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Feeding Habits of the Jack Mackerel Trachurus japonicus in the Southern
Sea of the Republic of Korea

Ye Ji Lee*, Jeong Hoon Lee and Young Hye Lee

Fisheries Resources Management Division, National Institute of Fisheries, Busan 46083, Korea

The feeding habits of the Japanese jack mackerel Trachurus japonicus were studied in the Southern Sea of the Re-
public of Korea. To assess the effects of season, sampling was conducted in February (winter), May (spring), and
August (summer), 2020. The total length of each fish was measured in 1 cm intervals. Diet composition showed the
highest species diversity during winter. Diet composition changed from copepods to euphausiids as the total length
of jack mackerel increased, except during winter. The most important seasonal prey were copepods in winter and
summer and euphausiids in spring. Species diversity of the zooplankton community structure was highest in winter.
Among the zooplankton communities, copepods were dominant in all seasons. Species with a high electivity index in
all seasons were relatively large zooplankton of >2 mm. Jack mackerel had ontogenetic diet change, exhibited diet
selectivity depending on size, and its feeding habits were affected by the zooplankton community structure.
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M 2 A78012] Bo|7} Hi= T EEY A= A W HolrES
F7140 2 AZ & 4= = T AE Ado|th(Winder and
Jassby, 2011), EEZeHE 27 220 HES EEZaIE
A4 oFe] 2715 #e-stA, o AEiA Weld 94 olF
= HHRE & ol 7ok 22 A9 A A ARA Fike =
4= 9% ® o2 Mollmann et al., 2008; Ljungstrom et al.,

2020), vtH| g L EFAEL] FEE 2= T A Holw
Tz Yol A e Fa3F 93k 3§gteH(Zollner et al., 2009).
b FEEEEE F] 2ARE P EHAY] S5 et

7Y 0)( Trachurus Japomcus)t Syt A s 5=
aff, Y29 7 Tl Bl EEshs ToRH A, A
Ao Z o 7}A] = ofFo|H(Hirota et al., 2004; Kasai
et al., 2008; Lee et al., 2016) 2-2|u2} Z35]-8-0] & F(total al-
lowable catch, TAC) tA} o150 24 A3st 227t Ha
SltH(Hwang et al., 2015). 0|5 9JslA= A7go| 2] Aefa <
7} olgol Hokatu, o] 5 A 4IAE] 1 of59] o] Al

A, AAA A T1ejan JofetA] 9] A 0] H= vk
7801 9] Akl B2} k] S A =2 o|th(Stergiou and
Karpouzi 2002). o] A-tol| wh2 A 7ol 9] A2 S EE
S 3 Ho| 2 3l S I EAAZ(Huh and Cha, 1998; Sassa
and Tsukamoto, 2012) A/EHA ol & 3= Z 02 A Q1o
o, gl weh 27|17 A2 FEEEAEA A7 E 5=
Z9E 9 29 0|59 LMol 5O HeEh A0 U
7] Qlth(Hirota et al., 2004).
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A780] -2 o] Hofloll A A ARRA 20201 24
(A=), 59(®), 84(o15)0ll A8 ch(Fig. 1). A7gol= A
EZ29 gt A4 2.9 knotE 3027t ool sk,
12 (total length)} 5 (total weight)E SA%H 5 & &
Z5to] 10% 574 =gl agsiiet. A7go]9) 9] W&
52 71535t 3 £ &R 5745 th(Meitsuo and Masaaki,
1997). 9] W-&& £2 =27]9 445 A5 Hsl =24
o]2rAl(cumulative prey curve)S ©|-8-51% 31 (Ferry and Cail-
lit, 1996), 5745 Wo] 42| A2 1004 F2-2)5} 51]
W REFHARE T4l YRRl s EEYEES W
80 cm, '8+ 330 um Bongo netE- ]85+ 27 & 90% of
ghgof agstileh FEEEAE Al 7He e o T A
S5 th(Mitsuo and Masaaki, 1997). s34 H 552435
F Q7RE WL 71202 2 mm v]Rhe 235, o421
FEoE FEsI o, Q7FE ARt FEEYAE 9A
dE71ES A48ote] 2% sEEdaE Hd seEEaE
o7 RSk

