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Abstract

The food habit is one of the important information used in the fisheries resource 
management. This study aimed to determine food preferences, index of preponderance, 
and trophic level of shortfin scad (D. macrosoma) captured from the southern waters 
of Gunungkidul Yogyakarta, Indonesia. A total of 325 fish samples were collected 
from March to September 2018. Each fish sample was measured in total length, body 
weight, determined its sex, and then dissected. The digestive tract was measured in total 
length then the gut contents were preserved in 5% formaldehyde to observe the type of 
food composition. The results showed that shortfin scad was carnivorous fish (relative 
gut length = 0.47) with the diet composing of fish (84.15%), phytoplankton (8.91%), 
zooplankton (4.47%), and snipping shrimp (3.19%). The molecular identification showed 
that the main fish species eaten by shortfin scad was Cololabis saira (Scomberesocoidae).

 Abstrak

Kebiasaan pakan ikan merupakan salah satu informasi penting yang digunakan dalam 
manajemen sumberdaya perikanan. Penelitian ini bertujuan untuk mengetahui preferensi 
pakan, indeks bagian terbesar dan tingkat trofik ikan layang deles (D. macrosoma) yang 
ditangkap dari Perairan Gunungkidul. Total 325 sampel ikan layang deles dikumpulkan 
selama bulan Maret sampai dengan September 2018. Setiap sampel ikan diukur panjang 
total, berat tubuh, ditentukan jenis kelaminnya kemudian dilakukan pembedahan. Saluran 
pencernaan diukur panjangnya, kemudian isi lambung ikan diawetkan dalam formalin 5% 
untuk diamati komposisi jenis makanannya. Analisis data meliputi panjang usus relatif, 
frekuensi kejadian, indeks bagian terbesar, dan tingkat trofik ikan layang deles. Hasil pene-
litian menunjukkan bahwa ikan layang deles bersifat karnivora (panjang usus relatif = 0,47) 
dengan komposisi jenis makanan utama adalah ikan (84,15%). Makanan pelengkap layang 
deles adalah fitoplankton (8,91%), sedangkan zooplankton (4,47%) dan potongan udang 
(3,19%) merupakan makanan tambahan. Berdasarkan identifikasi molekuler, spesies ikan 
yang menjadi makanan utama ikan layang deles adalah Cololabis saira (Scomberesocoidae).
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1. Introduction
 The Carangidae family, known as jacks, 

trevallies, amberjacks, pompanos, scads, kingfish, 
pilotfish, rainbow runners (Honebrink, 2000), is 

the important economical fish group representing 
approximately 5% of the global capture fisheries. 
Decapterus spp. as a member of the Carangidae, is one 

of the fish that has been used as a commodity of trade 
and economic resources (Ditty et al., 2004; Kimura et 

al., 2013). Shortfin scad (D. macrosoma) is an important 

small pelagic fishery resource in the Java Sea waters 
(Wahju et al., 2011). Shortfin scads live in schooling, 
with a wide distribution ranging from the Indian Ocean, 

the Western, and Eastern Pacific Oceans (Kimura et al., 

2013), at a depth of 30-70 m above the water surface 

(Alatorre-Ramirez et al., 2013).

 Food availability in the term of sufficient in 
amount and good quality is one of the important fac-

tors in ensuring population life, growth, and condition 

of fish (Astuti et al., 2005). Food preferences can be 

known, among others, through the composition of stom-

ach contents and relative gut length. Analysis of food 

composition and food habits aim to determine the po-

sition of fish in the food chain (Behzadi et al., 2016) 

because information regarding fish food types is highly 
important in the management and utilization of fisheries 
resources. An understanding of the type of food con-

tained in the fish stomach aims to show the integration 
of important ecological components such as behavior, 

conditions, habitat adaptation and specific interactions 
between species (Nath et al., 2015). Fish feeding habit 

is an information relating to predator-prey interactions 

in the food chain to determine ecosystem-based fisher-
ies management (Hanson et al., 2002). Food habits in-

clude the composition of types of organisms from food 

sources that have been digested by fish (Mata-Sotres et 

al., 2016). Food resources are available in waters such 

as sediments, benthic organisms, plankton, or fish larvae 
(Jo et al., 2013). Research on the composition and food 

preferences of Decapterus spp. has been carried out 

among others on the Northwest Coast of India (Jaiswar 

et al., 1993), Malabar Beach (Manojkumar, 2007) and 

Mangaluru Beach (Ashwini et al., 2016). Even from 

the same group or species, a fish population may have 
different types of food in accordance to the availability 
of food from nature and their trophic level. This study 

aimed to determine the composition, food preferences 

and trophic level of shortfin scads (D. macrosoma) in 

the southern waters of Gunungkidul Yogyakarta, Indo-

nesia.

