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ABSTRACT

The feeding habits of larval Ammodytes japonicus were examined. A total of 208

individuals were collected by RN80 Net from January to February, 2019 in the coastal waters of Gujora
and Mangchi, Geoje, Korea. Range of notochord length of larval A. japonicus was 1.46~8.00 mm
and fed mainly on copepods that constituted 99.9% in %IRI. The results of analysis in ontogenetic

changes, divided with 3 classes (<2 mm, 3~4 mm,

>5 mm, Notochord length), was all classes mainly

fed copepods. An opposite relationship was found between the calanoida and cyclopoida. When
percentage of calanoida of copepods increased, cyclopoida of copepods decreased.
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T2 5 AAEEY g AR 5 st 5929
A= QA 2719 A HTH(Hjort, 1926; Ahlstrom, 1954;
May, 1974; Sassa et al., 2008; Kim, 2016). w2tA 2}x]0]7] 9]
4Re HAYET WY Aol 7] Hol, AHojel 4
HE TSt AL o7 2/ LAY TRtS 9%
712 A5t Hol o7 &7, A, ALFY B7 Sl A
oA oL =Q3t HES X5t 9t} (Lasker et al., 1970;
Heath, 1992; Cha, 2002; Huh and Baeck, 2003).
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al., 1997; Han et al., 1999; Kim et al., 1999, 2000; Kim et al.,
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7t Aol Ad AAA 2 D A AbellA 2019
| 193} 2o YA B3, 2AF AL F 370 FAo]
91.0.m  RN8O Net (WL 0.8 m, T2 330 um)S 2ol 4] 433
Agate] APt 24 A 57,33 vhE st oy,
A9 7hgeg] A= 99.9% ofehE= A5 Tt

A= ZF 744 9) M3} (Notochord length)2 0.01 mm7}HA]
SAHAIL, o] F AAEH OHM]H 233 AAE =225t
of BA3519t &3kt WEELS Yamaji (1984)2} Soh (2010)
= l '5}01 7Fsd B2 & 2742 A

A3t Ho|YEL £RER NATE A3, Image]
151kE o]&sto] 27| (712, Al2)E 543 F, Takatsu ez al.
(2007)8] Fu| A4HAE Farste] £uE AAbst.

23 WEE2 ZF HolBEY SHRE (%F), /NA4H]
(%N) 223 B8] (%V)2 e len, 39 A% o &
shof L3}Gi Tt

%F =A;/Nx100
%N = N;/ Niotar X 100

9V = V! Viorar X 100

Aq71A, Aie 23PHWEE F Y HoldEo] HAd 7hy
2} Zpole] Aol L, NS HolE AAIR 7itel AHole] &
NAF, Ni (V)= ’5H%" HolHE9 WA (FH), Now (Viowar)
< AA o] A (FH)oltt. Ho|PE9 YT LEAS
(Index of relative importance, IRI)+= Pinkas et al. (1971)2] 2]
< o]-&3to] 33Tt

IRI= (%N + %V) X %F
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number of preys per gut, mN/Gut)} /|G B HolW&E H
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T 20870A 9] 7 2ol B FESQL A= 1214A=2
TEES 582%% UENT. 35U MAE AL 87AA
o 7hte zol9 &3t WEES 247 23 (Table 1), &
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Fig. 1. Monthly and total size frequency of Ammodytes japonicus
collected in the Gujora and Mangchi coastal waters of Geoje from
January to February, 2019.
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Table 1. Composition of the gut contents of Ammodytes japonicus
by frequency of occurrence (%F), number (%N), volume (%V) and
index of relative importance (%IRI)

LRl Xtofe] Ald 99

S0z HEBEE (Cyclopoida) 8277} 50.6%2 &&UIE,
252%9] MAG=H], 22.5%9] F38]5 A5t 2pofo] £ W
A2 523 Ho|PEo|qt}. o] o= o]F I (Unidentified
pisces egg), %57 (Ostracoda), 725 (Crustacea) = 2315
ou SEFE WA FUh

3. 27I2E HolY=E =42l Hal

Phte) Apole] 27 HolHE 2A9 WIS A
A& 3719 27|22 (Small: <2 mm; Medium: 3~4 mm;

