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— ABSTRACT

The genus Decapterus, locally known as roundscads or galunggong, is one of the most harvested pelagic
fishes in the Philippines and is considered a common source of protein among Filipinos. It was known as
“poor manss fish” in the 1990s because of its cheap price and abundant supply. However, its production has
been substantially decreasing since 2007, which consequently affects its price. This review paper analyzed
published research papers, the National Stock Assessmement Program (NSAP), Philippine Statistics Authority
(PSA) databases, and technical reports to identify the current status of the biology, ecology, fisheries, and
management of roundscads in the Philippines. At the end, research gaps were identified to streamline future
research. Proper monitoring of stocks and integration of multiple management approaches are recommended

to design a sustainable management plan for the fisheries of roundscads.
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1. INTRODUCTION

The Philippines is the center of the center of
marine biodiversity (Carpenter & Springer
2005; Hoeksema 2007). It is surrounded by the
South China Sea in the west, the Pacific Ocean in the
north and east, and the Celebes Sea and Sulu Sea in
the south. It has 266 thousand km? of coastal waters
and 1.93 million km? of oceanic waters, for a total of
2.20 million km? of territorial waters (BFAR 2022).
The 12% coastal waters (Barut et al. 2003) are made
up of narrow continental shelves, deep and isolated
basins, and steep slopes thar are connected by shallow
sills (Villanoy et al. 2011). Its varying bathymetry and
warm water create different habitats for rich marine
biodiversity.

One of the most economically important
pelagicfishes in the Philippines is the genus Decapterus,
locally known as “roundscads” or “galunggong” The
genus Decapterus is a small pelagic fish characterized

by the absence of scutes in the anterior curved part
of the lateral line, two papillae on the shoulder girdle,
and a single finlet posterior to the anal and dorsal fins
(Smith-Vaniz 1999). It is available in the Philippines
all year round (Calvelo 1992) and has similar taste
and texture to chub mackerel (Rastrelliger Jordan &
Dickerson, 1908) (Tiews etal. 1971). Before World War
II, the production of roundscads in the Philippines
was low. However, the introduction of purse seine and
bagnet fisheries and the improvement of light fishing
caused a massive increase in its production (Ronquillo
1970).

Currently, roundscads ranked third in the
major marine harvests in the Philippines. The catch of
roundscads alone contributes to 4.60% of the 4,403.71
metric tons of fisheries production in 2020 (Philippine
Statistics Authority 2020). However, there are reports
of decreasing production of roundscads. The annual
production of roundscads in 2020 is 202.66 thousand
metric tons (Philippine Statistics Authority 2020),
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which is lower than the production in 2013 by 25.83%
(PSA 2013). As a consequence, its average retail price
continues to rise. From an average retail price of 26
pesos per kilogram in the 1990s, it soared to 107.68
pesos in 2012 and 185.23 pesos in 2021 (Bureau of
Agricultural Statistics 2001-2013, PSA 2013-2021). It
is no longer a poor man fish, contrary to its label in
the 1990s (Ani 2016).

The development of roundscads fisheries
in the 20* century was supported by various studies
on their production, recruitment pattern, biology,
and stock assessment. These were consolidated in
the seminal papers of Ronquillo (1970, 1973), Pauly
& Navaluna (1983), Ingles & Pauly (1984), Calvelo
& Dalzell (1987), Lavapie-Gonzales (1991), Calvelo
(1992), and Lavapie-Gonzales et al. (1997). The papers
of Ronquillo (1970, 1973) and Calvelo & Dalzell
(1987) focused on roundscad fisheries, while the
remaining papers dealt with population structures
like growth rate, mortality, and recruitment. The only
review paper that focuses on both the biology and
fisheries of roundscads in the Philippines is by Calvelo
(1992). After three decades, there is a need to have an
updated review of the fisheries, biology, and ecology of
roundscads in the Philippines.

This review paper consolidates information
on roundscads in the Philippines from papers
published from 1950 to May 2023, accessed from
The Philippine Journal of Fisheries (TPJF) and
Google Scholar, with keyword combinations such
as “Roundscads + Philippines” and “Decapterus +
Philippines” The production, importation, and prices
of roundscads were retrieved from the databases of the
National Stock Assessment Program (NSAP) and the
Philippine Statistics Authority (PSA). Only published
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Figure 1. Genus Decapterus Bleeker.

papers in peer-reviewed journals were considered.
This updated review will succinctly present the current
understanding of roundscads in the Philippines,
highlight gaps, and recommend actions for their
sustainable management.

2. BIOLOGY
2.1.Taxonomy

The genus Decapterus (Bleeker, 1851) is
classified under the phylum Chordata, subphylum
Vertebrata, infraphylum Gnathostomata, superclass
Actinopteri, order Carangiformes, family Carangidae,
and subfamily Caranginae. Members of the order
Carangiformes have adherent cycloid scales and one
to two tubular ossifications around the extension
of the nasal canal. Like the members of the family
Carangidae, genus Decapterus has two detached
anal spines in the anal fin, two dorsal fins, a forked
caudal fin, a slender peduncle, and a deep and laterally
compressed body (Fig 1) (Nelson et al. 2016). The
genus Decapterus has scutes covering the straight
portion of the lateral line, as shared with the subfamily
Caranginae (Nelson et al. 2016). Decapterus species
have the following shared characteristics: a pair of
finlets after the anal and second dorsal fins; well-
developed adipose eyelids; the absence of scutes in
the anterior part of the lateral line; a pair of finlets
posterior to the second dorsal fin and anal fin; and two
papillae in the shoulder girdle (Gushiken 1983, Smith-
Vaniz 1999). Like other pelagic fishes, it displays
countershading, which may appear silvery ventrally
and bluish dorsally (Smith-Vaniz 1999).
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with eight spines
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There are 11 validly accepted species under
the genus Decapterus, namely D. punctatus (Cuvier,
1829); D. ruselli (Ruppell, 1830); D. macarellus (Cuvier,
1833); D. maruadsi (Temminck & Schlegel, 1843); D.
muroadsi (Temminck & Schlegel, 1844); D. macrosoma
Bleeker, 1851; D. akaadsi Abe, 1958; D. koheru (Hector,
1876); D. kurroides Bleeker, 1855; D. tabl Berry, 1968;
and D. smithvanizi Kimura, Katahira & Kuriiwa, 2013.
In the Philippines, there is inconsistency in the total
number of reported roundscads. Herre (1953) declared
that there are four species, namely D. macrosoma, D.
russelli, D. kurroides, and D. lajang. However, Tiews et
al. (1971) have concluded that D. lajang is inseparable
from D. macrosoma. Currently, D. lajang is considered
a synonym of D.russelli and is usually misapplied to
D. macrosoma (Smith-Vaniz 1999). Rau & Rau (1980)
and Schroeder (1980) reported the presence of D.
maruadsi and D. macarellus in Philippine waters.
Moreover, Delloro et al. (2021) reported the presence
of D. smithvanizi in the coastal waters of Panay Island.
Although there is no taxonomic paper that first
reported the presence of D. tabl in the Philippines,
there are stock assessment studies of D. tabl (e.g.,
Belga et al. 2013, Villanueva et al. 2018). The presence
of D. akaadsi in the Philippine waters may not yet be
confirmed. Although Smith-Vaniz et al. (2018a) in
IUCN Red List Assessment included the Philippines
in the natural range of D. akaadsi, there could have
been an error in the generation of the listing, especially
since references in the IUCN assessment did not
explicitly report the presence of D. akaadsi in the
Philippines. Moreover, there are no published journal
articles or technical reports that provide evidence for
its presence in the Philippines. Its suspected extension
range in the Philippines requires further evidence.
Taken together, the Philippines has seven confirmed
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species of roundscads, which include D. macrosoma,
D. macarellus, D. maruadsi, D. russelli, D. kurroides, D.
tabl, and D. russelli. The general information for each
species is shown in Tables 1 and 2.

2.2 Life stages

In terms of gonad development, individual
rounscads can be classified into six stages: immature
(I), developing (II), mature (III), ripe (IV), running
(V), and spent (VI). These are identified based on
the appearance and location of the ovary and testes
(Brown-Peterson et al. 2011). The percent occurrence
of these stages per month can aid in determining their
reproductive behavior. However, there are limited
studies that explore the percent occurrence of these
stages among roundscad species.

Generally, roundscads that are available in
fisheries are juveniles (Stages I and II) (Tiews et al.
1971). Mature roundscads leave the fisheries to breed
in unknown waters (Magnusson 1968), and few were
observed returning to their fishing grounds except for
some stragglers (Ronquillo 1970).