2. Materials and Methods

2.1 Fish sample

 A total of 325 shortfin scads as samples were 
obtained from fishermen along the southern coast of 
Gunungkidul landed in Fish port of Sadeng (Figure 1) 
within March to September 2018. The fishing gear used 
by fishermen is a gillnet and a fishing line (longline). 

2.2 Method

 Each fish sample was measured for total length, 
body weight, sex, and then a dissection was performed 

to measure gut length and obtain sample of the type 

of food digested. The contents of the fish gut are pre-

served in 5% formaldehyde before the observation pro-

cess. The volume of the gut contents is measured by 

volumetric method of water displacement techniques 

(Biswas, 1993). Each fish feed sample was taken 3-5 
drops and poured into the Sedgwick Rafter Counting 

Cell, then observed using a 4 × 10 magnification binoc-

ular microscope. Each type of food contained in the fish 
gut is identified and grouped to determine its propor-
tion. Specifically, for feed in the form of fish or pieces 
of fish, molecular analysis is carried out with the direct 
sequencing method to determine the species of prey. 

2.3 Data analysis

 Data analysis included relative intestine length, 

frequency of occurrence, index of the largest part, and 

trophic level of shortfin scads.

Where, 

PU = Intestine Length (cm)
PT = Body Length (cm)
Relative Intestine Length formula (Nikolsky, 1993);

Where,

FK = Occurrence  frequency

Ni = Organism total quantity
I = total gut contents

Occurrence Frequency (Effendie, 1979);
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Where,

 Vi = percentage of i-type fish food volume
 Oi = percentage of frequency occurrence of type i food

 n =  number of fish food organisms (i = 1, 2, 3, ..., n)
 IP = index of propenderence (%)
Index of preponderance formula (Biswas, 1993);

3. Results and Discussion
3.1 Result

 There are 325 shortfin scads gathered from 
Gunungkidul waters, of those had length between 20.7 

– 37.6 cm and weight between 83 – 383 g. The sample 

Sex Quantity (N) Average Length (min-max) (cm) Average weight (min-max) (gr)
Male 176 25,6 (20,7–37,6) cm 158,1 (83–383) g
Female 149 26,4 (21,8–31,6) cm 176,1 (97–308) g

Where,

 Tp = fish trophic level
 Ttp = trophic level of the p-food group

 Ip = index of the largest share for the p-food group

Trophic level formula (Caddy and Sharp, 1986);

Figure 1.  Location of Sadeng Beach, Gunungkidul waters, D.I Yogyakarta indicating sampling site of shortfin scad        
(Decapterus macrosoma).

that had feed within its gut was 273 (84%), most of them 
had a length between 25.1 – 27 cm (34.2%) and few 
were measured more than 31 cm (2.2%). Their weights 
were measured at 161 – 190 g (25.2 %) and 4.9% were 
less than 100 g of weight (Table 1). 

Table 1. The distribution of length and weight of shortfin scad based on sex
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Fish as the main food dominates the entire class size of 

shortfin scads. Phytoplankton such as Gymnodium sp., 

Leptocylindrus sp. and Triceratium sp. were not found in 

sizes > 31.1 cm, but can be found in sizes 27.1 – 29.0 cm. 
Rhizosolenia sp. is phytoplankton that has the highest IBT 
value of 16.71%. Foods such as shrimp and zooplankton 

were not found in the <23.0 cm size class. Zooplankton 

types such as copepods show IBT values ranging from 
0.235 to 3.173% while crustacean larvae range from 

0.001 to 0.115%. Debris was found in fish sizes ranging 
from 23.1 to 29.0 cm. Younger shortfin scads and more 
mature shortfin scads experience a change in diet. 
 Shortfin scads are a type of carnivorous fish in 
the food chain at Gunungkidul waters (2.75-3.0). The 
trophic level of shortfin scads based on size class is 
presented in Table 4. Further identification with molecular 
methods shows that the main food of Shortfin scads from 
Gunungkidul waters is C. saira. The phylogenetic tree 

of the Cololabis saira species is presented in Figure 5.

