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Abstract: This study was conducted in the southwestern area of Korea using a neuston
net in September (14 stations) 2017 to understand the environmental factors affecting
neustonic zooplankton. Temperature, salinity, chlorophyll a concentration, suspended
solids, and microplastics were included as environmental factors. Based on the density
of the copepods, the study area was divided into three regions: the Seomijin River
water influence area, the frontal mixing area, and the warm water affected area (Jeju
warm current and Tsushima warm current). In the latter two areas, the major species
were Pontella chierchiae, Canthocalanus pauper, and Oncaea spp. Also, neustonic
zooplankton showed a significant relationship between the density of phytoplankton

and microplastics in the frontal mixing area, and temperature and suspended solids in
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the warm water affected area, respectively (p<0.05). This indicates that microplastics
can affect the offshore zooplankton community.
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Williamson 2000), 2717-2] thAtd 571 9 FH2 3
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AR 2 AAA ) (Zaitsev 1971; Kingsford and Choat
1986; Brodeur 1989). E3H 1A S EZHYIELS 3 &
4, 1% st 57} 2L SrENsE velel] ue
of L HRE HFSAHA|AIAR o]-8E|o] YT (Holdway
and Maddock 1983; Padmavati and Goswami 1996).
9 220) Zekae] el S7lok el chaet 2
22 el U 2 Behase viepe] Aol uh, v}
% L Zekae A9 515 2480] o6 $mm B} 2
o 7]o] EeAR R 2 $A, 53, 00

Q= 1mm ©]o}e] EtAE 2712 w2 A A7

Zo g dalA QIth(Cozar et al. 2014). ZHA X =
2tAE 2 SRl A Holgol| A AxpgAtArel AEET
AEE S A9 ZARENA FFE Aok &
EEFIE0] FAAR TS Atk FEEFIAEC] |
o] BEE Qlote] HAIgH A, Aol ZH =AY v E

(fecal pellet) = HEE]™, o] &
=T (Turner 1984, 2015; Cole et al. 2016) E I JF
HAA AFE mAERtAES Yol Ak B 227t
=2 Y DA AEA 555 A= AFoAAZIA
Hdol & &= Ath(Liet al. 2015).

2 A A1 ol AR S ofeet AT Ato] 9]
T4 200m PIYHE] T F-Fo] WA et X o= thofRt
7 Y= vAAL vk 7P 2 TS A 24
ot (Tsushima warm current) = SEjH o] AHE wt
2t B4fote F2AL siFols] 2A1H ATk $&7t
it s A-Foll o= wAuULith AR e R ofF
ole FF=ololA = A%tE whet dolohe = <Iet
4= (Chinese coastal water) 2t A5 (Jeju warm current)
7} E3t=]o] AlF @S Bt (Lie and Cho 2016). T
3 FRZF _/]H—’F(Yangtz diluted water) 7} 7% ]

o g 4% 2] WAste] st B4 W QR
Aol PAE7]% 5HH (Cho and Kim 1994), A-2ofl= &
Aol ofsl "ol Actrrt sz A AT

Feke] Atolof] 2 M-S /dRTh(Na et al. 1990). ©]
;qxjj Eklo] q-é Al _/ng Zl-oﬂ oé/k(jﬁ xi/k—]_q Aﬂ/\-l o]
T, A2 9 A7
(Jang et al. 2012), °]5°] AIFHEQ] TEEHIE EFY
ZA G Aol Y mIA B S BRI
15101 0 2 223t} (Smith and Vidal 1986; Park et al. 1998).
2 A= ot F7F EAchs b Holf A5 el
of FAT 1. HY FEEFIAEY 29 2 B
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SetaH O] AEF 0o, 3. R SEEYAE X0
n|2]= 2 a1E AT E 17 sHgith S 8Qlo 2= &
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2 olslol] 22 HFE L PRAR AR Yk
gmehaelel 29 Bl oA ZAeHAc

Sefute del AR sielel ] 4T AFEARS 79

3152 £4 (Lie and Cho 2016)2 &5t 94 19~21¢Y
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Fig. 1. Map showing the sampling stations in the southwestern
area of Korea (Stations 1-14, September 2017).
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73] 147 AN 392 AEA 0 oA (g
1), 24 Sele] 420 AR 42, A 4] 42

