) software (v.4.03) (Hammer et al. 2001).

3. RESULTS
3.1 Size composition

A total of 1,349 D. kurroides samples were
collected from landed catches from October 2017
to September 2018 in Iligan Bay. Individuals ranged
from 9.20 cm to 44.50 cm in total length (TL) and
7.00 g to 864.00 g in body weight (Table 2). Male D.
kurroides had larger sizes in terms of mean total length
(17.7240.19 cm) and mean body weight (67.26+3.44
g) than females. Although there was no significant
difference between male and female total lengths (t
= 1.31, df = 1,348, p = 0.19), body weights differed
significantly between sexes (t = 2.52, df = 1,348, p =
0.01). Length-frequency distribution showed that
most of the male (33.76%) and female (34.38%) D.
kurroides were in the 15.00-18.00 cm TL size class
(Fig. 5).

3.2 Sex ratio

From the 1,349 D. kurroides samples
collected, females were more prevalent (53.89%)
than males (46.11%), with a female-to-male ratio of
1.2:1 (Table 3). The number of female and male D.
kurroides during the sampling period did not differ
significantly (t = 0.74, df = 11, p = 0.46). However, the
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Table 2. Minimum, maximum, and mean values of total length (cm) and body weight (g) of male, female, and pooled samples of Decapterus
kurroides in Iligan Bay

Sex n Total Length (cm) Body Weight (g)
Min Max Mean+SEM  Min Max Mean+SEM
Male 622 10.20 44.50 17.72£0.19  9.00 864.00 67.26 £ 3.44
Female 727 9.20 31.40 17.42+0.13  7.00 281.00 58.27 £ 1.48
Pooled 1349 9.20 44.50 17.56 £0.11  7.00 864.00 62.42+1.78
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Figure 5. Length-frequency distribution of male (n=622) and female (n=727) Decapterus
kurroides samples collected in Iligan Bay

Table 3. Monthly sex ratios (female:male) and statistical test for deviation for Decapterus kurroides in Iligan Bay

Number of Samples Statistical test for deviation
Sampling Months Female Male Total Sex Ratio x2 p-value
(df=1)

October 2017 8 9 17 1:1.1 0.06 0.81
November 2017 28 13 41 1:0.46 5.49 0.02*
December 2017 31 12 43 1:0.39 8.40 <0.05*
January 2018 53 51 104 1:0.96 0.04 0.84
February 2018 49 39 88 1:0.80 1.14 0.29
March 2018 73 49 122 1:0.67 4.72 0.03*
April 2018 102 85 187 1:0.83 1.55 0.21
May 2018 98 66 164 1:0.67 6.24 0.01*
June 2018 70 66 136 1:0.94 0.12 0.73
July 2018 77 73 150 1:0.95 0.11 0.74
August 2018 79 103 182 1:1.3 3.16 0.08
September 2018 59 56 115 1:0.89 0.08 0.78
Pooled 727 622 1349 1.2:1 8.17 <0.05*

*significant at 5% level (xt1, 0.0s = 3.84)
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female-to-male ratio deviated significantly from 1:1
(x* = 8.17, df = 1, p = 0.004). Monthly data showed
that females generally predominated the samples,
but males were more common in October 2017
and August 2018. All computed sex ratios deviated
from the theoretical sex ratio of 1:1, yet significant
deviations were only observed in November 2017,
December 2017, March 2018, and May 2018.

3.3 Gonad maturity stages and gonadosomatic
index (GSI)

All stages of gonad maturity were observed
during the study period; however, the percent
occurrence of such stages varied monthly for both
sexes (Figure 6). Immature individuals dominated the
samples (42.18%), while those in the recovering stage
were the least abundant (2.74%). The immature stage
was more pronounced for both sexes from January
2018 to September 2018, although immature males
were overwhelmingly abundant in October 2017.
Furthermore, individuals with mature gonads were
relatively abundant during December 2017 for both
males (58.33%) and females (61.29%). Meanwhile,
the gonadosomatic index (GSI) varied significantly
(t =4.37, p = <0.05) between males and females, and
fluctuations in GSI mean monthly values were evident
as presented (Fig. 7). Male and female D. kurroides,
having multiple peaks within a year, attained a major
peak on December (male GSI = 1.53%; female GSI =
4.81%) and sharply declined on February (male GSI =
0.36%; female GSI = 0.57%) and started to peak again
on March (male GSI = 0.72%; female GSI = 2.41%).
Female spawning waned in April (GSI = 1.93%) while

that of the male was slightly prolonged (GSI = 0.91%),
then both marginally receded in May (male GSI =
0.91%; female GSI = 1.73%) with minimal fluctuations
until September. Monthly GSI monitoring showed
that the GSI of male and female D. kurroides fluctuated
simultaneously, at least most of the months, with few
exceptions. However, this simultaneous fluctuation
appears to be weak (R = 0.21, p = 0.51). The changes in
the percent occurrence of the different maturity stages
coincided with the fluctuations in GSI. Moreover,
simple regression analysis showed that variability in
GSI was more explained by sea surface temperature
(R*=0.13,F(1,10) =1.47,R=0.36, p = 0.25) compared
to chlorophyll a concentration (R* = 0.10, F(1,10)
= 1.06, R = 0.31, p = 0.33), precipitation (R? = 0.08,
F(1,10) = 0.85, R= 0.28, p = 0.38), and surface wind
speed (R? = 0.11, F(1,10) = 1.29, R = 0.33, p = 0.28)
as shown in Fig. 8. Values of the four environmental
variables determined during the sampling period were
presented in Table 4.