 The relative intestine length of shortfin scads 
was between 0.31 – 0.57 and averaging at 0.41 – 
0.52 (Table 2). Hence, it classifies shortfin scads as a 
carnivore. The total intestine lengths of shortfin scads 
were between 6.4 – 18.2 cm and averaging in 9.2 – 17.3 
cm. The longer total intestine length makes the relative 

length value high as well (Figure 2). 
 Fish can be found in all of the shortfin scads gut, 
either in male or female (Occurrence frequency 100%).  
Other type of food had less than 50% occurrence are 

as follows; zooplankton (male 36.3%; female 42.2%), 
phytoplankton (male 24.4%; female 24.2%), prawn 
(male 21.8%; female 18.9%) and debris (male 2.1%; 
female 6.6%) (Figure 3). 
 The food type of shortfin scads consists of 
5 groups; fish classified as main food (IBT 84.15%), 
phytoplankton as supplemental feed (IBT 8.91%), 
zooplankton and prawn as additional food (each had IBT 
value of 4.47% and 3.19% respectively), while debris was 

observed on a negligible level (IBT 0.16%) (Figure 4). 
 

 Class Size 
(cm)

Quantity 
(N) 

Intestine Length 
(cm)

Intestine Relative 
Length

Notes 
(Nikolsky, 1963)

<23 20 6,4–12,0 0,31–0,54 Carnivores

23,1–25,0 78 7,8–13,6 0,33–0,57 Carnivores
25,1–27,0 91 9,2–15,5 0,35–0,56 Carnivores
27,1–29,0 57 11,1–15,9 0,40–0,56 Carnivores

29,1–31,0 22 14,3–16,3 0,43–0,56 Carnivores
>31,1 6 16,7–18,2 0,48–0,53 Carnivores

Figure 2. The average of gut length and relative gut length of shortfin scad

Table 2. The distribution of relative gut length of shortfin scad based on size class 

Note: The relative intestine length of fish is divided into three, namely carnivores (<1), omnivira (1-3) and herbivores (> 3).
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Figure3. The ccurence frequency of shortfin scad

Figure 4. Index of propenderence of shortfin scad

Figure 5. Phylogenetic tree of Cololabis saira species consumed by shortfin scad as its main food
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Food Type
IBT (%)

<23,0 23,1–25,0 25,1–27,0 27,1–29,0 29,1–31,0 >31,1
Phytoplankton
Amphisolenia sp. 0,006 0,014 0,281 0,018 0,002 0,075

Chrysonephos sp. 0,000 0,004 0,000 0,033 0,058 0,075

Creseis sp. 0,013 0,011 0,005 0,002 0,008 0,000

Diatoma sp. 0,762 0,629 0,242 0,079 0,290 0,281

Eutintinnus sp. 0,028 0,03 0,009 0,019 0,007 0,014

Frustalia sp. 1,815 0,854 0,990 1,094 1,810 2,159

Gymnodium sp. 0,001 0,000 0,001 0,001 0,004 0,000

Leptocylindrus sp. 0,002 0,012 0,003 0,003 0,004 0,000

Nostochopsis sp. 0,003 0,003 0,016 0,076 0,620 3,680

Oscillatoria sp. 0,003 0,025 0,013 0,004 0,002 0,006

Podolampas sp. 0,008 0,044 0,006 0,002 0,003 0,000

Prorocentrum sp. 0,001 0,009 0,006 0,004 0,000 0,007

Rhizosolenia sp. 12,29 16,71 9,609 4,438 0,778 9,474

Synedra sp. 0,566 2,054 0,147 0,384 0,357 0,580

Thalassiosira sp. 9,258 5,302 2,591 3,266 6,506 9,961

Triceratium sp. 0,000 0,002 0,001 0,001 0,000 0,000

Zooplankton
Copepod 0,000 0,235 0,219 2,149 1,564 3,173

Crustacean larvae 0,000 0,001 0,012 0,115 0,081 0,035

Prawn 0,000 0,004 0,002 0,109 0,138 0,155

Fish 75,23 75,04 92,11 93,21 90,52 78,72

Debris 0,000 0,002 0,000 0,003 0,000 0,000

Class Size (cm) Trophic level Notes (Cardy & Sharp, 1986)