2.3 Sex ratio

The majority of pelagic fishes are sexually
monomorphic, in which sexes can only be
differentiated by gonad examination. However,
Uba (2019) had observed sexual dimorphism in
D. macrosoma through morphometric analysis of
their body shape. The landmark-based geometric
morphometric analysis of D. macrosoma samples from
the Northern Sulu Sea reveal that females have deeper
body depth, a bigger head, a wider caudal fin, and a
broader belly. Although these were not as evident as

Table 1. List of Decapterus species in the Philippines and their basic information. Common names are from Fishbase (Froese & Pauly 2023).

Species Local Name Common Name  Depth (m) IUCN Status

D. macrosoma Galunggong lalaki Shortfin scad 30-170 Least Concern (Smith-Vaniz &
(Myers 1999) Williams 2016)

D. macarellus Galunggong balsa Mackerel scad 40-200 Least Concern
(Smith-Vaniz 1986) (Smith-Vaniz et al. 2015a)

D. russelli Galunggong babae Indian scad 40-275 Least Concern (decreasing) (Collen
(Pauly et al. 1996) etal. 2010)

D. maruadsi Galunggong Japanese scad 0-20 Least Concern (Smith-Vaniz et al.
(FAO-FIGIS 2001) 2018b)

D. tabl Galunggong/Pulang-buntot Roughear scad 150-220 (Cervigon et Least Concern (stable) (Smith-Vaniz
al. 1992) etal. 2015)

D. kurroides Burot/Budloy/Tabilos/ Redtail scad 100-300 Least Concern (decreasing) (Smith-

Butsawan/ Pulang-buntot

D. smithvanizi Galunggong/Pulang-buntot

Slender red scad

(Smith-Vaniz 1986) Vaniz et al. 2018¢)

Least concern (Smith-Vaniz et al.
2018d)

Unknown
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sexual dimorphism through colors, the differences in
body shape can be used as a preliminary examination
that should be further supplemented with a gonad
examination. No sexual dimorphism is recorded in
other species of roundscads in the Philippines.

The sex ratio in species may vary on location.
Tiews et al. (1971) reported an equal ratio between
males and females in the population of D. macrosoma
and D. russelli in Northern Palawan, but more males
in Manila Bay. The variation in the sex ratio among
populations may be influenced by environmental
factors like temperature (Geffroy & Wedekind 2020)
and salinity (Neves et al. 2019). For example, in the
Sibuyan Sea, the sex ratio of D. macrosoma changes
seasonally. Females outnumbered males during
September and October, but there was an equal ratio
in the months of May (Rada et al. 2019). The same
pattern is also being observed in the population of
D. kurroides population in Iligan Bay (Dela Rosa et
al. 2022). In Iligan Bay, females of D. kurriodes are
more dominant in the rest of the months except in
February, when the sex ratio is 1:1 (Dela Rosa et al.
2022). The difference between males and females is
more prominent in October and December, which
coincides with the peak of spawning season. No sex
ratio data is available for D. macarellus, D.maruadsi,
and D. smithvanizi.

2.4 Spawning

Spawning seasons in fishes vary among
species and location. Roundscads spawn in all year
round (Ronquillo 1970). However, there are only a
few studies in the Philippines that have explored the
peak spawning period of roundscads in these areas.
Among the Philippine roundscad species, only three
species have identified spawning seasons (Table 3). No
records are found for D. macarellus, D. maruadsi, D.
tabl, and D. smithvanizi.

Generally, D. macrosoma in the Philippines
spawns all year-round, but the peaks and length
vary by location. For example, the population of D.
macrosoma in Palawan spawns from November to
March, with peaks in the latter half of the year. The
spawning period in the west of Manila Bay is shortened
and delayed by one to two months compared to
Palawan (Tiews et al., 1971). Moreover, the northern
part of the Sibuyan Sea, particularly on the coast of
San Fernando Romblon, has two spawning periods:
February and August to October (Rada et al. 2019).
Likewise, Romblon Pass and Tablas Strait have two
spawning peaks. Both locations have spawning peaks
in the dry season, but the second peak in Romblon

Pass is delayed by one month compared to Tablas
Strait (Gonzales et al. 2021).

Furthermore, D. russelli in Manila Bay
and Palawan have the same spawning season as D.
macrosoma (Tiews et al. 1971). D. kurroides in Iligan
Bay is also observed to have 3 spawning peaks, but of
unequal strength. A major peak is found in December,
and minor peaks are in March and August (dela Rosa
et al. 2022).

The determination of spawning peaks among
species in different areas is needed in deciding the
timing and span of closed fishing season. For example,
the closed fishing season of roundscads for particular
fishing gears in Northern Palawan is from November
to January (Joint DA-DILG Administrative Order No.
1 series of 2015), which is based on the peak spawning
season of D. macrosoma and D. russelli as identified
by Tiews et al. (1971). The importance of Northern
Palawan in managing the population of roundscads is
also being supported by the findings of Nepomuceno et
al. (2023), in which they found that Northern Palawan
displays the highest density of carangid larvae among
the different areas in the Philippines. However, the
peak season of carangid larval population in Northern
Palawan is in July and September (Nepomuceno et al.
2023), in contrast to the November to March spawning
season of roundscads based on the study of Tiews et
al. (1970). Although Nepomuceno et al. (2023) were
not able to identify the carangid larvae at species level,
there is an emerging need to further explore and update
the peak spawning season of roundscads in Northern
Palawan, especially since spawning may be affected
by water temperature (Lima et al. 2022), salinity,
primary production (Maynou & Raya 2020), and
photoperiod (Abdollahpour et al. 2020). Integration
of DNA barcoding in the identification of fish larvae
and further studies on environmental factors that
affect spawning and recruitment are needed to ratify
the timing and span of the closed fishing season in
Northern Palawan.

2.5 Length at first sexual maturity (L_orL__ )
Length at first maturity refers to the minimum
length at which 50% of the population has reached
sexual maturity andisable to reproduce for the first time
(Stage III). It can be estimated using logistic models
(Chen & Paloheimo 1994) based on microscopic
examination of the gonads and the determination of
gonadosomatic index (GSI) (Fontoura et al. 2009).
The L_ may vary per species and population and may
be affected by environmental conditions and fishing
pressure (Wootton 1990). The L _can be used to assess
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Table 3. Information on the reproductive biology of roundscad species present in the Philippines.

Species Area k (cm/ Total L_(cm) L, (cm) Spawning Sex Ratio References
yr) Length Period (F:M)
(cm)
D. macrosoma Manila Bay  0.65 ND 19.2 April-May  ND Ingles & Pauly
1984
Manila Bay  6-7 ND 19.2 18.0-20.0 April-May F>M Tiews et al.
1971
Palawan 6-7 ND ND 18.0-20.0 November-  1:1 Tiews et al.
March 1971
San ND 11.50-22.00 ND 15.29-17.22  February 0.87:1 Rada et al. 2019
Fernando, F:15.29 August
Romblon M:17.22 -October
(part of
Sibuyan Sea)
Romblon ND ND ND ND December- ND Gonzales et al.
Pass February 2021
April-June
Tablas Strait ND 18.3-23.0 ND F:20.30 October- ND Gonzales et al.
M: 24.36 May 2021
Babuyan ND F:12.1-27.5 ND F:15.31 February-  0.86-0.95:1 Villarao &
Channel M: 12.2-27.5 M: 15.02 May Encarnacion
July- 2023
November
D. russelli Manila Bay  6-7 ND ND 18.0-20.0 April-May F>M Tiews et al.
1971
Palawan 6-7 18.0-20.0 November-  1:1 Tiews et al.
cm/ yr March 1971
D. kurroides Iligan Bay ND M:10.2-44.5 ND ND December  1.20:1 Dela Rosa et al.
F:9.20-31.4 March- 2022
August
D. tabl Davao Gulf ND ND 14.12-17 16.00 ND ND Villanueva
2018
D. macarellus Davao Gulf ~ND ND 24.21-18.8  22.00 ND ND Villanueva
2018

the intensity of fishing pressure for roundscads (see
Retnoningtyas et al. 2023a) and can help in designing
regulations for sustainable fishing practices, ensuring
that roundscads have spawned before being harvested.

There are minimal studies exploring the
reproductive biology of roundscads, and some fishing
grounds need an updated assessment of roundscad
reproductive biology (Table 3). Recent data on the
L_ of roundscads are provided by Rada et al. (2019),
Gonzales et al. (2019), and Villarao & Encarnacion
(2023) for D. macrosoma, Dela Rosa et al. (2022) for
D. kurroides, and Villanueva et al. (2018) for D. tabl
and D. macarellus. All of the recent data is gathered
from a narrow spatial scope and is considered minor
fishing grounds for roundscads. The major fishing
ground, which is Northern Palawan (Tiews et al.
1971, Ronquillo 1973, Patoral et al. 2000, Geronimo
et al 2018), has outdated data provided by Tiews et

al. 1971. The impacts of high fishing pressure and
the implementation of the closed fishing season in
Northern Palawan will be better understood and
evaluated through more updated data on roundscads
L.