A WeE BEAAT= AEa A4 (index of relatively
importance, IRI)E 2](1)& ©]-83}o] 53+ F(Laroche, 1982)
uRgE Skslo] ATiERAASHI%IRE QIS Tolo]
shstsict
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total

2 Aof|A] %N Hol & T ANl et WEE, %W
Hol|WE F Sl tiet vl&, %Fi= 2 Hol¥as =3 vl
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o2 7F Ho & thgh M7gole] dejAd2 4l(3)e] A
B 2] (Electivity index, E)E ©]-835Fo] L5l tH(Ivlev,
1961).
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Fig. 1. Sampling site in Southern sea of Republic of Korea. Dashed
line, sampling site.

ESE Primer 6 322 713 9] Bray-Curtis A= Z|4>(similarity
index)E ©|-8-5}31t}

40
=
00
Mo
B

>

4

oY AUE=s =4

o
o A5 Aol F 267 A olu, BHo 2 1}
[e]

~

A7
ER 7N A= 14270 A 24 552 53.2%81 T} Hol & A Algt
1257041 H/do= et FAH o] A2 123704l A A
Aol FAdste] & A9 A= Yoo fYE=E =
ARE AYstr]ofl A -skthFig. 2). 789 =@ A% H
+ 6 cm ©]/ 28 cm w|Rko| $lk(Fig. 3). ZF A H == FA ol
14 cm o] 28 cm w|FFO] HAFto] EHsHG on o]F 16-17
cm Aol 7Hg w2 Nl g S5t EA0l= 6 cm ©|
% 22 em nREY] HAFGEo] EASHAL, o]F 7MY =& Rk
2 Uepd A2 20-21 em Aol it 1A= 10 cm ©]
4} 25 em t|Rke] Aol EEEH L 12-13 em AAE0] 7
=2 R S B3 BE Al A e Wt
AEE A oL A S Ato] E3sHA] ehgle A
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Fig. 2. Cumulative prey curves (prey taxa per stomach) for jack
mackerel Trachurus japonicus collected in Southern sea of Repub-
lic of Korea from winter to summer 2020. Thin dotted line, Stan-
dard deviation after 100 permutation.
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Fig. 3. Size frequency distribution of jack mackerel Trachurus ja-
ponicus collected in Southern sea of Republic of Korea from win-
ter to summer 2020.
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Fig. 4. Diet composition by total length group of jack mackerel Trachurus japonicus collected in Southern sea of Republic of Korea from

winter to summer 2020.
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Fig. 5. Similarity of diet composition between total length groups of jack mackerel Trachurus japonicus colledted in Southern sea of Repub-
lic of Korea from winter to summer 2020. Grey dot, each total length group; Dotted line, 60% similarity line.
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2 Al A B AR EEE o R o] Fole 8277 7
S 702 Uepelth 21948 Uehl AL oA 2E 7
Aol dAlsEwol &3l Y= ERwe s, $A419 FA o= o
2 U sHAol= deirt ol 2 UEth 5
Aol £383%t 2 7VF+= A%E9| Paracalanus parvus s.1.0] %

o] 21942 o & 521 Euchaetidae ] 3-8 7} 423 521 Clau-
socalanus furcatus <=2 2 UEFHTHTable 2A). &4 =3 &
2= @SR C. sinicus7t 7WA|5H] 23.3%= 2975131
ou] LML BT CjFF0 R B Calanus o] $43

Table 1. Diet composition of jack mackerel Trachurus japonicus collected in Southern sea of Republic of Korea in winter (A), spring (B)

and summer (C) 2020
(A)

Prey item %F %N %W IRI %IRI
Copepoda 96.6 97.2 94.0 18,462.5 98.9
Calanidae spp. 34 + + 0.1 +