<23 2,75 Omnivore-Carnivore

23,1–25,0 2,76 Omnivore-Carnivore

25,1–27,0 3,0 Carnivore

27,1–29,0 3,0 Carnivore

29,1–31,0 2,95 Omnivore-Carnivore

>31,1 2,76 Omnivore-Carnivore

3.2 Discussion
 The shortfin scads (D. macrosoma) obtained 

in the waters of Gunungkidul had varying lengths 

and weights, ranging in length from 20.7 to 37.6 cm 

and weighs around 83-383 g. Research conducted by 

Sangadji (2016) in Central Maluku showed that male

shortfin scads size ranged from 12.5 to 32.1 cm, while 
female fish size ranged from 14.5 to 32 cm. Whereas 
the average length of Decapterus spp. in Eastern China 

waters have a larger size, ranging from 28.6 to 37.1 

cm. Biological parameters (length and weight) are 
highly important to show the growth of fish populations 

Table 3. Index of propenderence of shortfin scad based on size class

Table 4. Trophic level of shortfin scad based on size class

Noted: The trophic level of fish can be divided into four categories namely 2.00-2.49 (herbivores), 2.5-2.74 (omnivores), 2.75-
2.99 (omnivores-carnivores) and ≥3 (carnivores) 
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in order to evaluate sustainable fisheries (Jin et al., 

2015). Factors that influence fish growth include the 
amount and size of food available, water temperature, 

dissolved oxygen, fish age, size, and gonad maturity 
(Nikolsky, 1963). Male and female fish have different 
growth rates and different migration patterns to meet the 
needs of food and energy sources (Dhurmeea, 2016).

 According to Honebrink (2000), Decapter-

us spp. is a   plankton feeder as a prey for small fish 
and crustaceans. Shortfin scads (D. macrosoma) at 

Gunungkidul waters indicate that both young and 

adult fish consume small fish and are carnivores with 
a relatively long intestine length range of 0.31-0.57 

cm (<1). Crustacean larvae are found in the class size 
of 27.1–29.0 cm. Zooplankton, such as copepod and 
shrimp, are found in the scads gut in all sizes except 

in the < 23.0 cm size class. According to Ginderdeuren 

(2014), various types of copepods are found to be the 

prey for small pelagic fish. Phytoplankton is also found 
in all size classes, although in small amounts. In fish, 
specifically an omnivorous- carnivorous adult, the 
presence of plankton may be an incidental food that 

is carried into the digestive tract of fish. Nevertheless, 
the movement of phytoplankton in waters can control 

and determine trophic level biomass in the structure of 

marine ecosystems through food webs (Frank et al., 

2007). The zooplankton community may also function 

as primary productivity in the food chain because it 

has a trophic ecosystem function (Richardson, 2008).

 The largest part index (IBT) can describe food 
habits and find out various types of scads’ favorite food 
(Effendie, 1997). The highest feed preference showed 
that fish (IBT = 84.15%) as the main food shortfin scads 
in the waters of Gunungkidul. The research of Kulbic-

ki et al., (2005) stated that more than 70% of Carangi-

dae fish groups in New Caledonia waters consume fish 
as the main food. Phytoplankton is consumed as sup-

plement food (IBT = 8.91%) while zooplankton (IBT 
= 4.47%) and shrimp (IBT = 3.19%) are consumed 
as complemental food. It allows shortfin scads to eat 
phytoplankton and zooplankton because, at that time, 

smaller fish preys on several types of plankton. Accord-

ing to Ory et al., (2017), Decapterus spp. originating 

from the South Pacific waters, capture zooplankton in 
a type of copepod (20%) transparent and blue. Mean-

while, flying fish caught in the waters of Southeast Su-

lawesi consume 94% zooplankton (Bubun et al., 2014). 