% U gARE 4

P; i DF %N %V  %IRI -
fey orgamisms oo e Large: >5mm) Uo] 24319tk (Fig. 2A). Small 27|12
Copepoda 1000 985 989 999 L 54704, Medium 37|72 2970A], Large 37|72 4714
Calanoida 667 487 428 2 FEEY RE 27204 8457} g $stgon,
2carna ?morzzl??pepodltes ?T (l)z (1)(1) Small 27123 Medium 37| A=
. omorii nauplii . . . JRIFPUR albo
A. spp. copepodites 1.1 03 09 Sttt 0.1% z] L‘—EUL]-EP’&EZ! .
A. spp. nauplii 57 21 18 7hde] Zpojo] FHOYESQ 7RIS dife R 7]
Paracalanus parvus s.1. copepodites 34 1.8 09 ol B 5 WSS wA5H¢iTh(Fig. 2B). Small Z7]Fkoll A
P. parvus s. 1. nauplii 448 297 285 =97V 97F27} 72.9%2] ANE R =X 4H|E X514,
Calanus sp. nauplii 230 13.1 9.6 AEHEE g7t2E 27 1%2 A5 Medium 37] 7ol A]
Cyclopolda | 06 232 25 £ Qe askE Q7RI 77192 AFREALE 2ste]
Oithona sp. copepodites 1.1 03 06 . o a = -
0. sp. nauplii 506 249 220 S7PSIGL, AENSE A4RE 22.9%2 AT Large
Unidentified copepodites 563 246 336 A7)EelAe e atE aZbRT HAste] 100%9] AHE 8
Ostracoda 1103 02 o+ LR H1E AR s}, wheba] 7] Zpols ARl wet 7
Pisces 3409 08+ ma7E a7bpol 44 HEL )6, AEHEE aztRe
Unidentified pisces egg 34 09 08 A A H] &L 7hasHe oFAto] UrERd )
O o el o T anga AR BT deluge) A R Hag &
alanus sp. . . .
A3t A3} (Fig. 3), 2717F F71el wet AAS Hat HolA
Total 100.0 100.0 100.0 E NASE 271819 2™ (ANOVA, P>0.05), B4 Hol Y=
+: less than 0.1 By ®3F 27181 o] YEFGTHANOVA, P<0.05).
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Fig. 2. Ontogenetic changes in composition of total gut contents (A) and focusing on Copepods (B) by index of relative importance (%IRI) of
Ammodytes japonicus among size classes (Small: <2 mm; Medium: 3~4 mm; Large: >5 mm). NL, Notochord length.
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Fig. 3. Variation of mean number of preys per gut (mN/Gut, individu-
als/gut) and mean volume of prey per gut (mV/Gut, mm>/gut) of Am-
modytes japonicus among size classes (Small: <2 mm; Medium: 3~4
mm; Large: >5mm). NL, Notochord length.
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(2015)3} Seo et al.(2013)<] A3Ao] oJatH oH A+ 3f
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23] 7hke] Aol HAR] Zol 5mm oA
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715 %7] §4 (copepodites)& AA15t] ol WE O] A7}
57kt %t (Nagano et al., 2001). 91572] g7l we& Holi
2o B2 AASe B3 W e dwdoz a7 37t

AN
:?L_"
f
i,
i)
X
i
iCh
b

ofr

A Ao ehbid, BF AN 257k mE F7he
L A%, 37 GolHE AL FASAE Rult gast
L 3%, BE GogBY AL Fastu, Ryt F715%
£ Ao BT Kim er al, 2017). o) FF3HY EEA
2 o)) Slat HARe 3 PO, ke Aol 4F
ol uet By Aok H3l BE F7HAA Hol 4R
o

o OF
pf -

AAA Fxet DGR Ao A st AT 7hde
(Ammodytes japonicus) Arel Z2A717HQ1 20199 143 2
et F 20870417 AR E AL HAEA] Hel= 1.46~8.00
mm$th. 7hte] Zpole] FHolAEL e ZtF7L 7P 35t
QA1 F W=7t E 9ZARE 7P wol HAlstgeH, 3
EHEE 84FE 1 t2o 2 Wol At a7 9
o oF &, HEF, 4R A= HdAstgley 1 &
A Gt 7] Ao o] Aol wE Ho|HE Wk
< gotr7] ) 371 Z7|E LR Vo] 43 A<
mm, 3~4 mm, >5 mm, Notochord length), 4 73-%}o] wz}

rlo

o OF

()



w0218 aZge AAulEe A% S7etn 4RSS o
Zge gastgon, 97 Hol4Re ARSe ¥ B
F7hske Aol tehgeh,

REFERENCES

Ahlstrom, E.H. 1954. Distribution and abundance of egg and larval
populations of the Pacific sardine. Fish. Ball., 56: 83-140.