2.6 Fecundity

Fecundity is the total number of eggs
produced by females before spawning (Bagenal 1966).
This can be influenced by environmental factors like
dissolved oxygen, level of rainfall, rate of sunshine,
water pH (Issa et al. 2005), and fishing pressure (Rochet
et al. 2000). It is also directly proportional to fish size
and conditions (Kjesbu et al. 1991). Identification
of species fecundity in different locations and times
can aid in the assessment of reproductive potential
and recruitment (Lambert 2008). It can be estimated
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using any or a combination of the following methods:
gravimetric, volumetric, stereometric, dissector, and
auto-diametric (see Murua et al. 2003). There are only
a few species of Philippine roundscads with reported
fecundity. The reports are usually concentrated on D.
macrosoma, D. russelli, and D. kurroides.

As shown in Table 4, there is limited data on
the fecundity of roundscads in the Philippines. The
data on D. macrosoma and D. russelli focused on one
area only and is outdated. These values may change
over time due to the influence of environmental and
evolutionary factors (Issa et al. 2005, Rochet et al.
2000). More recent data was provided by Dela Rosa
et al. (2022) on D. kurroides in Iligan Bay. In general,
the fecundity of roundscads in the Philippines is
understudied and merits further investigation.

Table 4. Fecundity of roundscads in the Philippines.

Species Area Number of Eggs ~ References

D. macrosoma ~ Manila Bay 67,900-106,200 Tiews et al.
& Palawan 1971

D. russelli Manila 28,000-48,000 Tiews et al.
Bay and 1971
Palawan

D. kurroides Iligan Bay  6,416-97,672 Dela Rosa

et al. 2022

2.7 Recruitment

Recruitment is the number of juveniles
that enter fisheries. It is dependent on the size of the
spawning stock and survival of larval population. The
spawning stock size determines the larval population,
but environmental factors like temperature, food
availability, and transport or advection directly affect
recruitment (Houde 2009).

The recruitment pattern of roundscads is
observed all year round, but the number and intensity
of peaks vary depending on location and species
(Table 5). The stocks of D. macrosoma in Manila
Bay, Lagonoy Gulf, and Northern Palawan have one
protracted recruitment peak (Ingles & Pauly 1984,
Ramos et al. 2018), contrary to the stocks in Leyte Gulf,
Tayabas Bay, Tawi-tawi, and Camotes Sea, which have
two pulses or bimodal recruitment, but the primary
pulse is stronger than the others (Lavapie-Gonzales et
al. 1997, Ramos et al. 2018, Aripin & Showers 2000,
Ingles & Pauly 1984).

The stocks of D. russelli in Manila Bay
and Northern Palawan have alternating unimodal
and bimodal recruitment (Ingles & Pauly 1984). In
1958, D. russelli in Manila Bay had one protracted
recruitment peak, followed by two asymmetrical

peaks in the next two years. Conversely, this is also
being observed in the stocks of D. russelli in Northern
Palawan. Two unequal peaks were observed in 1958,
and one protracted peak in 1959.

D. macarellus in Davao Oriental, D. maruadsi
in Tayabas Bay and Davao Gulf (Lavapie-Gonzales
1991, Ramos et al. 2018), and D. tabl in Camotes
Sea (Narido et al. 2016) have unimodal recruitment.
On the other hand, D. kurroides in Davao Gulf, D.
maruadsi in Camotes Sea (Lavapie-Gonzales 1991),
and D. tabl in Tayabas Bay (Ramos et al. 2018) has
bimodal and asymmetrical recruitment.

The observed bimodal and asymmetrical
recruitment patterns of the Philippine roundscads
enumerated above may be influenced by emanating
monsoons, as postulated by Pauly & Navaluna
(1983). The two (2) pulses have a span of four (4) and
eight (8) months, respectively, which is close to five
and seven months of monsoon winds. Specifically,
surface temperature and wind speed can influence
the recruitment of coral reef fishes (Abesamis & Russ
2010). High density and species richness of recruits
are observed when the surface temperature is high
and the wind is weak. Since roundscads may spawn
in shallow waters, the influence of wind and surface
temperature may be evident, but this requires further
studies. The pattern, duration, and timing of the
recruitment of all roundscad species and the influence
of environmental factors should be further explored to
have a sustainable management policy.

2.8 Migration

Roundscads are migratory fishes like other
small pelagics. However, there are no published studies
on the migratory patterns and routes of roundscads in
the Philippines.

2.9 Nutrient content

Roundscads are common source of proteins
among Filipinos (Tiews etal. 1971). In fact, the average
annual per capita consumption of roundscads in 2018
was 3.90 kg, a bit higher than the annual consumption
of milkfish, Chanos chanos, and tilapia, Oreochromis
niloticus, in the same year (PSA 2021). It means that
one Filipino consumed an estimated amount of 3.90
kg of roundscads in 2018. Definitely, roundscads have
been part of the Filipino diet.

Roundcads do not only contain proteins
but also minerals and fatty acids. Specifically,
D.macrosoma is composed of 71.34% edible protein,
28.76% nonedible protein, 74.19% moisture, and
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1.81% minerals (Sulit et al. 1953). D. macrosoma and D.
russelli has substantial fat content, which is 5.20-4.40%
and 6.80-19.30% of their mass, respectively (Tiews et
al. 1971). Roundscads are low-fat fishes, but they can
be a potential source of fish oil. D. macarellus and D.
kurroides were found to have high levels of stearic acid
(Metillo & Aspiras-Eya2014).D. maruadsiwasreported
to be rich in polyunsaturated fatty acids (PUFA) like
eicosapentaenoic acid (EPA) and docosahexaeoic acid
(DHA) (He et al. 2020). Moreover, roundscads have
additional health benefits. D. maruadsi is a potential
source of natural antioxidants (Hu et al. 2020) and
D. macrosoma has antihypertensive properties (Ishak
et al. 2020). Hence, roundscads are considered to be
highly valuable in fisheries, not only because of their
abundance in Philippine waters but also because of
their nutritional content and health benefits. Further
research is needed to explore the other health benefits
of roundscads.

3. ECOLOGY
3.1 Habitat

Roundscads are open-water schooling fishes
that are usually caught in neritic waters, ranging from
40-200 m deep (Calvelo 1992). The depths may vary
among roundscad species, as shown in Table 1. D.
maruadsi is usually caught in the shallowest depth and
is observed to have a high catch per unit effort (CPUE)
in the coastal waters and continental shelf part of the
East China Sea (Hino et al. 2023). D. macarellus, D.
tabl, and D. macrosoma are observed to have high
CPUE in Kuroshio areas and shelf breaks in the East
China Sea (Hino et al. 2023), which supports the
observed depths of these species enumerated in Table
1.

The habitat preference of roundscad species
may also be attributed to environmental factors like
salinity. For example, Tiews et al. (1971) inferred
that the low catch of roundscads inside Manila Bay is
due to the avoidance of roundscads away from areas
with low salinity (< 30 ppt) and a high abundance of
phytoplankton. Moreover, Zhao et al. (2021) reported
a high CPUE of D. maruadsi in areas of the Northern
South China Sea with a salinity range of 32.90-34.00
ppt in the autumn and 31.80-34.00 ppt in the rest of
the year. Therefore, the water depth and salinity of
the water have a significant influence on the habitat
preference of roundscads. However, further research
is needed on the different environmental factors that
characterize the habitat of roundscads.

3.2 Food habits

Roundscads are generalists that feed on
any species of planktons and small fishes (Tiews et
al. 1971). In particular, D. russelli and D. macrosoma
feed on zooplanktons like copepods and smaller fishes
(Tiews et al. 1971, Ronquillo 1970). D. maruadsi is
reported to be a plankton feeder (Yang et al. 2016).
With this diet, roundscads like other small pelagic
fishes play a link between low and high trophic levels.
Small pelagic fishes may exert a “wasp-waist” type of
control that may influence the population dynamics of
planktons and smaller fishes (top-down control) and
larger pelagic predators (bottom-up control) (Rice
1995). In upwelling areas of the tropics, a decrease in
the population of small pelagic fishes has no inferred
influence on plankton biomass but has significant
disruption in upper pelagic predators (Duarte &
Garcia 2004). The influence of roundscads on the
population dynamics of planktons and predators in
Philippines waters could also be explored in the future
to have a holistic and sustainable approach to the
management of fisheries.