Decapterus spp. experience changes in food preferenc-

es caused by several factors, including the length, age 

of fish, availability, and abundance of fish food sources 
that tend to fluctuate (Pauly & Watson, 2005). The effec-

tiveness of fish in finding prey is also influenced by light 
intensity, temperature, avoidance behavior of the ene-

my, the width of mouth opening, food density, and types 

of food that can be digested by fish (Gerking, 1994).

Based on the value of frequency of occurrence, de-

bris eaten by shortfin scads in Gunungkidul waters is 
2.1% (male) and 6.6% (female). Debris found in the 
content of scads gut is fine sand, pieces of ropes, and 
polymer plastic. The presence of sand in fish gut proves 
that fish have consumed on benthic organisms (Ala-

torre-Ramirez et al., 2013). Similar results were also 

found in shortfin scads at Makassar waters, which also 
found anthropogenic debris (29%) in the form of sty-

rofoam and plastic pieces (Rochman et al., 2015). Pe-

lagic fish usually prey based on color, size, and shape 
to select anthropogenic plastic flakes (Collard et al., 

2015). The presence of plastic debris that floats on the 
surface and water column is considered as prey so that 

predation errors will occur. Choy & Drazen (2013) 
also added that plastic flakes are ingested in pelag-

ic fish found near the water surface when fish are in 
the process of being transported onto fishing vessels.
 Food composition can be used to estimate the 

trophic level of fish in an aquatic ecosystem (Hart & 

Reynolds, 2002). Trophic levels indicate the presence 

or status of fish and other organisms in food webs (Ster-

giou et al., 2007). Trophic level describes the order 

of the level of food and energy utilization of primary 

producers, primary consumers, secondary, tertiary, and 

top predators (Almohdar & Souisa, 2017). The tro-

phic level of shortfin scads in Gunungkidul waters is 
3.01, which shows that shortfin scads are categorized 
as a carnivore in food webs. Similar results were also 

found in fly fish in Mangaluru Beach, carnivorous fish 
that consume shrimp and cuttlefish as main food (As-

wini et al., 2016). Based on the results of the trophic 
level analysis, shortfin scads in Gunungkidul waters 
are included in level IV, while those below are level 

I: phytoplankton, level II: zooplankton, and level III: 

small shrimp or small fish. Menard et al., (2006) states 

that in marine ecosystems, large fish are predators of 
smaller fish so that it suffices nutrient necessity. There-

fore, the main prey of fish plays an important key role 
in food webs (Potie, 2011). In general, small pelagic 

fish have close links with lower and upper trophic lev-

els in the marine ecosystem; therefore, they become a 

supporting factor for fisheries (Tiphaine et al., 2015).

 Fish samples in the gut are analyzed molecularly 

to determine the type of fish as its main food. The results 
of the molecular analysis of the fish samples were rec-

ognized as C. saira (99%; 343/345 bp). Baitaliuk et al.,

(2013) state that C. saira are generally of medium size 

and are often eaten by carnivore fish. Tseng et al., (2014) 
also mentioned that this fish is epipelagic nekton and has 
a high migration rate to find the food and fulfil their nutri-
ent necessity. The C. saira likely became the target of D. 

macrosoma as prey when they migrate through the same 

route. It is confirmed by Huang (2007) that the Pacific 
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saury (C. saira) is found in the high seas and appears the 

outside the waters of Japan’s exclusive economic zone.
 The composition of shortfin scads food can be 
used to learn more about the population, habitat from 

interactions between prey and predators. The interaction 

is significantly not only influenced by environmental 
factors but also intra and inter-species competition 

in obtaining nutrients. Furthermore, the results are 

expected to be the basis of environmental management 

in terms of biological aspects.

4. Conclusion

 The composition of shortfin scads food consists 
of five groups namely fish, phytoplankton, zooplankton, 
shrimp, and debris. Shortfin scads have different food 
preferences between juvenile and adult fish. Shortfin 
scads are carnivorous fish, which consume mostly C. 

saira.

Acknowledgements
 We thank to Ana Ariasari and Bella Pradita 
Agustina for assistance during this research.