Cha, S.S. 2002. Review on the Studies of Ecology of Fish in their
Early Life Stages off Korea. Korean J. Ichthyol., 14: 76-82.

Chun, C.I. 1974. Biological studies on the sand-eel, Ammodytes per-
sonatus GIRARD. Bull. Korean Fish. Soc., 7: 215-220.

Chun, C.I. 1977. Biological Studies on the Sand-eel, Ammodytes per-
sonatus GIRARD. Bull. Kor. Fish. Tech. Soc., 13: 5-7.

Chun, C. 1. 1979. Variation in the Vertebral Number of Sand-eel, Am-
modytes personatus GIRARD. Bull. Kor. Soc. Fish. Tech.,
15: 1-3.

Hamada, T. 1985. Fishery biology of the sand-lance (Ammodytes
personatus GIRARD) in Japan. Japan Fisheries Resource
Conservation Association, Tokyo, Japan, 1-85.

Han, K.H., B.K. Kim, S.H. Choi, K.Y. Kim, Y.U. Kim and J K. Cho.
1999. Distribution of Larva and Juvenile of Sand Eel, Am-
modytes personatus in Kangwon-do Coast, Korea. Korean J.
Ichthyol., 11: 155-162.

Heath, M.R. 1992. Field investigations of the early life stages of ma-
rine fish. Adv. Mar. Biol., 28: 1-174. https://doi.org/10.1016/
50065-2881(08)60039-5.

Hjort, J. 1926. Fluctuations in the year classes of important food
fishes. J. du. Conseil., 1: 5-38. https://doi.org/10.1093/ices-
jms/1.1.5.

Huh, S.H. and G.W. Baeck. 2003. Feeding habits of Repomucenus
valenciennei collected in the coastal waters of Gadeok-do,
Korea. Korean J. Ichthyol., 15: 289-294.

Huh, S H. and S.N. Kwak. 1997. Feeding habits of Pholis nebulosa.
Korean J. Ichthyol., 9: 22-29.

Hunter, J.R. 1981. Feeding ecology and predation of marine fish lar-
vae. In: Marine fish larvae: morphological, ecology, and rela-
tion to fisheries. In: Lasker, R. (ed.), Marine fish larvae mor-
phology, ecology and relation to fisheries. Washington Sea
Grant, U.S.A., pp. 343-355. https://doi.org/10.1016/0044-
8486(83)90215-6.

Jang, M.C., S.H. Baek, P.G. Jang, WJ. Lee and K.S. Shin. 2012. Pat-
terns of Zooplankton Distribution as Related to Water Masses
in the Korea Strait during Winter and Summer. Ocean Polar
Res., 34: 37-51. https://doi.org/10.4217/0pr.2012.34.1.037.

Jeong, D.S, K.H. Choi, C.S. Park and J.H. Park. 1997. Age growth
and maturity of the sand eel, Ammodytes personatus in the
East Sea, Korea. Bull. Nat’l. Fish. Res. Dev. Inst., 53: 37-42.

Kim, H.J. 2016. Characteristics of the distribution and dominant spe-
cies of feeding habits with larval fishes in the eastern Jinhae
Bay, Korea. Ph. D. dissertation, Gyeongsang National Uni-

7it2] Xtofel Al 101

versity, Tongyoung, Korea, 21pp.

Kim, H.Y., B.K. Kim, E.K. Kim, C.D. Kim, J.B. Jeong and C.R. Lee.
2015. Spatial and Temporal distribution of Mesozooplankton
Communities in Hallyeohaesang National Park and South
Eastern Sea of Korea in 2014. J. Nat. Park Res., 6: 91-102.

Kim, J.K., S.E. Bae, S.J. Lee and M.G. Yoon. 2017. New insight
into hybridization and unidirectional introgression between
Ammodytes japonicus and Ammodytes heian (Trachiniformes
Ammodytidae). PLoS ONE, 12: e0178001. https://doi.
org/10.1371/journal.pone.0178001.

Kim, JK., SJ. Lee, W.C. Lee, J.B. Kim and H.C. Kim. 2015. Re-
stricted separation of the spawning areas of the two lineages
of sand lance, Ammodytes personatus, in the Yellow and East
Seas and taxonomic implications. Biochem. Syst. Ecol., 61:
319-328. https://doi.org/10.1016/j.bse.2015.06.038.