“$H] (CastAway-CTD, Sontek, USA)E AH&sto] &

o}, B &7 (Suspended solids; SS)-= 730l A AFA
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(Membrane filter, Advantec, Japan) 2 |3}, 15 mL tubell &
o] Y& EI(-20°C)ottt. AP AAA 90% (v/v) OHAIE
10mLE FUote] 24417 WAoo A] MAE FEJF
o 3200 rppm| A 12423+ A4 EEAA 5= Fal
3 33 =A| (Optizen 2120UV, Mecasys Co., Korea)S AH8-5F
o] 243} th (SCOR-UNESCO 1966). A== E A
A2 245 4= 500mLE F= -8 (Lugol solution) 2=
4% % 207} e D4R, SRl 592 3
S RTA 2 7, A6 dehE R AT B 10
mL7t SIES 554 5, A2 0.1 mLE tlola g0 2
Sedwick-Rafter 1] 3] 18]-& 335+ 0] (ECLIPSE

ofl -IOI'

80i, Nikon, Japan)= ©]-8-5}0] 200~400X Stol|A] EL-7<}
FH R X FO] ZH HES(cells mL ™) 23 FEFS 1t
S} TH(Chihara and Murano 1997).
—rﬂi§4 28y FEEd3E S AT A
] A AL A 23 A AR medol
et FAu Ofstel FREFAES 2w Aoz
T AT BEF AsS L 4= Atk (Sohn et al. 2010).
olalgt BE Rgksly] Sl Al ZRicA] dimjelo] o]
off F4E o] FFE LA FrE FAE UE (David-
Hempel neuston net, model 300, Hydro-Bios Co., Germany;
W= 300 um) S B2] A5k 20827 B 2.5knotsS] &
T2 43 iﬂ;dg].odq.(Fig 2). A B8 o) S|
(model 438-115, Hydro-Bios Co., Germany) & 2= Y|
= 4700 A2l ofk AR Soisict A0E A
= AdelA slieg AR F 99.5% ol YFZE A
Hsto] AP Lyrstolct, Eele] Hgahe nlHEe
/\Q o E‘_}_,ﬁ_ /\171-F'— O = }\H ] H;d-o]qﬂ Hlﬁ o]

=TT T o =2
o} Sokstel A3l Ffelgrons w3 Wk et
2 AGSHE Ag TS AP S 4 9

T} (Collignon et al. 2012). THebA|, Z& glo] Fotdn| 7
(SMZ645, Nikon, Japan) StellA] 7] whet F-{EetA
g2 v|A|E2tAE (microplastic: 0.3~5.0 mm) ¥ F@E2t
2F (mesoplastic: 5.0mm 27 0.2 2| A¥stil fE
2] H4fe] Hystalnt. S72F GF/F oA & ARgSt
of o}, 7] (60°C)ollA 24413t x5t A Aa=

|

Fig. 2. Sampling equipment: David-Hempel neuston net towed from the side of the research vessel.
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Fig. 3. Floating plastics appeared in the study area: (A) styrofoam sphere, (B) styrofoam fragment, (C), (D) Paint particles, (E) hard plastics, (F)
fiber, and (G) film.

AEHE S0tk 4 §, Fehdn| i ez outx] 9 T (styrofoam fragment), 7@ ~E| 2 (styrofoam sphere),
BaZSAHE A5 27 (fber), BE (flm), SIE 224 71} (others) 2 2, AlG=SFAT (Fig. 3). F-FEZ2tAE 9
€] (hard plastic), H|Q1E X7} (paint particle), 2E] 25 1} ARl ZY Aol 542 FetAn]7d (SMZ74ST, Nikon,

464 (©2020. Korean Society of Environmental Biology.
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A2 7 24 (Clarke and Gorley 2006)7}+ SIMPER (Bray
and Curtis 1957) =412 AAlololth 22 3=} 87
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Fig. 4. Environmental factors in the sampling stations in September, 2017 (A) water temperature, (B) salinity, (C) suspended solids, and (D)

chlorophyll a concentration.
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Table 1. Density of phytoplankton (diatoms and dinoflagellates) at the sampling stations in September, 2017