3.4 Length at sexual maturity

The length at which 50% of the females
and males of D. kurroides attain sexual maturity was
calculated at 17.2 cm TL and 17.6 cm TL, respectively,
as shown by the maturity curve (Fig. 9 A-B). Length-
frequency data revealed that 48.83% of females and
56.27% of males in the collected samples had a length
of less than the calculated length at sexual maturity.
Furthermore, 22.42% of females and 22.52% of males
in the collected samples were already mature before
reaching the calculated length at sexual maturity.
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Figure 6. Percent occurrence of different gonad maturity stages of male and female Decapterus kurroides
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precipitation, and (D) surface wind speed in Iligan Bay.

Table 4. Minimum, maximum, and mean values of environmental variables in Iligan Bay obtained from NASA GES DISC from October 1,
2017 to September 30, 2018

Variables Unit Minimum Maximum Mean+SEM
Sea surface temperature °C 28.10 29.85 29.11+0.18
Precipitation mm day* 1.17 11.34 6.11+0.76
Chlorophyll a concentration mgm> 0.16 0.33 0.24+0.01
Surface wind speed ms! 2.74 5.49 4.55+0.20
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Figure 9. Estimated length at 50% maturity of female (A) and male (B) Decapterus kurroides in Iligan Bay. (Blue lines
indicate observed length at 50% maturity while red lines indicate predicted length)

3.5 Fecundity

Absolute fecundity was determined in 71
samples with sizes ranging from 13.80 cm TL to 23.2
cm TL with corresponding body weights ranging from
25.00 g to 128.00 g. The absolute fecundity ranged
from 6,416 to 197,672 eggs (mean: 61,733 + 3955) for
the gonads weighing between 0.50 g - 11.75 g. The
linear relationship between fecundity (F) and total
length (L), body weight (W), and gonad weight (WO)
were established as: F = -24406.26 + 4688.65 L (R? =
0.075, F(1,69) = 9.56, R = 0.27, p=0.02), F = 23716.54
+603.30 W (R® = 0.14, F(1,69) = 10.86, R = 0.37, p =
0.002), and F = 18359.50 + 15919.36 WO (R? = 0.63,
F(1,69) = 115.74, R = 0.79, p = <0.001), respectively.
Comparatively, variation in fecundity can be more
explained by the variation in the gonad weight of D.
kurroides than by total length and body weight.

4. DISCUSSION

Decapterus kurroides commonly have alength
of 30.00 cm but can grow to 45.00 cm in total length
(Belga etal. 2018). The maximum length of male (44.50
cm TL) and female (31.40 cm TL) D. kurroides in Iligan
Bay were substantially larger than those reported from
Palawan (21.4 cm) (Palla et al. 2018), Lingayen Gulf
(25.5 cm) (De Guzman and Rosario 2020), Visayan Sea
(28.5 cm), Davao Gulf (24.5 cm) (Lavapie-Gonzales
1991), and Samar Sea (29.5 cm) (Lavapie-Gonzales
et al. 1997). This variation in the observed maximum
size of D. kurroides between different geographic
locations could result from inherent differences in
growth between sub-populations as observed in other
marine fishes such as T. lepturus (Clain et al. 2021)

or could be attributed to spatial variation in fishing
pressure and habitat condition (Wilson et al. 2010).
Although maximum lengths of male and female D.
kurroides in Iligan Bay are relatively larger, sizes are
more common in the 15.1 cm to 18.0 cm TL despite
exhaustive sampling from landed catch in several
landing sites possibly because of size-selective fishing
in which D. kurroides are harvested primarily by ring
net. Size-selective fishing is projected to alter the size
structure of an exploited fish resource toward small
individuals (Chen et al. 2018). Increasing exploitation
intensity through fishing could significantly reduce
large individuals' relative abundance (Graham et al.
2005).

The dominance of female D. kurroides in
the randomly collected samples was also observed
in other round scad species, such as the Decapterus
russelli in Malabar Coast, India (Manojkumar 2005)
and Decapterus macarellus in Ambon, Indonesia
(Silooy et al. 2021). The deviation from the 1:1 ratio
is unlikely for most aquatic organisms, such as fishes
(Khatun et al. 2018). However, many populations have
been observed to have consistently biased sex ratios
(Reichard et al. 2014). The female-biased sex ratio
of D. kurroides in Iligan Bay could be a good indicator
of the reproductive potential of fish communities
as determined by the number of females available
for oocyte production according to Sululu et al
(2022) based on D. macarellus samples in Bagamoyo,
Tanzania. Meanwhile, the male-dominated sex ratio,
which was observed in October 2017 and August
2018, is not uncommon, as it has been observed
in other Decapterus species (Poojary et al. 2015;
Widiyastuti et al. 2020), but this may have detrimental
effects on the population and viability of the stock
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(Ospina and Piferrer 2008).