3.3 Parasite infestation

Based on the current published studies on
the parasite infestation of roundscads, there are three
groups of parasites. These are the nematodes, isopods,
and myxozoa. Roundscads can be intermediate
hosts of nematode parasites like Anisakis. Nematode
larvae were found in D. macrosoma and D. russelli
collected from Manila Bay and Palawan (Tiews et al.
1971). Although the study lacks the identification of
nematode species, the degree of infestation was found
to be directly related to fish size. Anisakid parasites
were also observed in D. maraudsi, D. macrosoma,
and D. tabl collected in the Caraga Region (Tiempo
et al. 2020). These three species of roundscads were
also infested with Anisakis typica and Raphidascaris
(Ichthyascaris) lophii in samples collected in Tayabas
Bay and Balayan Bay (Dela Cruz et al. 2022). Surveys
on the occurrence of nematode infestations on
roundscad species are few. Although there have been
no reports of anisakiasis among Filipinos, it still poses
a potential health hazard for foodborne allergies
(Umehara et al. 2010).

Norileca indica, a cymothoid isopod,
was also observed in the branchial cavities of D.
kurroides collected in the Panay Gulf (Cruz-Lacierda
& Nagasawa 2017). This is the first report of isopod
infestation among roundscads collected in the
Philippines. The prolonged occupancy of isopods
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on their host fish can cause atrophy of gill filaments,
damage to gill rakers, lesions on gills, pale coloration
of gills, and the formation of deep holes in gill
chamber floor (Kottarathil et al. 2019, Rameshkumar
& Ravichandran 2014). N. indica is known to be host-
specific (Panakkool-Thamban et al. 2016). Although
D. kurroides is the only reported roundscad species
in the Philippines that is infested with isopods, N.
indica was also found in D. russelli in Indonesia
(Pattipeiluhu and Gill 1998). There is a possibility that
other roundscad species in the Philippines may be
infested with isopods, which may affect the conditions
of roundscads.

Myxosporean parasites like Kudoa trachuri
and Kudoa longichorda were isolated from D. tabl
collected in the Philippine Sea, particularly in the
northwest part of the Pacific Ocean (Inoue et al. 2022).
This is the only report of myxosporean infestation
on roundscads in the Philippines. Infested fish with
myxospores develop “post-harvest soft flesh” or “jelly
meat” (Yokoyama et al. 2004), which is characterized
by having macroscopic spots made up of aggregated
spores or pseudocysts and fibrous tissues in the
fish meat (Matsukane et al. 2010). Kudoa may also
cause infections in humans by consuming infested
fishes (Shamsi & Barton 2024). The symptoms like
diarrhea, abdominal pain, nausea, and vomiting can
be misdiagnosed, especially since they may also be
evident in viral and bacterial infections (Tachibana &
Kudoa 2020).

In general, there are few studies exploring the
parasite infestation of roundscads. Although reports
of nematode, isopod, and myxosporean infestation
are scarce, continuous monitoring of these parasites is
recommended to ensure the quality of the roundscads
harvested and the general safety of Filipino consumers.

3.4 Metal contamination

Fish can bioaccumulate different heavy
metals like chromium, copper, lead, cadmium
(Rajeshkumar & Li 2018), manganese (Partridge et al.
2009), arsenic (Pei et al. 2019), and mercury (Burger
et al. 2011). These can be present in their liver, gills,
muscles, head, and other internal organs (Garai et al.
2021). Once the fish has been consumed by humans,
it can cause health issues. Like other fish, roundscads
can bioaccumulate pollutants in water.

There are reports on the bioaccumulation
of lead, cadmium, and mercury by roundscads. For
example, the roundscad samples collected in Nepa-Q
Mart, a market in Metro Manila, contain a low level
of mercury, about 0.05 mg/kg of fish, or 0.05 ppm
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(Africa et al. 2009). It is below the 0.46 ug/g screening
value of methylmercury for fish (US Food and Drug
Administration n.d.).

Lead was also recorded in the head, flesh, and
internal organs of D. macrosoma collected in Batangas
Bay, but the concentration is within the allowable limit
for lead in fish samples (Sangalang & Quinay 2015).
The lead concentration in the internal organ of the
collected D. macrosoma is higher than the head and
flesh, but the difference is not significant. Despite
being safe for human consumption, the accumulation
of lead in fish, even at low concentrations, may cause
hypocalcemia, damage to the central and peripheral
nervous systems, oxidative stress (Lee et al. 2019), and
death (Kim and Kang 2015).

Moreover, Solidum et al. (2013) reported a
high amount of cadmium in D. macarellus samples
collected in a market in Metro Manila with a mean
value of 0.0608 ppm, which is beyond the allowable
limit of 0.05 ppm. The samples also contain chromium
and lead, but within the allowable limits of 0.10 ppm
and 0.50 ppm (US Food and Drug Administration
n.d.). Cadmium has no known biological function in
humans, but bioaccumulation of it causes oxidative
stress, resulting in disruption of antioxidant defense
system (Suhani et al. 2021). It can cause damages on
the respiratory system (e.g., pneumonitis, destruction
of mucus membrane), reproductive system (e.g.,
testicular necrosis and estrogen-like effects), skeletal
system (e.g., Itai-itai disease and lack of bone density),
and kidney (e.g., kidney stones, glomerular and
tubular damages, and proteinuria) (Godt et al. 2006).
Likewise, the large amount of enriched cadmium in
fish affects the antioxidant enzymes, causing multiple
organ and tissue damages (Liu et al. 2022).

Generally, the heavy metal content of
roundscad species in the Philippines is not yet
alarming. However, monitoring their heavy metal
content and their fishing grounds is advisable to
prevent possible health risks among consumers.

4. FISHERIES

4.1. Fishing gears
Philippine fisheries are divided into
aquaculture, municipal, and commercial fishing.
Municipal and commercial fisheries are different based
on the size of the fishing vessel and fishing location.
Municipal fishing vessels have a weight not greater
than three tons and fish in offshore waters. On the

other hand, commercial fishing vessels fish in inland
and coastal areas and have a weight greater than three
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tons (The Philippine Fisheries Code of 1998). The
commercial vessels are required to pay for licensing
fee by the national government. However, depending
on municipal ordinances, municipal fishing vessels
may pay local government fees (Dalzell et al. 1990).
Roundscads are common catches in both municipal
and commercial fishing vessels. In fact, the municipal
and commercial catches of roundscads in 2020 are
43,499.06 metric tons and 158,403.99 metric tons,
respectively (Philippine Statistics Authority 2020).

Small pelagic fishes like roundscads are
caught using basnigan or bag net, purse siene, ringnet,
trawls, and danish seine. Ringnet is the precursor of
purse seine and is commonly used by small to medium-
sized fishing vessels. A nylon-made net surrounds the
school of pelagic fish and is closed by drawing up the
purse string. The size of the net depends on the size
of the vessel. Municipal ringnet fishing is common
practice in Batangas, Antique, Bohol, Davao, and
Davao del Sur. Commercial ringnets are practiced in
Zambales, Cavite, Palawan, Capiz, Cebu, and South
Cotobato (Ruangsivakul et al. 2004).

Bagnet, or basnigan, was developed in
the early 1950s and introduced to Manila Bay. It
uses a large scoop net or bag net, suspended on the
outriggers of boats, that catches fish in shallow waters.
The introduction of basnigan and purse seine and
the use of powerful incandescent lamps after World
War II increased the production of roundscads and
other pelagic fishes (Ronquillo 1970). In exploiting
roundscads, municipal fisheries rely much on
gillnet among other methods. Commercial fishing
of roundscads uses varying gears like gillnets, purse
seines, trawls, and ringnets (Arce & Gonzales 1995).
These fishing gears have enabled Filipinos to exploit
roundscads better.

4.2 Fishing grounds

Roundscads live in shallow and coastal seas
all throughout the Philippines (Fig 2). It is usually
caught at 40-200 m depth adjacent to the continental
shelf (Calvelo 1997). Most species of roundscads live
in warm tropical and subtropical water, which explains
its abundance in the Philippines.

The major fishing grounds of roundscads
are Northern Palawan, Sibuyan Sea, Visayan Sea,
Ragay Gulf, Busuanga Gulf, San Miguel Bay, Tayabas
Bay, Manila Bay, Moro Gulf, Lamon Bay, Camotes
Sea, Samar Sea, Bohol Sea, Babuyan Channel, Davao
Gulf, and Sulu Sea (Tiews et al. 1971, Ronquillo
1973, Pastoral et al. 2000). The majority of these were
identidified as core fishing areas (CFAs) characterized

by high-light-assisted fishing activities (Geronimo et
al. 2018).