Calanus sinicus 36.2 27.9 8.0 1,299.5 7.0
Candacia bipinnata 379 0.6 0.2 31.5 0.2
Candacia spp. 6.9 0.1 + 0.8 +
Clausocalanus spp. 1.7 + + + +
Corycaeidae spp. 1.7 + + + +
Eucalanus spp. 1.7 + + + +
Euchaetidae spp. 20.7 13.4 16.1 609.7 3.3
Euchaeta plana 1.7 + + + +
Oncaea spp. 121 0.1 + 14 +
Paracalanus spp. 1.7 0.5 0.3 14 +
Paraeuchaeta elongata 65.5 46.8 67.4 7,481.5 40.1
Pleuromamma gracilis 6.9 + + 04 +
Rhincalanus spp. 34 + + 0.1 +
Scolecitrichidae spp. 34 + + 0.1 +
Undinula vulgaris 34 + + 0.1 +
Unidentified copepoda 6.9 7.6 2.0 65.8 04
Euphausiacea 17.2 0.9 4.7 954 0.5
Euphausia spp. 17.2 0.9 4.7 954 0.5
Amphipoda 224 0.2 0.1 6.2 +
Hyperidae spp. 224 0.2 0.1 6.2 +
Ostracoda 67.2 1.3 0.1 97.3 0.5
Conchoecia spp. 67.2 1.3 0.1 97.3 0.5
Sagittoidea 121 0.1 0.2 3.7 +
Sagittidae spp. 121 0.1 0.2 3.7 +
Decapoda 19.0 0.2 0.2 7.9 +
Leptochela spp. 1.7 + + + +
Unidentified brachyuran zoea 1.7 + + + +
Unidentified macrura larvae 19.0 0.2 0.1 6.3 +
Decapoda eggs 1.7 + + 0.1 +
Gastropoda 34 + + 0.1 +
Pisces 34 + 0.8 2.7 +
Total 100.0 100.0 18,675.7 100.0

+, less than 0.1.



7o) o] 44

69

(B)
Prey item %F %N %W IRI %IRI
Copepoda 40.0 29.9 38.8 2,749.6 24.0
Calanus sinicus 8.6 4.7 0.3 42.7 0.4
Euchaeta plana 1.4 13.1 38.0 584.2 5.1
Paracalanidae spp. 14.3 3.0 + 42.9 0.4
Unidentified copepoda 5.7 9.2 0.5 55.1 0.5
Euphausiacea 68.6 64.0 60.8 8,556.3 74.8
Euphausia spp. 68.6 64.0 60.8 8,556.3 74.8
Amphipoda 22.9 4.0 0.3 100.0 0.9
Hyperidae spp. 1.4 04 + 5.1 +
Unidentified amphipoda 1.4 3.6 0.3 45.0 0.4
Ostracoda 22.9 1.6 + 37.0 0.3
Conchoecia spp. 22.9 1.6 + 37.0 0.3
Decapoda 8.6 0.3 + 3.1 +
Unidentified brachyuran megalopa 29 0.1 + 0.4 +
Unidentified brachyuran zoea 29 0.1 + 0.3 +
Unidentified macrura larvae 29 0.1 + 0.3 +
Sagittoidea 29 0.1 + 0.4 +
Sagittidae spp. 2.9 0.1 + 0.4 +
Total 100.0 100.0 11,446.5 100.0
+, less than 0.1.
©
Prey item %F %N %W IRI %IRI
Copepoda 78.1 89.2 78.2 13,079.8 88.0
Calanidae spp. 9.4 1.8 1.5 30.8 0.2
Calanus sinicus 65.6 87.0 76.3 10,718.8 721
Euchaeta plana 6.3 + + 0.3 +
Paraeuchaeta elongata 15.6 04 04 1.7 0.1
Euphausiacea 53.1 24 174 1,050.9 71
Euphausia spp. 53.1 24 17.4 1,050.9 71
Amphipoda 56.3 2.6 21 265.7 1.8
Hyperidae spp. 56.3 2.6 2.1 265.7 1.8
Ostracoda 59.4 53 1.8 420.1 2.8
Conchoecia spp. 59.4 5.3 1.8 4201 2.8
Decapoda 53.1 0.5 0.5 50.9 0.3
Belzebub sp. 6.3 + + 0.3 +
Leptochela spp. 219 0.3 0.3 14.1 0.1
Unidentified brachyuran megalopa 31 + + 0.1 +
Unidentified brachyuran zoea 21.9 0.1 0.1 3.8 +
Unidentified macrura larvae 6.3 + + 0.3 +
Polychaeta 3.1 + + 0.1 +
Total 100.0 100.0 14,867.6 100.0