Authors’ Contributions

 FL collected the data, drafted the 

manuscript and designed the figures. RIA 
and ES devised the main conceptual ideas 

and critical revision of the article. All authors 

discussed the results and contributed to the 

final manuscript.
Conflict of Interest
 The authors declare that they have no competing 

interests

Funding Information
 This research was partially supported by 

Universitas Gadjah Mada with grant number: 91/UN1/
DITLIT/DIT-LIT/LT/2018.

References
Alatorre-ramirez, V. G., Galvan-magana, F., & 

Torres-rojas, Y. E. (2013). Trophic habitat of 

the    Pacific shrapnose shark (Rizoprionodon 

longurio) in the Mexican Pacific. Journal of the 

Marine Biological Association of the United 

Kingdom, 93(8): 2217–2224.
Almohdar, E., & Souisa, F. N. J. (2017). Komposisi jenis 

dan tingkat trofik (trophic level) hasil tangkapan 

bagan di Perairan Desa Ohoililir, Kabupaten 

Maluku Tenggara. Jurnal Sumberdaya Akuatik 

Indopasifik, 1(2): 43–51. 

Ashwini, L., Benakappa S., Anjanayapp, H. N., & 
Akshay, L. (2016). Food and feeding habits of  

indian scad, Decapterus russelli (Ruppell, 1830) 
from Mangaluru Coast. International Journal 

of    Engineering Science and Computing, 6(6): 
7389–7393. 

Astuti, E., Abduljabarsyah, & Irawati. (2005). Studi 
aspek kebiasaan makanan ikan Nomei 
(Harpodon nehereus Nam Buch, 1822) yang 
tertangkap di perairan Juata Laut Tarakan. 

Tarakan: Borneo  University Library. 

Baitaliuk, A. A., Orlov, A. M., & Ermakov, Y. K. 
(2013). Characteristic features of ecology 
of the       Pacific Saury Cololabis saira 

(Scomberesocidae, Beloniformes) in open 
waters and in the Northeast Pacific Ocean. 
Joural of Ichthyology, 53(11): 899–913. 

Behzadi, S., Kamrani, E., Kaymaram, F.,  & Ranjbar, 
M. S. (2016). Trophic level, food preference 
and feeding ecology of Rachycentron canadum 

(Linnaeus, 1766), in Hormuzgan Province 
waters (Northern Persian Gulf and Oman Sea). 
Iranian Journal of Fisheries Sciences, 17(1): 
179–193.

Biswas, S.P. (1993). Manual of methods in fish biology. 
New Delhi: South Asian Publishers. 

Bubun, R. L., Simbolon, D., Nurani, T. W., & Wisudo, 
S.H. (2014). Tropik level pada daerah 
penangkapan ikan yang menggunakan light 

fishing di Perairan Sulawesi Tenggara. Marine 

Fisheries,  5(1): 58–66. 
Caddy, J. F., & Sharp, G. D. (1986). An ecological 

framework for marine fishery investigations. 
FAO   Fisheries Technical Papers No. 283. 152 
pp. 

Choy, C. A.,  & Drazen, J. C. (2013). Plastic for dinner? 
Observations of frequent debris ingestion by 

pelagis predatory fishes from the central North 
Pacific. Marine Ecology Progress Series, 485: 

155–163.
Collard F., Gilbert, B., Eppe, G., Parmentier, E., & Das, 

K. (2015). Detection of Antrophogenic particles 
in fish stomach: an isolation method adapted 
to identification by Raman Spectroscopy. 
Archives of Environmental. Contamination and. 

Toxicology, 69: 331–339.
Dhurmeea, Z., Zudaire, I., Chassot, E., Cedras, M., 

Nikolic, N., Bourjea, J., West, W., Appadoo, 
C., & Bodin, N. (2016). Reproductive Biology 
of Albacore Tuna (Thunnus alalunga) in the 

Western Indian Ocean. Plos ONE, 11(12): 3–22. 
Ditty, J. G., Shaw, R. F.,  & Cope, J. S. (2004). Distribution 

of carangid larvae (Teleostei: Carangidae) and 

concentrations of zooplankton in the northern 

Gulf of with illustration of early    Hemicaranx 



JIPK. Volume 11 No 2. November 2019 / Food Preference of Shortfin Scad (Decapterus macrosoma) at the Southern Waters ......