According to Calvelo (1992, 1997), the most
productive fishing ground for roundscads is the West
Sulu Sea, which accounted for 60% of roundscad
production in 1980-1987. This is supported by
the study of Geronimo et al. (2018) on the most
suitable core fishing area for light-assisted fishing
based on bathymetry, chlorophyll a, and sea surface
temperature. The northeast of Palawan and the west
of Palawan are the most suitable areas for roundscad
fishing, regardless of monsoons and years. These
areas are generally shallow, not exceeding 200 m in
depth, and provide suitable habitat for roundscads.
Furthermore, Northern Palawan has been observed
to have the highest concentration of carangid larvae
(Nepomeceno et al. 2023). These prove that Northern
Palawan is the most important fishing ground for
roundscads, and further research on their stock is
more than necessary.

Most fishing grounds have fishing seasonality
based on monsoons. As an example, fishing operations
in Northern Palawan are concentrated on the western
coast during the northeast monsoon, or “amihan,” and
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Figure 2. Fishing grounds of roundscads in the Philippines (Tiews
et al. 1971, Ronquillo 1973; Pastoral et al. 2000).
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on the eastern coast during the southwest monsoon,
or “habagat” (Ronquillo 1975). Likewise, prevailing
monsoons also have an influence on the pattern of
fishing activities in the Philippines. During habagat,
fishing activities are high in the northeastern section
of the Philippines; on the contrary, the fishing
activities are high in the western section during
amihan (Ronquillo 1970).

4.3. Stock assessment

Stock assessment is the application of
mathematical and statistical tools to draw quantitative
predictions about the fish population in response to
management choices (Hilborn and Walters 1992). The
purpose of stock assessment is to provide guidelines on
the “optimum exploitation” of fish (Sparre & Venema
1992). Stock assessment of roundscads in various
fishing grounds is essential to determine the current
status of stocks, predict their dynamics over time, and
draw inform management decisions, such as imposing
restrictions on highly exploitative fishing gear, setting
catch limits, and determining the timing and the
span of closed fishing season. Table 5 summarizes the
population parameters and recruitment patterns of
different roundscad species found in various fishing
grounds. The different variables being derived in the
majority of these studies are the asymptotic length
(Leo), growth rate (k), growth performance index
(©), total mortality (Z), natural mortality (M), fishing
mortality (F), and exploitation level.

The asymptotic length is the maximum
length a fish population can attain if it will live
indefinitely. It is a function of the growth rate, which is
the rate at which fish length changes over time (King
2007). Both the asymptotic length and growth rate are
functions of the growth performance index, which is
the growth potential of fish population. These are used
to estimate the growth of stocks. Growth may vary
among populations depending on fishing pressure
(Tu et al. 2018) and various environmental factors
like temperature, salinity, photoperiod, and oxygen
concentration (Dutta 1994). A high growth rate has a
value greater than 0.3 and may indicate that the stock
will reach maturity rapidly and can sustain a high
level of mortality as they can reproduce at a faster rate
(Magallanes et al. 2022).

The mortality of fish population can be
classified as natural mortality or fishing mortality.
The latter was brought on by the deaths due to fishing
activities. The former refers to natural death causes
like predation, competition, diseases, senescence, and
pollution (Froese & Pauly 2019). Natural mortality is
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calculated based on growth function and mean annual
water temperature. The ratio of fishing mortality to
total mortality is the exploitation level. Exploitation
level indicates the degree of overfishing in a fish
population. The optimum exploitation level for fish
is 0.50; values higher than this indicate overfishing
(Gulland 1983). In response to poor survival of fish
population due to environmental factors and fishing,
there is an increase in the growth rates and a decrease
in the length at maturity of the survivors (Heino &
Godo 2002).

Among the species of roundscads in the
Philippines, the stocks of D. macrosoma are widely
assessed (Fig. 3), but some of the studies were
conducted in the late 1900s (Table 5). The growth
parameters for D.macrosoma have the following
mean: Leo is 27.72 cm; k is 1.04 yr'; and @ is 2.58.
The high growth rate indicates that the stocks of D.
macrosoma in the Philippines are growing rapidly due
to high fishing mortality (F = 2.83) and overfishing (E
= 0.58). The majority of the stocks of D. macrosoma
are overfished except in Tayabas Bay (E = 0.32; F =
0.59).

The stocks of D. russelli were only assessed
in six fishing grounds—Manila Bay, Palawan, Lagonoy
Gulf, Visayan Sea, Camotes Sea, and Hinatuan Passage
(Table 5). Among which, only the stock in Hinatuan
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Passage and Lagonoy Gulf were assessed in the 21
century. The majority of the information was from the
seminal study of Ingles & Pauly (1984). The mean Leo
of D. russelli in the Philippines is 29.83 c¢m, and the
mean k is 0.97 yr . The stocks in Hinatuan Passage
and Lagonoy Gulf have a low asymptotic length but
have a high growth rate and growth performance
index. The highest Leo is in the Visayan Sea, but no
other parameters were indicated by Lavapie-Gonzales
(1991). D. russelli can have a maximum length of
45.00 cm (Frimodt 1995), which indicates that the
total length of D. russelli in the Philippines is generally
small. All of the stocks of D. russelli are overfished as
stipulated by their exploitation level.

There are only three fishing grounds where
stocks of D. maruadsi were assessed. Only the stock
in Tayabas Bay was assessed in the 21st century. Stock
assessments in Davao Gulf and Tayabas Bay were
already outdated. D. maruadsi in the Camotes Sea has
the highest Leo (31.17 cm). D. maruadsi in the Tayabas
Bay has lower k and Leo than the stocks in the Davao
Gulf. Only the stock of D. maruadsi in Tayabas Bay
has computed the exploitation level. D. maruadsi in
the Tayabas Bay is less exploited. Although there is
no computed exploitation level of stocks in the Davao
Gulf and Camotes Sea, it can be inferred that the
stocks were overfished based on their fishing mortality
(M).

The growth parameters of D. macarellus are
only assessed in two fishing grounds—the Davao Gulf
and the coast of Davao Oriental (Lavapie-Gonzales
1997). Stocks caught within the Davao Gulf have a
smaller Leo than in Pujada Bay, Davao Oriental. D.
macarellus is fast-growing as indicated by ak of 1.80 yr
!. There is not enough data to infer on its exploitation,
but it has a high total mortality (Z = 3.70). The stock
assessment of D. maruadsi is sparse and outdated.

Likewise, D. kurroides has limited and
outdated stock assessment studies. It was just assessed
in three fishing grounds, namely the Visayan Sea, the
Samar Sea, and the Davao Gulf. The data in the Samar
Sea and Visayan Sea were insufficient to estimate the
other growth parameters except for Leo (Lavapie-
Gonzales, 1997). The stocks of D. kurroides in the
Davao Gulf have a high growth rate but are lower
than the stocks of D. russelli. It is also overexploited,
as indicated by its E value of 0.62. Both D. maruadsi
and D. kurroides have outdated and limited stock
assessment studies.

There are also limited stock assessments for
D. tabl. The stock of D. tabl in the Camotes Sea has a
larger Leo than in Tayabas Bay. Although it also has
a higher exploitation level, high Leo is balanced with

a high k of 0.97 yr ' (Narido et al. 2016). The stocks
in the Camotes Sea are fast growing in response to
high exploitation level. There is no published stock
assessment conducted for D. smithvanizi because
it was just in 2021 that it was first recorded in the
Philippines. It is almost similar to D. tabl by having a
slender body and a red caudal fin. There is a possibility
that there are samples of D. smithvanizi which is
counted in the stock assessment of D. tabl.

In general, rounscads on different fishing
grounds are highly exploited, and stock assessment
studies of roundscads in the Philippines are limited.
However, the establishment of the NSAP Atlas
(https://nsap.nfrdi.da.gov.ph) provides researchers
with access to the monitored catch data of different
aquatic resources in the country. The majority of the
recent stock assessment studies enumerated in Table 5
(Villanueva et al. 2018, Ramos et al. 2018, Baclayo et al.
2016, Olano et al. 2018, Belga et al. 2018, De Guzman
et al. 2018, Magallanes et al. 2022) extracted and
encoded their data from and in the NSAP database.
With an accessible database, stock assessments of
roundscad species in different fishing grounds are
expected to increase in the future, filling the gaps
enumerated above. Moreover, stock assessment studies
in Northern Palawan and Zamboanga (Region IX)
are highly recommended, especially since Northern
Palawan is considered as a core fishing ground for
roundscads and Zamboanga has the highest percent
contribution of roundscad catch from 2015-2020 (Fig
7).