Stations 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Diatoms 173.5 15.1 11.5 0.3 1.1 0.3 0.6 2.4 13 1.0 2.2 1.3 2.2 0.9
Dinoflagellates 15 1.8 3.9 0.1 0.1 0.3 0.5 0.5 0.4 0.4 0.6 0.6 0.3 0.9
Total (cells mL™) 175.0 16.9 15.4 0.4 12 0.6 11 2.9 17 14 2.8 19 25 1.8
DE:I ﬂl’ 10 mmm Microplastic

— 3 Mesoplastic
142 98, ¥Q BY 5E, Chl-a 5E, g 08
MgEYIE UE 2
£ 06
EZ 50 7L 747 23.2~26.9°C2) 31.50~33.69 3
o] ¥9]2 UEhdTh(Fig. 44, B). A5 5 527} 1ol (sts.  § 04
4~8)ol A BF 267°CR £/ dEpd il Ueix) AH 2
M B 239°CE Tl At A A W ARE = F 021
W Slold W ek B3 GRS AFE Az sy
(St.9), AIFE B2 2 9l5o (Sts, 4~8)0 A B 33512 00~
Uebt . @5l A9t s (Sts. 1~3, 10~13) T ARE & -
S (st. 14)°llA Bt 32.042 1.479] ApolE Hck B& 041
E42 2.85~12.10mg L™'2] M2 AlF sF2] st. 100]] 2
A 71 29k BAE A Sl (st 11)ol A 7P Wt 5 01 = -
(Fig. 4C). Chl-a 5= 0.38~6.19ug L' 2] HE 1% 5 =
TH(St 1)1 6pg L OO R U9 Bl S Hegon g o2
(Fig. 4D), 71 @] A& B L1l gL' 2 W3kt A& g
ZalgE 2 Eureo] Wkl 03~173.5 cells mL 2] M) 0.1
2 U, HRES UEE 0.1~39cells mL ™' HY oo

2 YEbGtH(Table 1). 5‘:}%— U=
Al deptom, s os A4

A
83402 E

ool S B
h
2 RRESAE 2= 9 4
H5EeAE A YA 0.043~0.736 particle m 2]

ez For W& 9 (st. 3)oAH 7P B3 74%3—_%
5Z 19 (st. 12) 94 7HE W3ttt (Fig. §). PIAIE2EA

AFFE AFE 2 21519 (st.6)°l14 0.034mgm = 7}
2 =9k defl Aot S (Sts. 12, 13) T ARE EE Y
(St. 14)°11A 4t 0.0003 mg m & 7H Wokt. FH S
AE O AL AL QI Y (St. 9)01]/\‘] 0.287mg m™
2 7P wokow, eIuR: I sl (st. 13)°l1A4] 0.0002
mgm 2 7P weokth Hg-Zetag o] 142 Fig 67
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Fig. 5. Total abundance and dry weight of micro- and meso-plas-
tic at the sampling stations in September 2017

o] YERd T A sl df 2zto] EEsp9om, AR
s& Alelet FHAA nMEetAE 2719 HIIE
713t ~E 2 shEo] Yehgth & oiﬂ}*ﬁ‘J Al
FE(St.9)et BAX 1T s (St. 11), 2% ' o<
oA AlFE 55 2lsl4 (Sts. 3~6)7HA] iEIE%— u} v}
T 2E|2FO] 50% o1 AHASHIT

710]

£



Neustonic zooplankton and microplastics in southwestern area of Korea

100 MicrOSﬁC . ‘ Mesoplastlc

80 - 80 -
g 60 - 60 -
k= /
: r
5 ol n _
§ 40 % :% Z 40

o B o

4 5 6 7 8 9 10 11 12 13 14 1234567891011121314
Stations Stations

Styrofoam fragment ——— Styrofoam sphere Paint particle
=== Fiber === Hard plastic c==z=a Film === Others

Fig. 6. Composition of micro- and meso-plastic at the sampling stations in September 2017.