Based on the progression of the
gonadosomatic index and the proportion of developed
gonads, D. kurroides spawning in Iligan Bay peaks in
December, with smaller spawning events occurring
in March and August. The correlation of GSI to sea
surface temperature and chlorophyll-a concentration
during the sampling period demonstrates that the peak
spawning of the species in December can be attributed
to the temperature of the surrounding environment
and food availability (Wootton 1990). Due to the
nutrient supply brought about by the rainy season, the
relatively high dry season temperatures (December to
May) are conducive to plankton growth (Gonzales et
al. 2021). In the case of D. kurroides in Iligan Bay, a
relatively high chlorophyll-a concentration (0.27 mg
m-3) in December allows larvae to receive enough
food for growth and survival. As this is the first attempt
to characterize the reproduction of D. kurroides, there
are no comparable data on the spawning period. The
multiple spawning peaks displayed by D. kurroides in
Iligan Bay are comparable to those seen in other round
scad species, including D. macrosoma in San Fernando,
Romblon (Rada et al. 2019), D. macarellus in Cabo
Verde, Lisbon, Portugal (Costa et al. 2020), and D.
russelli in India (Poojary et al. 2015). The presence
of individuals with mature, ripe, and running gonads
throughout the year in varying degrees may indicate
a prolonged spawning for D. kurroides, similar to D.
russelli (Poojary et al. 2015) or it may be attributable
to the partial spawning behavior of round scads.
Consequently, D. kurroides spawns year-round,
which is consistent with the observations of Lowe-
McConnell (1987) and Longhurst and Pauly (1987)
about other tropical marine fishes.

In this study, the length at maturity of
male and female D. kurroides is estimated for the
first time. In Mangaluru Coast, India, round scads,
especially D. russelli, mature at a length of 16.0-18.0
cm TL (Ashwini et al. 2016), similar to D. kurroides in
Iligan Bay. In contrast, D. macrosoma, which has a
maximum length of 35.0 cm (Smith-Vaniz 1986),
would achieve maturity between 18.0 cm and 20.0 cm
in the waters of Palawan and Manila Bay (Tiews et al.
1971). The exceptionally low length at maturity of D.
kurroides may represent a compensatory reaction of
the resource to elevated mortality caused by fishing
(Rochet and Marty 2009). Although the naturally
large D. kurroides matured at a smaller size than smaller
species of round scad, it is important to note that size

at maturity is influenced by multiple factors, including
genetic differences, environmental variables, fishing
pressure, and food availability (Alm 1959; Wootton
1990). However, this smaller size at maturity in D.
kurroides may offer a selective advantage under heavy
fishing pressure, as late-maturing individuals are more
likely to be captured prior to sexual maturity (Borisov
1977; Beacham 1983; Rowell 1993). Meanwhile, the
observed harvesting of D. kurroides in Iligan Bay
before reaching its length at maturity indicates that the
resource is being exploited irresponsibly and may lead
to growth overfishing in which small individuals are
deliberately harvested before they have had the chance
to reproduce (Diekert 2012). The overexploitation
of juveniles or immature individuals may negatively
impact future recruitment and stock conservation
(Myers et al. 1997). The early maturation seen in D.
kurroides in Iligan Bay may imply that the species is
evolving toward earlier maturation prior to reaching
the length at maturity to ensure survival (Borisov
1977; Rago and Goodyear 1987; Law and Grey 1989;
Law 2000), as a significant percentage of individuals
below the length at maturity are caught during fishing
activities in the bay.

Fecundity is an essential aspect of the
life history of fish populations (Bagenal 1973), but
data are less available than other aspects of the
reproductive biology of fishes (Tomkiewicz et al.
2003). Fecundity estimates for D. kurroides in this
study are the first record for the species. Its maximum
fecundity of 197, 672 eggs per female is relatively
higher than D. russelli, which recorded a maximum
absolute fecundity of 152,123 eggs per female (Poojary
et al. 2015), and D. macrosoma with 106,000 eggs per
female (Tiews et al. 1971). With this, D. kurroides in
Iligan Bay has a higher potential number of offspring
and higher reproductive capacity than other round
scad species. Although it is known that fecundity
varies with body length and weight (Lambert 2008),
the relationship is not clear in this study. However,
the relationship between fecundity and gonad
weight showed that for D. kurroides, the number of
eggs increases in proportion to gonad weight. This
indicates that gonad weight could be used in accurately
estimating the fecundity of D. kurroides than the body
length and weight (Bhatt et al. 1977). In either case,
like any other fishes, the fecundity of D. kurroides may
be affected by several factors such as female size, egg
size, reproductive strategy, spawning pattern, and
modulation by environmental conditions (Lambert
2008), which were not explored in this study.
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