4.4. Stock identification

Stocks are intraspecific groups of randomly
mating and reproductively isolated individuals
characterized by spatial and temporal limits (Begg
and Waldman 1999). Stock, as a subset of one species,
have the same growth and mortality parameters and
have minimal mixing with nearby groups (Sparre
& Venema 1998). Stock delineation is a process of
identifying fish populations based on genetic markers
(Milner et al. 1985, Farrell et al. 2022), phenotypic
markers (Mahfuj et al. 2023), and biological tags
like parasites (Retnoningtyas et al. 2023b). Since
roundscads are migratory and the waters of the
archipelago are continuous, stock delineation
can prevent overestimation of stocks and manage
assessment efforts. In the Philippines, there are limited
studies that delineate stocks of roundscad species.

In the study of Jamaludin et al. (2020) using
the mitochondrial cytochrome b (Cyt b) gene, there
are two discrete stocks of D. maruadsi that are present
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in the Central Indo-West Pacific Regions. These are the
Sundaland-Rosario-Ranong and northern Vietnam
populations. There is only one common stock of D.
maruadsi present in the waters of Sundaland, Rosario,
Philippines, and Ranong Adaman Sea, as revealed by
their low nucleotide diversity. On the other hand, the
stock of D. maruadsi in Vietnam is an admixed group.
Jamaludin et al. (2020) recommended a separate and
independent management of the two populations
based on their separate stock structures.

Moreover, Barnuevo et al. (2023)
distinguished two populations of D. kurroides using
otolith morphometry. An otolith is a composite of
calcium carbonate and protein located in the inner ear
of fish for balance and sound detection (Corréa et al.
2022). Otolith morphometric analysis has been used
to separate stocks of various species (e.g., Duncan et
al. 2018, Moreira et al. 2019) and delineate closely
related species (e.g., Morales et al. 2023 in delineating
D. tabl, D. smithvanizi, and D. kurroides). Using otolith
morphometry, Barneuva et al. (2023) identified a
separate stock of D. kurroides in the Sibuyan Sea from a
nearby Sulu Sea. The otolith of D. kurroides population
in the Sibuyan Sea is more elliptical, heavier, and larger
than the population in the Sulu Sea, which suggests
two different stocks of D. kurroides.

There is no study yet on the application of
biological tags in delineating roundscad stocks in the
Philippines. However, in the study of Retnoningtyas
et al. (2023b), they were able to identify two stocks of
D. macarellus in eastern Indonesia using metazoan
fish parasites as biological tags. Parasites can be used
as biological tags because fish can only be infected
with parasites if they live in parasite-endemic areas
(MacKenzie & Abaunza 2014). This method can
also be applied to delineate roundscad stocks in the
Philippines, especially since there are already studies
on parasite infestation in the Philippines (see Section
3.3).

In general, there are few studies on the
stock identification of roundscads in the Philippines.
Accurate identification of fish stocks is necessary
to lessen the cost and overestimation of multiple
stock assessments. It is also important to identify the
response of highly exploited stock to the implemented
management policies like closed fishing season
policy. As Cadrin & Secor (2009) emphasized, “stock
identification is an important prerequisite for stock
assessment.” There are increasing studies on stock
assessment of roundscads in the Philippines, but these
simply define stocks based on locality (Table 5). Stock
identification of roundscads using multiple approaches
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is recommended to establish a stock unit for stock
structure studies towards sustainable management of
fisheries.

4.5. Production

The data presented here are from the
Fisheries Situation Report, Statistics on Agriculture,
and OpenSTAT (https://openstat.psa.gov.ph/) of
the Philippine Statistics Authority (PSA), Fisheries
Statistics of the Philippines of the Bureau of
Agricultural Statistics (BAS), and from the National
Stock Assessment Program (NSAP) of the Bureau
of Fisheries and Aquatic Resources (https://nsap.
nfrdi.da.gov.ph/home). In an NSAP database search,
possible misidentified entries such as D. muroadsi, D.
punctatus, D. koheru, and D. akaadsi were disregarded
since their presence in the Philippines is not yet
verified. D. koheru is distributed only in the waters of
New Zealand and Australia; D. punctatus is found only
in the Atlantic Ocean. On the other hand, D. akaadsi
and D. muroadsi occurred in East Asia (Fricke et al.,
2023). Although Delloro et al. (2021) have confirmed
the presence of D. smithvanizi, there is no available
data on its production in the database. Hence, this
section presents the production of six species only,
namely D. macrosoma, D. macarellus, D. russelli, D.
maruadsi, D. kurroides, and D. tabl. Moreover, as of the
writing of this manuscript, there is also no data on the
production of roundscads in Region XIII (CARAGA)
that can be retrieved from the NSAP database. This
report only presents data from 14 regions.

Based on the Philippine Statistics Authority,
there was an increase in roundscad production from
1980 to 2004, from 132,100 MT to 293,900 MT (Table
6). The highest production for 40 years was in 2007,
recording a production of 320,200 MT. However, the
production eratically dwindled from 2008 to 2021 (Fig.
4, Table 6). The lowest production from 2008-2021
was in 2018 with 171,300 MT, which is also the year
when the Philippines started importing roundscads of
more than 5,000 MT.

Among the Regions, Region IX has the
highest production of roundscads in the Philippines,
accounting for 59.94% of total production from 2015
to 2020 (Fig. 5, Table S1). This is contrary to the data
from Calvelo (1992), in which the South Sulu Sea is
ranked fifth among the most important fishing grounds
based on production from 1980-1987. According to
Calvelo (1992), the West Sulu Sea accounts for 60%
of production, followed by the Visayas Sea and the
Moro Gulf. The observed decrease in the production
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Table 6. Production, price, and volume of imported roundscads in the Philippines from 1980-2021 (source: Philippine Statistics Authority
1980-2021; Bureau of Agricultural Statistics 2001-2013).

Year Production ('000 MT) Wholesale price (Php/kg) Retail price (Php/kg) Volume of Imported Roundscads (MT)
1980 132.10 6.19 7.55 ND
1981 149.90 7.42 8.68 ND
1982 183.30 6.99 8.83 ND
1983 165.00 7.30 9.88 ND
1984 131.60 14.39 16.51 ND
1985 131.70 16.95 20.63 ND
1986 175.90 15.93 20.63 ND
1987 182.00 15.85 20.45 ND
1988 168.10 15.61 24.32 ND
1989 209.80 18.02 26.32 ND
1990 249.30 19.65 26.11 ND
1991 277.33 22.92 28.42 ND
1992 296.98 24.13 31.27 ND
1993 233.20 24.09 34.44 ND
1994 233.20 29.05 40.57 ND
1995 259.80 28.79 39.53 ND
1996 223.90 30.59 43.38 ND
1997 228.90 31.93 44.97 ND
1998 245.10 34.45 47.42 ND
1999 248.50 40.03 53.91 ND
2000 256.00 41.49 54.90 ND
2001 286.20 44.50 59.44 104.96
2002 279.30 43.80 60.41 818.93
2003 310.60 43.87 59.81 1607.84
2004 293.90 48.07 66.19 1514.69
2005 280.80 47.43 66.99 81.07
2006 260.10 53.31 73.43 197.71
2007 320.20 52.47 74.97 ND
2008 294.10 61.08 84.04 650.29
2009 243.70 64.82 87.99 544.08
2010 268.20 64.25 87.45 361.07
2011 239.60 77.58 100.47 55.77
2012 233.50 83.14 107.68 24.01
2013 270.80 82.29 108.02 198.30
2014 260.60 86.3 113.84 195.24
2015 225.10 91.42 118.27 369.46
2016 211.80 90.39 116.59 923.05
2017 183.10 97.24 127.50 2751.30
2018 171.30 ND 144.22 5454.69
2019 189.00 ND 150.23 53071.72
2020 202.00 ND 163.92 24045.29
2021 181.50 ND 185.23 61588.30

Note: ND = No data

press |



Biology, Ecology, Fisheries, & Conservation Management of “Galunggong”

or “Roundscads” (Decapterus spp.) in the Philippines: A Review

350

_

S 200 AN

(=

S 250 “\/ 'A\l/\

< v/

= /

£ 200

~

g \/\

= /\r\/

£ /7 \J

3

2 100

£

Z 5

=}

2
L
SO Al T O 0 O Al T O 0 O O T O X0 o N T O 0o
O 0 0 W W NN DD O OO0 = A A — — Al
DD DD DY DYDY Dy o o O [=] o O
e B TR R T TR T B B T o I o B o\ I o I o BENE o\ N oS I oN I o BN oN o |

Figure 4. Volume of production of roundscads in the Philippines from 1980-

2022 (data from PSA)
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Figure 5. Percent contribution of Regions to the total volume of
roundscad production in the Philippines from 2015-2020 (data
from NSAP).

of roundscads in the West Sulu Sea might be due to the
implementation of a closed fishing season for round
scads in Northern Palawan, a part of the West Sulu
Sea, since 2015 (JAO No. 1 series of 2015). It is the
only area where a closed fishing season for roundscads
is implemented. The second most productive region
in terms of roundscad production is Regions VI and
VII, with 14.81% and 6.57% contribution to the
total production, respectively. Regions VI and VII
fish on the Visayan Sea, a major fishing ground for
roundscads, accounting for a roundscad production of
20-30 thousand metric tons from 1980-1987 (Calvelo
1992).