+, less than 0.1.
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Eucalanidae?}2] -4 =0 2 UERTHTable 2B). 317419 &
217 4] e B AgFol &38k= P parvuss..1}t Acartia
omorii7} Z}7} A\ A 4=1] 25.6%2} 23.1%E UrERU o] $-33=
ofAbo] Upehton] 219-74% 0 2= Euchaetidae}2] 443}
C. sinicus7} 91 $ITH Table 2C). E&F 2F A 0] 3] 7FFAHE
Bl AT, BE 60% n|ghe s vt 7 Al of 3 7F At
T W2 202 YEpyith

MEE K|

2} Bo| 2] e AlEAS kil AlE X|4( E)= Ta-
ble 33} o] Uehgteh. $Ih 8ol A ZRHOL B0
A RS S FAIEE A5 1S A3k, 0.5 o 42)
& AEE 252 ekl 32 A dutc Aol skt A

Table 2. Zooplankton community structure in Southern sea of Re-
public of Korea in winter (A), spring (B) and summer (C) 2020
(The five taxa with the highest proportion)

EF2 Adx 25 YeRH YolAE2 P, elongata, Euphausia
spp. Unidentified macrura larvae, C. sinicus, Candacia bipin-
nata =02 e THTable 3A). A9 &2 AE = 2|1
£ YERH HolAE-2 Euphausia spp., E. plana, Unidentified
brachyuran megalopa <=2 2 L€ S o (Table 3B), 314 o=
C. sinicus, Euphausia spp., Hyperidae spp., Conchoecia spp.
%0 2 LEFGTH(Table 3C).
o E
Selute} dlotollA] Aol o] 4ele Ao Aol Ao
oreiA] glow] FoAwol 4 ST Aol 5o AT7HY

Table 3. Electivity index of jack mackerel Trachurus japonicus col-
lected in Southern sea of Republic of Korea in winter (A), spring
(B) and summer (C) 2020 (more than 0.5, less than 1)

(A)

(A) Prey item Electivity index (‘E)
Taxa Proportion (%) Copepoda
Copepoda Calanus sinicus 0.79
Clausocalanus furcatus 4.7 Candacia bipinnata 0.77
Euchaetidae spp. copepodite 7.8 Paraeuchaeta elongata 0.99
Paracalanus parvus s.l. 19.2 Euphausiacea
Ostracoda Euphausia spp. 0.90
Conchoecia spp. 15.9 Decapoda
Appendicularia Unidentified macrura larvae 0.86
Oikopleura spp. 5.1
(B)
B) Prey item Electivity index (‘E)
Taxa Proportion (%) Copepoda
Copepoda Euchaeta plana 0.96
Calanus sinicus 23.3 Euphausiacea
Calanus spp. copepodite 14.7 Euphausia spp. 1.00
Eucalanidae spp. copepodite 11.8 Decapoda
Euchaetidae spp. copepodite 1.5 Unidentified brachyuran megalopa 0.92
Ostracoda
Conchoecia spp. 74 ©
Prey item Electivity index (‘E)
(©) Copepoda
Taxa Proportion (%) Calanus sinicus 0.85
Copepoda Ostracoda
Acartia omorii 231 Conchoecia spp. 0.52
Calanus sinicus 6.9 Euphausiacea
Calanus spp. copepodite 6.5 Euphausia spp. 0.81
Euchaetidae spp. copepodite 10.9 Amphipoda
Paracalanus parvus s.|. 25.6 Hyperidae spp. 0.75
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o] E@sto] 119702 AstqlaL, Yg7dold 37t A7
o] 3-6¢Y Alo]ofli= 7 ecm o]5ke] 47 A7} h FE-S A4A]
SO 11 o] AgAsto] 99 o] S0l = tiRE o] A7 ol7t
12 cm o]AF9] A4S YEF It (Huh and Cha, 1998; Kim et
al,, 2011). & A-tofl A AldE = vehd H780] o] A2 o
SE|A] oF L AA| F )] AL O R U o) A= Kol UL
W], ol ZF AR A2 A F AR RS
o, 53] =A1 2] A-5- o] d Aot 7| = 71}l o] A= o
U Ao vhd A e ' AlR E sHA o= 7]E AT A=
7FAE o] St Al o= gtE