Kim, Y.H., YJ. Kang and D K. Ryu. 1999. Growth of Ammodytes
personatus in Korean waters, Daily Growth Increment, Early
Growth and Spawning Time in Juvenile Stage. J. Korean
Fish. Soc., 32: 550-555.

Kim, Y.H., Y.J. Kang and D K. Ryu. 2000. Growth of Ammodytes
personatus in the South Sea, Korea. Korean J. Ichthyol., 12:
166-172.

Lasker, R., H. Feder, G. Theilacker and R. May. 1970. Feeding,
Growth, and survival of Engraulis mordax larvae reared in
the laboratory. Mar. Biol., 5: 345-353.

Marlowe, C.J. and C.B. Miller. 1975. Patterns of vertical distribu-
tion and migration of zooplankton at Ocean Station “P”.
Limnol. Oceanogr., 20: 824-844. https://doi.org/10.4319/
10.1975.20.5.0824.

May, R.C. 1974. Larval mortality in marine fishes and the critical pe-
riod concept. In: Blaxter, J.H.S. (ed.), The early life history of
fish. Springer-Verlag Berlin, Heidelberg, New York, US.A.,
pp- 3-20. https://doi.org/10.1007/978-3-642-65852-5_1.

Nakano, N., Y. Iwatsuki, Y. Okazaki and H. Nakata. 2001. Feeding
strategy of Japanese sand lance larvae in relation to ciliated
protozoa in the vicinity of a thermohaline front. J. Oceanogr.,
57:155-163.

Park, C., CR. Lee and J.C. Kim. 1998. Zooplankton Community in
the Front Zone of the East Sea (the Sea of Japan), Korea: 2.
Relationship between Abundance Distribution and Seawater
Temperature. J. Korean Fish. Soc., 31: 749-759.

Pinkas, L., M.S. Oliphant and I.L.K. Iverson. 1971. Food habits of
albacore, bluefin tuna and bonito in California waters. Fish.
Bull., 152: 1-105.

Sassa, C., Y. Tsukamoto and Y. Konishi. 2008. Diet composition and
feeding habits of Trachurus japonicus and Scomber spp.
larvae in the shelf break region of the East China Sea. Bull.
Mar. Sci., 82: 137-153.

Seo, M.H., K.S. Shin, M.C. Jang and H.Y. Soh. 2013. Occurrence
Patterns of Zooplankton Present in Ports of Korea during
Summer. Korean J. Environ. Biol., 31: 448-457. https://doi.
org/10.11626/kjeb.2013.31.4.448.

Soh, H.Y. and S.Y. Moon. 2010. Invertebrate fauna of Korea-Marine



a4

102 Yool - €712 - 5290 9y

o

rel

o o
. Ygy - dey - was

Planktonic Copepods. National Institute of Biological Re-
sources, Incheon, Korea, 21: 1-199.

Takatsu, T., Y. Suzuki, A. Shimizu, K. Imura, Y. Hiraoka and N. Shi-
ga. 2007. Feeding habits of stone flounder Platichthys bicol-
oratus larvae in Mutsu Bay, Japan. Fish. Sci., 73: 142-155.
https://doi.org/10.1111/j.1444-2906.2007.01312 x.

Wang, L., F. Du, Z. Wang, Y. Li and J. Ning. 2017. Distribution
and role of the genus Oithona (Copepoda: Cyclopoida) in
the South China Sea. Oceanologia., 107: 1-11. https://doi.
org/10.1016/j.ocean0.2017.03.009.

Yamaiji, I. 1984. Illustration of the Marine Plankton of Japan. Hoiku-
sha Publishing Co. Ltd., Osaka, Japan, 470pp.

Yamashita, Y, D. Kitagawa and T. Aoyam. 1985. Diel vertical migra-
tion and feeding rhythm of the larvae of the Japanese sand-
eel Ammodytes personatus. Bull. Jap. Soc. Sci. Fish., 51: 1-5.
https://doi.org/10.2331/suisan.51.1.

Yoo, C.W. 2011. Sand mining and marine benthic environment. In:
Yoon, Y. H., H.Y. Soh, H.S. Yang and S.J. Oh (eds.), Chon-
nam National University, Yeosu, Korea, 252pp.

Young, J.W. and T.L.O. Davis. 1990. Feeding ecology of larvae of
southern bluefin, albacore and skipjack tunas (Pisces: Scomb-
ridae) in the Eastern Indian. Mar. Ecol. Prog. Ser., 6: 17-29.
https://doi.org/10.3354/meps061017.