The roundscad production from 2015-2020
is composed predominantly of D. macrosoma
(57.03%), followed by D. tabl (14.82%), and D.
macarellus (11.37%) (Fig. 6). From 2015 to 2020, the
production of D. macrosoma has increased by 35.75%

(Fig. 7, Table S2) . The same pattern is also observed
in D. macarellus. The production of D. russelli from
2015-2022 seems to plateau, and no significant
changes are observed. However, D. tabl, D. kurroides,
and D. maruadsi have a downward trend.

Each region has varying dominant roundscad
species caught from 2015 to 2020. D. macrosoma is the
dominant roundscad species that is caught in Regions
II, VI, IX, X1, XII, and BARMM (Fig. 8, Table S1).
D. macarellus dominates the roundscad production
in Regions I, III, and V. D. kurroides is the dominant
roundscads in Region X. D. maruadsi is dominant
in Region VIII, while D. russelli dominates the
roundscads captured in Region IVB.

The production of roundscads on the different
fishing grounds in the Philippines is generally thought
to be all-year-round, but there are Regions that report
the seasonality of specific species of roundscads in
their fish landings. Region II reported D. tabl in the
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Figure 6. Percent contribution of roundscad species in the total
volume production of roundscads from 2015-2020 (data from

NSAP).
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months of September to December only in 2021,
May and June only in 2022, and January only in 2023.
Likewise, D. kurroides is usually caught in Region II
in one to two months only. It is reported in Region
IT in the month of September in 2019, May and June
in 2022, and April in 2023. There are no reports on
the landed catch of D. kurroides from 2020 and 2021.
Fishing activities in Region II, particularly in Babuyan
Channel, are seasonal due to monsoons (Villarao &
Encarnacion 2023). Monsoons may have influenced
the landing of D. kurroides and D. tabl in Region

in press. | The Philippine Journal of Fisheries

II. However, the observed pattern in the catch of D.
kurroides and D. tabl in Region II may not be totally
dependent on monsoons, but also on the migration
of these species, especially since other roundscad
species display a different pattern than these two
species. D. macrosoma, for example, has landed catch
in Region II for 2021 from February to October, with
a peak of landed catch in August. In the same year, D.
macarellus in Region II is present all year, but the peak
of landed catch is in December. The seasonal landings
of D. tabl and D. kurroides in Region II possibly reflect
the migration of these species in the Philippines.
Further studies on the possible migration pattern of
roundscad species like D. tabl and D. kurroides, and
the environmental factors that mediate these patterns
are recommended.

D. macrosoma is the most dominant
Decapterus species in the Philippines (Fig. 6). As
shown in Figure 9, Region IX is the major producer
of D. macrosoma, followed by Region VI. The South
Sulu Sea is the major fishing ground for D. macrosoma
which accounts for 76% of its production in the
Philippines. Likewise, the major fishing ground of D.
macarellus is the South Sulu Sea, contributing to 40%
of the total production of D. macarellus in 2015-2020.
On the other hand, D. russelli is dominantly caught
in Region IVB, in which the fishing grounds are the
Sibuyan Sea and North Sulu Sea. Region VI tops the
production of D. maruadsi, almost 56% of the total
production of D. maruadsi. This is being followed by
Regions VIII and VII. Hence, the interior seas of the
Philippine archipelago are the major fishing grounds
of D. maruadsi. The 60% of D. tabl production is also
from the South Sulu Sea. Lastly, Regions VI and IX
are the major contributors to D. kurroides production
with 42% and 32% respectively.
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Generally, the production of roundscads in
the Philippines has notably increased from 1980 to
2007, but has continually declined since 2008. Among
the coastal regions of the Philippines, Region IX,
whose fishing grounds are in South Sulu Sea, has the
highest production of roundscads from 2015-2020.
D. macrosoma is the major species of roundscad in
the Philippines based on production. Hence, this
paper recommends studying the stock structure
and reproductive biology of D. macrosoma in the
South Sulu Sea to ensure that the exploitation level
of the stock does not compromise their population’s
reproduction.

4.6 Price

Contrary to the decreasing production
of roundscads, the retail and wholesale price of
a kilogram of roundscads has been continually
increasing since 1980 (Fig. 10). In 1980, the retail
and wholesale prices of roundscads were Php 7.55
and Php 6.19, respectively, but these ballooned to
Php 127.50 and Php 97.24 in 2017 (Table 6). In
terms of percent increase in the retail price, a sudden
increase in price happened in 1984, a year when the
consumer price index was 50.3%, an indication that
all commodities had an increase of more than average
due to political and economic turmoil (National
Economic and Development Authority 1984). But
the highest percent increase from 2000-2021 was in
2011 (14.89%), followed by 2018 (13.11%). Both years
have marked the lowest production since 2000-2011
and 2013-2021, respectively. This further substantiates
the causality of the production of roundscads with its
price.

4.7 Importation

According to Fisheries Administrative Order
(FAO) 195 series of 1999, importation of fish (frozen,
fresh, or chilled) and fishery or aquatic products
shall be allowed to achieve food security, taking into
consideration safety and public welfare. Food security
entails ensuring an adequate supply of appropriate
food at affordable prices. As mandated by FAO 195,
the importation of roundscads can be implemented
when the food supply is threatened or the price has
soared, making it less accessible to the masses. The
implementation of a three-month ban on roundscad
fishing in Northern Palawan has been the major
reported reason for its importation (see DA-BFAR
2021). The imported roundscads are intended to fill
the supply gap due to the implementation of a closed
fishing season in Northern Palawan, a major source of
roundscad catch landed at Navotas Fishport Complex
in 2022 by 89% (DA-BFAR, 2022).

The importation had caused opposition,
speculation, and investigations among fishing groups,
legislators, and consumers. There were speculations
of an intentional and made-up shortage by business
monopolies, organizational corruption, and the
effect of illegal fishing activities by China in the
West Philippine Sea (see Senate of the Philippines
2022). The imported roundscads were claimed as
“balikbayan” or returnees by Pambansang Lakas ng
Kilusang Mamalakaya ng Pilipinas (PAMALAKAYA),
a fisherfolk group, because these were possibly caught
in the Philippine waters (Punay 2022). Once there is
an oversupply of roundscads in the market, prices may
crash, threatening the income of fishermen. These
controversies catapulted the filing of House Resolution
2467 in 2021 to the House of Representatives to probe
the importation of roundscads (Punay 2022).
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Figure 11. Volume of imported roundscads from 2001-2021 (in
MT) (data from PSA).

The Philippines has been importing
roundscads since 2001 from nearby countries like
Taiwan, China, Vietnam, Malaysia, and Indonesia
(PSA 2001). China has been the major source of
roundscads in the Philippines since 2001, and in 2013,
the Philippines received roundscads from Southeast

Asian countries like Indonesia and Vietnam (Fig. 12,
Table S3) (PSA 2021).

From 2001-2015, the volume of imported
roundscads ranged only from 24 MT in 2012 to 1,608
MT in 2003, but the importation has soared to 61,588
MT in 2021.Since the implementation of the closed
fishing season in Northern Palawan, the Philippines
has been importing more than 2,000 MT. From 2019,
the Philippines has imported more than 20,000 MT.
The importation in 2019 has grown by 873% from the
previous year. The upward trend in the importation
of roundscads from 2007 to 2021 is also reflected on
the supply utilization accounts, which are derived
from food security indicators like self-sufficiency
ratio and self-dependency ratio (PSA 2022). The self-
sufficiency ratio indicates the dependence of a country
on its own production to meet its domestic utilization.
Accordingly, the self-dependency ratio is the reliance
of a country on imports (PSA 2019).