7Yol&(Trachurus)®] o= SFAEAROR, 4ol
w2 Holgto] dojub= Ao g d#fA lti(Huh and Cha,
1998; Tanaka et al., 2006). o]} 22 FEEFIAE A4 o]
79 Hol HedE TEEFIAEY W, 7994, 271 5
7PA1AQ1 8 Avo]] RS Wh=r}(Sassa and Tsukamoto, 2012;
Battaglia et al., 2020). H-57Jol|lA AAH d7gol& oz
UEES 2ARE AT} 7P A2 Aol 9 E 4-5 cm A
ol A= Q2RO SR oF 87%E iR AHA|EIIA]
7P 2 Al Y 14-15 em Aol A= 2279 H&
2 OF30%2 FAstole Wk opuel, @zbRef a2 Ai o] 7-9] vl
&0°| 753 th(Huh and Cha, 1998). A|5sfioflAl A€ A
78014:9] T. picturatus 9 A| 4-7 cm®] 2H-2 A7 to| A= 8.2F
F7F3 9ol g et 6 cm o] AT A= A AR,
Hith A o] 7, 955 59 #o] H|Fo] B obslthDeudero
and Morales-Nin, 2001). o]« 2. of| A A1 ¥ A 7o) o
o] 2k A A4(4.3-8.0 cm) Tt 2 AAH(8.0-15.2 em)2] 9 U]
GEo] Fo3t Aol & UetSlaL, 22 AatolA 8775
T2 Adolstglont & Aol A= 8779 HlEo] £l ]
WA F27)17F 2 AR ARl HlEo] sk TH(Kim et
al,, 2015). & A-Fol| A 2k Al o] ARt Hol &S] AL
=5 H| WS W 2717} Blsgt A7l e] frAket wol A
Aolsteierol UEh 278o] 9] Ao whet Hol Xpol 7}
S U 4= U B A AR 22 At 2
O 7 el o 2 AEY 2k Ao 2
= A4S SAE AR AE Y F At A=
T2 Ao 75 Aolste] 7 At 7He] Ho] Ao
Ureb o] et A A|sHI T gk A 9] AR A2 A
ol F7ketoll wheh 4% 224721 Paracalanus spp.ol| 4] tH3
[7V7<?1 E. plana®} C. sinicus= |} o] Zgto] doji} Ho|y=
O] Bt Ak R] ehgton; A7]oA 7 YEhl Sl
E3-sA L sHACl 7 Fadt Hol e 8RS " BH
A= ek o] Rl Al o &2 Urehyl=t] o] 3ok Al
Aol vsf] v A  HAto] EAo w2 HIE = Y7 o
O 2 Q7ML 0.5 o]0 =& A E 2|55 vehd Yo
e AUE=E T Uehd ol E2 £ oh= Aaglo] 7
AEER 55 ofstz FH A 0 = Lk} 7o) Blo] A9