FOI AT (Table 2). AHH &3 WA+ 5.3~217.8
ind. m_3—4 HIAATE AR & ol (St 14) A 7H
FLE QI s (St 2)oll A 7 AT (Fig. 7).
td FEEH e Tt 8477 Bt s2.5%= F
FrolAth AT 55 9 o9 (Sts. 5~8) ©]
BAolM= oHJﬂrF%wﬂ Edotalon, ok Az
St. 404 vtk R} vER7E =2 AReS A
—%% E &80 S4 e
o 2 F 5ol o]Fo a74F
= 5ol &2 " 4 A7} (Fig. 8), A
A7 4o FFE e AdA (St 1), Aot vt A
(s

LU

) [} =

HAAdE F/dshs Bl (Sts. 2, 3) 22| AlFHEHROE
# Aot JFAL cajd o FRE A EH C
g2 ARl dF= Aot Te 1ol (Sts. 4,
8~14)1} ZA|nPdR o] ZH Al JgF-S H= C25lY

(Sts. 5~7) 2.2 FESIIT} SIMPER 412 53l ZF 5
o ol Y= nR T2 v A7} (Table 3), B
2 Pontella chierchiae”} 48.64% % 7V =2 71o1&-S K

Corycaeus spp.”} 18.36%, Acartia erythraea”} 13.41%2]
7] = H Atk C1ofH ol A= Canthocalanus pauper”}
19.99%§ 71 =2 719982 B9, Paracalanus spp.
(12.99%), P. gracilis (11.89%), Corycaeus spp. (10.64%) &
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Fig. 7. Variations in total abundance and the proportion of zoo-
plankton major taxa at each sampling station in September 2017
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Table 2. List of zooplankton occurring in the study areas

Taxon/species

Dinoflagellata
Noctiluca scintillans
Cnidaria
Siphonophorae
Leptomedusae
Mollusca
Gastropoda larvae
Bivalvia larvae
Annelida
Polychaeta larvae
Arthropoda
Cladocera
Evadne tergestina
Penilia avirostris
Copepoda
Acartia erythraea
A. pacifica
Acartia spp.
Acrocalanus gibber
Acrocalanus spp.
Paracalanus aculeatus
P gracilis
R parvuss. |.
Paracalanus spp.
Calocalanus pavo
Calocalanus sp.
Calanus pacificus
C. sinicus
Calanus sp.
Canthocalanus pauper
Cosmocalanus darwini

Nannocalanus minor
Undinula vulgaris
Candacia curta

C. furcatus
Candacia spp.

Clausocalanus arcuicornis

C. farrani

C. furcatus

C. minor
Clausocalanus spp.
Eucalanus spp.
Euchaeta concinna
E. indica

E. rimana
Calanopia elliptica
Labidocera acuta
L. acutifrons

L. detruncata

L. kroyeri

L. rotunda
Labidocera sp.
Pontella chierchiae
P fera

P princeps

P rostraticauda

P securifer
Pontella sp.
Pontellina morii

P plumata
Pontellopsis armata
P yamadae

Temora discaudata
Oithona spp.
Oncaea spp.
Corycaeus affinis
Corycaeus spp.
Farranula gibbula
Copilia mirabilis
Sapphirina spp.
Unidentified Siphonostomatoida
Unidentified Harpacticoida
Copepodites
Chaetognatha
Sagitta spp.
Chordata
Oikopleura spp.
Doliolum spp.
Pyrosoma sp.
Echinodermata
Ophiopluteus larvae
Others
Amphipoda larvae
Ostracoda larvae
Cirripedia larvae
Isopoda larvae
Euphausiacea larvae
Cumacea sp.
Decapoda larvae
Lucifer sp.
Fish larvae
Fish eggs

O =2 Uetgth C2si g oA 22.33%E 7HE w2 71E
& HQl BF-2 Oncaea spp.31.2H, C. pauperﬂ' 17.23%,
Clausocalanus furcatus”} 10.72%= WEFSI T SIMPER w4
A= vleo 2 B TR kS n)d BEe A4
of whet AAFAI A} (Particle feeder copepods; PC) <2t 521 2F
(Carnivorous copepods; CO= ?——1:0]-_1_, 15 10% ©] 49
71 g BHQl 8 BERdS SR 2 (Temp.), B
2 (Sali.), 75 =2 (SS), Chlorophyll a 5= (Chl-a), =%
F(DT), 2FH 257 (DF), "Il E 2t E (Microplastic), &
PEFAE (Mesoplastic) 5 S 291719 A2 A=
apotstgith. 71 A As S ALJRt RE s AliE
25 Z7F 5,907} 47869 IREEE UEFR O H, 4]

468 ©2020. Korean Society of Environmental Biology.