Copyright ©2019 Universitas Airlangga November  2019 27

amblyrhynchus and Caranx spp. larvae. Marine 

Biology, 145: 1001–1014. 
Effendie, M.I. (1997). Biologi Perikanan. Yogyakarta: 

Yayasan Pustaka Nusatara.
Frank, K.T., Petrie, B.,  & Shackell, N. L. (2007). The 

ups and downs of trophic control in continental 

shelf ecosystems. TRENDS in Ecology and 

Evolution, 22(5): 237–242.
Gerking, S. D. (1994). Feeding ecology of fish (pp. 

3-385). California: Academic Press. 

Ginderdeuren, K. V., Vandendriessche, S., Prossler, Y., 

Motala, H., Vincx, M., & Hostens, K.(2014). 
Selective feeding by pelagic fish in Belgian 
part of thhe North Sea. ICES Journal of Marine 

Science, 71: 808–820.
Hanson, J. M.,  & Chouinard, G. A. (2002). Diet of 

atlantic cod in the Southern Gulf of St. Lawrence 

as an index of ecosystem change, 1959-2000. 

Journal of Fish Biology, 60 (4): 902–922.
Hart, P. J. B., & Reynolds, J. D. (2002). Handbook of 

fish biology and fisheries. Volume 2 Fisheries. 
Blackwell Publishing. 217–219 pp.

Honebrink, R. R. (2000). A review of the biology of the 
family Carangidae, with emphasis on species 

found in Hawaiian waters. Department of Land 

and Natural Resources. 22 pp. 
Huang, W. B., Lo, N. C. H., Chiu, T. S., & Chen, C. 

S. (2007). Geopgraphical distribution and 
abundance of pacific saury, Cololabis saira 

(Brevoort) (Scomberesocidae), fishing stocks 
in the       Northwestern Pacific in relation to 
sea temperat ures. Zoological Studies, 46(6): 
705–716.

Jin, S., Yan, X., Zhang, H., & Fan, W. (2015). Weight-
length relationships and Fultons’s condition        
factors of skipjack tuna (Katsuwonus pelamis) 
in the western and central Pacific Ocean. PeerJ. 
1–11.

Jo, H., Gim, J. A., Jeong, K. S., Kim, H. S., & Joo, G. 

J. (2013). Application of DNA barcoding for     
identification of freshwater carnivorous fosh 
diets: Is number of prey items dependent on size 

class  for Micropterus salmoides?. Ecology and 

Evolution, 4(2): 219-229.  
Kimura, S., Katahira, K., & Kuriiwa, K. (2013). 

The red-fin Decapterus group (Perciformes: 
Carangidae) with the description of a new 

species, Decapterus smithvanizi. Ichthyological 

Research, 60: 241-248. 

Kocher, T. D., Thomas, W. K., Meyer A., Edwards 

S. V, Pääbo, S., Villablanca, F. X. & Wilson, 

A. C., (1989). Dynamics of mitochondrial 
DNA evolution in animals: amplification and 
sequencing with conserved primers. Proeedings 

of the. National Academy of  Sciences, 86: 

6196–6200. 
Kochzius, M., Seidel, C., Antoniou, A., Botla, S. 

K, Campo, D., Cariani, A., Vazquez, E. G., 

Hauschild, J., Hervet, C., Hjorleifsdottir, S., 

Hreggvidsson, G., Kappel, K., Landi, M., A., 

Magoulas, V., Marteinsson, M.,  Nolte, S., 
Planes, F., Tinti, C.,  Turan, M. N., Venugopal, 
H. Weber, & Blohm, D. (2010). Identifying 
fishes through DNA Barcodes and microarrays. 
Plos ONE, 5(9): 1–15.

Kulbicki, M., Bozec, Y. M., Labrosse, P., Letourneur, 
Y., & Mou-Tham, G. (2005). Diet composition 
of carnivorous fishes from coral reef lagoons 
of New Caledonia.  Aquatic Living Resources, 

18(3):       231–250. 
Mata-Sotres, J. A., F. J Moyana, G. Martinez-Rodriguez, 

& M. Yufera. (2016). Daily thythms of digestive 
enzyme activity and gene expression in gilthead 

seabream (Sparus aurata) during ontogeny. 