S
Tl

EFAE A ol R S EETAE THY W FF T
L}, A) o] &o]| £3}= Abramis brama -3¢
© TR A7 FEEYAES Aolstle, ol5H0] |
o] & F2o vlgo] FA| WolA|A} 7|7} 22 FEEE
EZ Holste BG5S Btk Vijverberg et al., 1990). 2HE] 5|
(Baltic Sea)oll A A E STE A4 Kol 7 452 2ARHE
¥, 2t Fo] Adosh= Holeh 9] & 2A4o] th=A veht
o] 59 Hol= gt ol EATH= FEEFTLEY A 40
GFS Hh= 7 0 & YEltH(Lankov et al., 2010). S o]~
T oA Y E M) o] -2 oA A o= SHst
= HoES AR o & Aoldh= 71394 AR AL
2 UEPth(Kim et al., 2015). & oA 9 Y& 5 =¢
T e AR el sAlol wok=dl, ol TH e F
FdE Uehd 5419 s=Ed A= S BHol Sl AL

z

/
ALl QAR BAE 4R, A0l ik adoln
212k 90% o) Aolte] o] 2] glof 2 2ol 2 ek
9ich. ol ek Aol ZAN|7H EAlol 32%d Aol
]3] 5A10] aHl s 0.9%] Bustels] thio 2 AR,

webA] 2 ale) Aol azRe dul Aol R &
2 Aolshe SAaE A4S 7HA A4ke] S7bo] T uo]
Agto] Pofups A 0= Lpekitet. ol 2k vo] AL 7]
A] 7] 913k Bo] el S 7431 o] o] 2| A o2 weltt,
7ol A2 AEASE 1AL AEAE A & 4= Qo] e
O F28 Wyt ohUeh 4 A 02 1 FRA0] AR HE of
Fo2 A4 o] nzt ghel Bash, o2 )9
A 70lo] AR B4 A7t aste daolo) A4e
ef2el SA2 ofskar] 9la) BaHolul, FFolw A4
ol A7} LR g 202 AzhEch Ea Aol o] Ho] ol
el 4 ZASH FREFAE W] GRS WA OR
et FEEYAE 27 WEe] Fa4S sjeke 4 qlgle
o A7gole] A4 AE AN FREYAE 1Y RAE

Al AL

o] =2 2021 =g Atatsh (At EARY, R20
21028)2] Al Y o2 =5 Ayt

References

Battaglia P, Pagano L, Consoli P, Esposito V, Granata A, Gug-
lielmo L and Guglielmo R. 2020. Consumption of mesope-
lagic prey in the Strait of Messina, an upwelling area of the
central Mediterranean Sea: feeding behaviour of the blue
jack mackerel Trachurus picturatus (Bowdich, 1825). Deep
Sea Research Part I 155, 103-158. https://doi.org/10.1016/}.



72 ol A] - o]

dsr.2019.103158.

Deudero S and Morales-Nin B. 2001. Prey selectivity in plank-
tivorous juvenile fishes associated with floating objects in
the western Mediterranean. Aquacult Res 32, 481-490.
https://doi.org/10.1046/j.1365-2109.2001.00592 x.

Ferry LA and Cailliet GM. 1996. Sample size and data analy-
sis: are we characterizing and comparing diet properly?. In:
Feeding Ecology and Nutrition in Fish, MacKinley D and
Shearer K, eds. In: American Fisheries Society Symposium,
San Francisco, CA, U.S.A., 70-81.

Hirota Y, Uehara S and Honda H. 2004. Ontogenetic changes of
feeding selectivity in juvenile jack mackerel Trachurus ja-
ponicus collected off south-east Kyushu, Japan. Fish Sci 70,
100-107. https://doi.org/10.1111/].1444-2906.2003.00777 x.

Huh SH and Cha BY. 1998. Feeding habits of jack mackerel
Trachurus japonicus, collected from the Nakdong river es-
tuary. J Korean Soc Fish Technol 34, 320-327.

Hwang K, Yoon EA, Lee K, Lee H and Hwang DJ. 2015. Multi-
frequency acoustic scattering characteristics of jack macker-
el by KRM model. J Korean Soc Fish Technol 51, 424-431.
https://doi.org/10.3796/KSFT.2015.51.3.424.

Ivlev VS. 1961. Experimental ecology of the feeding of fishes.
Yale University Press, New Haven, CT, U.S.A.

Kasai A, Komatsu K, Sassa C and Konishi Y. 2008. Transport
and survival processes of eggs and larvae of jack mackerel
Trachurus japonicus in the East China Sea. Fish Sci 74,
8-18. https://doi.org/10.1111/7.1444-2906.2007.01491 x.