The Philippines has maintained a self-
sufficiency ratio of near 100% in 2016-2018, but it
substantially plummeted in 2019 and 2020 when the
volume of imported roundscads soared to 53,000
metric tons from 5,000 MT (Fig. 13). As indicated
by the 21.9% import dependency ratio in 2019,
the Philippines relied on importation to meet the
demand for roundscads. Hence, the decreasing
production during the implementation of the closed
fishing season in Northern Palawan has effects on the
increasing volume of imported roundscads. However,
further study is needed to identify the gravity of the
effects of the closed-fishing season policy to the total
production of roundscads and importation in the
country.
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Figure 12. Percent contribution of country of origin of imported roundscads from 2001-2021 (data from PSA).
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4.8 Farming Efforts

Due to the declining supply of roundscads
amidst its increasing demand, research efforts on the
possible farming of D. macrosoma were initiated by
the Southeast Asian Fisheries Development Center/
Aquaculture Department (SEAFDEC/AQD) in 2021.
As communicated in the newsletter of SEAFDEC
(2022) by Aranas (2022), they have successfully grown
roundscad juveniles with 20% survival after 25 days of
being hatched. The broodstocks were collected from
the wild and spawned in the hatchery. If this effort
becomes successful, roundscad can be farmed in
addition to captured fish production.

5. CONSERVATION AND
MANAGEMENT

Roundscads, like other commercial marine
fishes, are heavily exploited. All roundscad species are
considered “Least Concern” in the IUCN Redlist (Table
1), but the populations of D. kurroides and D. russelli
are globally decreasing (Smith-Vaniz 2015-2018).
To manage fish stocks, closed fishing seasons were
implemented in the major fishing grounds in the
Philippines. Under the Philippine Fisheries Code of
1998 (RA 8550), a closed fishing season is applied to
a period in which a specified gear is prohibited from
capturing a specified fish species in a specified area.
This is to protect the specified fish populations during
spawning season from exploitation, consequently
ensuring that fish breed successfully and replenish
their population.

Currently, the only closed fishing season
exclusively for roundscads is the Joint DA-DILG
Administrative Order (JAO) No. 1 series of 2015 in
Northern Palawan. It mandates that the following

fishing gears—purse seines, ring nets, and bag
nets—are prohibited in capturing roundscads in
Northern Palawan from November 1 to January 31
of the following year, which is the spawning season
of D. macrosoma and D. russelli in Northern Palawan
(Tiews et al. 1971). Furthermore, the roundscads
fishery is also prohibited in the Davao Gulf, together
with other pelagic fish, during the closed fishing
season of June to August. In the virtue of DA-DILG
Joint Administrative Order No. 02 series of 2014, the
fishery of pelagic fishes in Davao Gulf using bagnets/
basnigan and ringnets are prohibited from June to
August of every year.

Currently, there is no published study
yet evaluating the effectiveness of seasonal fishery
closures (SFC) in Davao Gulf and Northern Palawan
on roundscad population structure and production.
The DA-BFAR (2021) had preliminarily assumed
its success based on the increase in catch estimates
of roundscads caught by ring net and purse seine
in Northern Palawan from 2015-2020. A robust
and comprehensive study that entails analysis of
roundscad population dynamics should be conducted
to determine the success of SFC in these areas.

However, management policies like SFC
require cooperation among stakeholdersandlivelihood
support for the displaced fishermen during closures.
In the span of the implementation of SFC, fishermen
are apt to look for other livelihoods such as working
in construction industry, public transportation, and
market (Macusi et al. 2022). Violations are more likely
when there are no livelihood support and financial
aid, ineffective policy dissemination, and insufficient
safety nets (Brillo et al. 2017). The cooperation of the
community with SFC is highly influenced by economic
motivation, stricter enforcement, better organization,
and informed communication (Macusi et al. 2021).
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6. WAYS FORWARD
6.1 Filling in the research gaps

The majority of the studies on roundscads
are about stock assessments, exploring the population
structure and recruitment of roundscads in the major
fishing grounds. Most of the knowledge on the biology
and ecology of roundscads is contributed by Calvelo
(1992), and some of the reproductive biology data is
from more recent studies (e.g., Rada et al. 2019, Dela
Rosa et al. 2022). However, these are not enough for a
science-based management of roundscads. There is a
need to further explore the reproductive biology, food
habits, migration behavior, and ecology of roundscads
in the major fishing grounds. There is also a need to
evaluate the impacts of JAO series of 2015 or the closed
fishing season in Northern Palawan on the population
of roundscads.

Moreover, roundscad species are unequally
represented in research per se. The majority of
researches focused on D. macrosoma, followed by D.
russelli and D. tabl. Few research studies are conducted
on D. macarellus, D. maruadsi, and D. tabl. Since it
was just 2021 that D. smithvanizi was documented in
the Philippines, it is understandable why it receives
less research focus. This trend is also evident in the
distribution of stock assessment studies for each
species (Fig. 3). There are only a few studies that have
assessed the stocks of D. kurroides, D. macarellus,
D. tabl, and D. maruadsi. Likewise, there are also
limited studies on the reproductive biology of D.
kurroides, D. tabl, and D. macrosoma; no study on the
reproductive biology of D. maruadsi is published as of
the writing of this manuscript (Table 3). Although D.
macrosoma contributes to 57.03% of total production
for 2015-2020 (Fig. 7), there is still a need to fill the
research gaps for these equally important species.

6.2 Stock identification and continuous stock
assessment

There is also a limited study on the stock
identification of roundscads, which is a prerequisite
for stock assessment. Stock is an arbitrary term that
was initially defined by Milton & Shaklee (1987) as
an exploited group of fish species in a specific area.
Stock assessment studies analyzed in this review
paper define stocks in this manner. However, stocks
based on locality only may lead to laborious and
repeated assessments in various fishing grounds that
actually share a common stock. The stock concept

is being structured based on geographic variation
of phenotypic traits, closed migration circuits,
and reproductive isolation (Cadrin & Secor 2009).
These must be considered prior to stock assessment,
which can be aided using phenotypic (e.g., otolith
microstructure and shape analysis, scale morphology,
meristics, and morphometrics), biological tags, and
genetic methods (Cadrin et al. 2014).

Establishing geographic boundaries using
both morphological and genetic techniques is
recommended to have a cost-effective, relevant,
and reliable stock assessment of roundscads. In this
way, stock assessments would not be repetitive but
progressive. Monitoring the identified stocks can
also be one of the bases for evaluating management
policies, like the imposition of SFC.

6.3 Multiple approaches in roundscad
management

SEC implemented in breeding season
may result in increased reproductive output and an
increase in population size for aggregate spawners like
roundscads if the breeding population is not harvested
or disturbed and/or there is a reduction in annual
fishing efforts (Arendse et al. 2007). SFC should
not displace fishing efforts in the months outside its
implementation. In this manner, fishing mortality
decreases, allowing the surviving population to
recover from overexploitation. As an example, the
implementation of SFC for sardines in the Visayan Sea
results in a significant increase in catch at the end of the
seasonal closure for both commercial and municipal
fisheries but a decreasing trend in interannual
analysis, despite its strict implementation in 2012
(Bagsit et al. 2021). The fishing effort might remain
the same without allowing the species to recover
its population size over time. Hence, sustainable
management of fisheries is not solely based on the
strict implementation of SFC but should be supported
with other strategies that reduce fishing efforts while
considering economic gains.

SEC should be complemented by other
strategies like setting catch limits, registrations of
boats and gear, limiting the allowable number of
boats per fishing gear, regulation of mesh size, and
establishments of Marine Protected Areas (MPA)
(Macusi et al. 2022, Olafio et al. 2018 ). But designing a
long-term management plan for roundscads requires
accurate stock assessments, rigorous data, and
comprehensive studies on the biology and ecology of
roundscads.



Biology, Ecology, Fisheries, & Conservation Management of “Galunggong”

7. CONCLUSION

Roundscads, or galunggong, is one of the
most harvested pelagic fishes in the Philippines and a
common source of protein among Filipinos. However,
based on a 30-year PSA dataset, there is a decreasing
catch of galunggong in the country. The catch in 2008
to 2021 has never been higher than the catch in 2001
to 2007. There has been a downward trend in its
production even before the implementation of the
closed fishing season in Northern Palawan. Due to
the decreasing production and the implementation
of closed fishing season, the Philippines has been
importing roundscads of not less than two thousand
metric tons since 2017. Indeed, the scarcity of supply,
its soaring market price, and massive importation are
rooted in the decreasing stock size of round scads in
the Philippines.

Science-based management of roundscads
is based on continuous research and comprehensive
data. However, this review identifies research gaps on
the biology and ecology of roundscads, most especially
in terms of reproductive biology and migration, to
some extent, in terms of stock assessment based
on accurately defined stocks. The evaluation of
the SFCs in Northern Palawan and Davao Gulf in
terms of reproductive output, implementation and
compliance, and socio-economic impact should be
further explored. In order to have a science-based
and sustainable management of roundscads, relevant
and comprehensive research and continuous stock
monitoring are needed, which can be achieved
through citizen science and cooperation among
research institutions and academic community.
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