Comparative Biochemistry and Physiology 

Part A: Molecular & Integrative Physiology, 

97: 43–51.
Menard, F., Labrune, C., Shin, Y. J., Asine, A. S., & 

Bard, F. X. (2006). Opportunistic predation in 
tuna: a size-based approach. Maine Ecology 

Progress  Series, 323: 223–231.
Nath, S. R., Beraki, T., Abraha, A., Abraham, K., & 

Berhane, Y. (2015). Gut contents analysis of 
Indian Mackerel (Rastrelliger kanagurta). 

Journal of Aquaculture & Marine Biology, 

3(1): 1–5.
Nikolsky, G. V. (1963). The ecology of fishes. Translated 

by: L. Brikett. London and New York: Academic 
Press. 352 pp. 

Ohshimo, S., Shiraisi, T., Tanaka, H., Yasuda, T., Yoda, 

M., Ishida, H., & Tomiyasu, S. (2014). Growth 
and reproductive characteristics of the rougher 

Decapterus tabl in the East China Sea. Japan 

Agricultural Research Quarterly, 48(2): 245–
252.

Ory, N.C., Sobral, P., Ferreira, J.L., & Thiel, M. 
(2017). Amberstripe scad Decapterus muroadsi         

(Carangidae) fish ingest blue microplastics 
resembling their copepod prey along the 

Coast of Rapa Nui (Easter Island) in the south 
Pacific subtropical grey. Science of the Total 

Environment. 586: 430–437.
Pauly, D., & Watson, R. (2005). Background and 

interpretation of the Marine Trophic Index 

as a  measure of biodiversity. Philosophical 

Transactions of the Royal Society, 360: 415–
423. 

Potier, M., Menard, F., Benivary, H.D., & Sabatie, R. 
(2011). Length and weight estimates from 
diagnostic hard part structure of fish, crustacea 



28 Jurnal Ilmiah Perikanan dan Kelautan

Friyuanita et al. / JIPK, 11(2):19-28

and cephalopods forage species in the western 

Indian Ocean. Environmental Biology Fish,  92: 

413–423.
Richardson, A. J. (2008). In hot water: zooplankton 

and climate change ICES Journal of Marine 

Science, 65: 279–295.
Rochman,  C. M., Tahir, A., Williams, S. L, Baxa, D. V, 

Lam, R., Miller, J. T., The, F. C., Werorilangi, 

S., & The, S. J. (2015). Anthropogenic debris in 
seafood: Plastic debris and fibers from textiles in 
fish and bivalves sold for human consumption. 
Scientific Reports, 5: 1–10.  

Sangadji, M. (2016). Hubungan panjang-bobot dan 
faktor kondisi ikan momar putih (Decapterus  

macrosoma Bleeker, 1851) di perairan pantai 
selatan pulau Haruku Maluku Tengah. Jurnal 

Ilmiah       Agribisnis dan Perikanan,  9 (2): 
25–29. 

Shirota, A. (1996). The plankton of south of Viet-Nam. 
Japan: Overseas Technical Cooperation Agency. 

Stergiou, K. I., Moutopoulus, D. K., Casal, H. J. A., & 
Erzini, K. (2007). Trophic signatures of small-
scale fishing gears: implication for conservation 
and management. Marine Ecology Progress 
Series,  333: 117–128. 

Tiphaine, C., Violamer, L., Aurelie, D., Paco, B., 
Francoise, M., Cecilia, P. M., & Christine, D. 
(2015). Small pelagic fish feeding patterns in 
relation to food resource variability: an isotopic 
investigation for Sardina pilchardus and 
Engraulis encrasicolus from the Bay of Biscay 
(north-east Atlantic). Marine Biology, 162(1): 
15–37. 

Tseng, C. T., Sun, C. L., Belkin, I. M., Yeh, S. Z., 
Kuo, C. L., & Liu, D. C. (2014). Sea surface 
temperature fronts affect distribution of Pacific 
Saury (Cololabis saira) in the Northwestern 
Pacific Ocean. Deep-Sea Research II, 107: 15–
21.

Wahju, R. I., Zulkairnain, & Mara, K.P.S. (2011). 
Estimasi musim penangkapan layang 
(Decapterus spp.) yang didaratkan di PPN 
Pekalongan, Jawa Tengah. Buletin PSP, 19(1): 
105–113. 