Kim H, Lim YN, Jeong JM, Kim HJ and Baeck GW. 2015. Diet
composition of juvenile Trachurus japonicus in the coastal
waters of Geumodo Yeosu, Korea. J Korean Soc Fish Technol
51, 637-643. https://doi.org/10.3796/KSFT.2015.51.4.637.

Kim HY, Choi MS, Seo Y1, Lee SK and Cha HK. 2011. Recruit-
ment characteristics of jack mackerel, Trachurus japonicus,
in the waters around the Geumo Islands by using both sides
fyke nets. J Korean Soc Fish Technol 47, 356-368. https://
doi.org/10.3796/KSFT.2011.47.4.356.

Lankov A, Ojaveer H, Simm M, Pdllupiiii M and Méllmann C.
2010. Feeding ecology of pelagic fish species in the Gulf
of Riga (Baltic Sea): the importance of changes in the zoo-
plankton community. J Fish Biol 77, 2268-2284. https://doi.
org/10.1111/.1095-8649.2010.02805 x.

Laroche JL. 1982. Trophic patterns among larvae of five species
of sculpins (family: Cottidae) in a maine estuary. Fish Bull
80, 827-840.

Lee DJ, Kang S, Jung KM and Cha HK. 2016. Age and growth
of jack mackerel Trachurus japonicus off Jeju Island, Ko-
rea. Korena J Fish Aquat Sci 49, 648-656. https://doi.
org/10.5657/KFAS.2016.0648.

Ljungstrém G, Claireaux M, Fiksen © and Jergensen C. 2020.
Body size adaptions under climate change: zooplankton
community more important than temperature or food abun-
dance in model of a zooplanktivorous fish. Mar Ecol Prog

Ser 636, 1-18. https://doi.org/10.3354/meps13241.

Mitsuo C and Masaaki M. 1997. Japanese marine plankton
search illustration. Tokai University Press, Tokyo, Japan.
Mollmann C, Miiller-Karulis B, Kornilovs G and St John MA.
2008. Effects of climate and overfishing on zooplankton dy-
namics and ecosystem structure: regime shifts, trophic cas-
cade, and feedback loops in a simple ecosystem. ICES J Mar

Sci 65, 302-310. https://doi.org/10.1093/icesjms/fsm197.

Sassa C and Tsukamoto Y. 2012. Inter-annual comparison of
diet and daily ration of larval jack mackerel Trachurus ja-
ponicus in the southern East China Sea. J Plankton Res 34,
173-187. https://doi.org/10.1093/plankt/tbr089.

Stergiou KI and Karpouzi VS. 2002. Feeding habits and trophic
levels of Mediterranean fish. Rev Fish Biol Fisher 11, 217-
254. https://doi.org/10.1023/A:1020556722822.

Tanaka H, Aoki I and Ohshimo S. 2006. Feeding habits and gill
raker morphology of three planktivorous pelagic fish species
off the coast of northern and western Kyushu in summer.
J Fish Biol 68, 1041-1061. https://doi.org/10.1111/1.0022-
1112.2006.00988 x.

Vijverberg J, Boersma M, van Densen WL, Hoogenboezem W,
Lammens EH and Mooij WM. 1990. Seasonal variation in
the interactions between piscivorous fish, planktivorous fish
and zooplankton in a shallow eutrophic lake. Hydrobiol 207,
279-286. https://doi.org/10.1007/BF00041466.

Winder M and Jassby AD. 2011. Shifts in zooplankton com-
munity structure: implications for food web processes in the
upper San Francisco Estuary. Estuaries Coasts 34, 675-690.
https://doi.org/10.1007/s12237-010-9342-x.

Zollner E, Hoppe HG, Sommer U and Jiirgens K. 2009. Effect
of zooplankton-mediated trophic cascades on marine micro-
bial food web components (bacteria, nanoflagellates, cili-
ates). Limnol Oceanogr 54, 262-275.