716382 82.7%S LEFHTH(Table 4). B (Sts. 2, 3)°l

ZATE Corycaeus spp., P. chierchiae, PC, CC, A. erythraca=
Chl-a ‘5, DT, DF, Microplastic, Mesoplastic?} 23t oF
o] WS H AT (Fig. 9). C231Y (Sts. 5~7) ol A= CC,
Oncaea spp., PC, C. pauper, C. furcatust= 52, B+, SS2F &
o] WreF/d2 Uetiltt. BH, C13l < (Sts. 4, 8~14) 014 &

=
At —;-Z:;_%’E‘ T2, G, SSoF =0 WS Btk
o) AAe fIH AT 24 23 B (W)l =Tt &
Z} 7= DT, DF, Microplastic, Mesoplastict €Fgh ko] ¥
AE eI (p<0.05), C251Y (@) 2] ERTES 2,
H, ssoll oFgt o] wAE et 3t (p <0.05) (Fig.
10).
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Lie and Cho (2016)+= &3l A5 OHOdO] A5l 5=
SollA 3 Aere U detohs &
coastal water)g} AFs (_]e)u warm current)7 T =

AT side Sel=

19t (Chinese
=]

SILEAT 5 As T

=
B Apeld o2 (92 2@ 484 FREUAE,
=5 075 $& o YRS AN it

& Ak (A BN, R G sl (cal
) LB o] 5] F2h o (B) 0.2

J,]-M/\]U]-I/]- _4 ﬁo ] ]7](:-]1 E_l:ﬂ-b_ OHOﬂ(CZOHOﬂ)O
2 A== ot (Fig. ) B[SOl A= P chierchiae, Corycaeus
71o1&-& Bt c1af ol A= C
pauper, Paracalanus spp., P. gracilis, Corycaeus spp.” ]', C234
o)X= Oncaea spp., C. pauper, C. furcatus’} +3E0=2 &
A5t o] & P chierchiae2} C. pauper, P. gracilis, Oncaea
spp,, C. furcatusi= 2 AMRER B F2AQ S1F] 9=

A Aot A BFCE A A QAT (Hsieh et al. 2004; Jeong
et al. 2008). 55|, P. chierchiae?t &5 Sfjqte] -Hsto] &
Aot AL A|7|H o2 XARPEEo NFEH Aoz 2lgh
=9 5712 HolH, o] AP} HISSHA ekttt
(Moon et al. 2010; Jeong et al. 2014).

spp. A. erythraea”} S5
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Table 3. Results of similarity percentages procedure (SIMPER) analysis for dominant copepods and their feeding habits in the four areas

Group Species Contribution (%) Feeding habits References
A Less than 2 samples in group
Pontella chierchiae 48.64 Carnivorous Ohtsuka and Onbé (1991)
B Corycaeus spp. 18.36 Carnivorous Gophen and Harris (1981)
Acartia erythraea 13.41 Particle feeder Sheng et al. (2010)
Acrocalanus spp. 9.76 Particle feeder Tseng et al. (2008)
Canthocalanus pauper 19.99 Particle feeder Hu et al. (2014)
Paracalanus spp. 12.99 Particle feeder Paffenhdfer (1984)
Paracalanus gracilis 11.89 Particle feeder -
Corycaeus spp. 10.64 Carnivorous -
1 Paracalanus parvus s. |. 9N Particle feeder -
Oncaea spp. 8.58 Carnivorous Go et al. (1998)
Acartia pacifica 768 Carnivorous -
Clausocalanus furcatus 3.68 Particle feeder Uttieri et al. (2008)
Paracalanus aculeatus 3.01 Particle feeder -
Temora discaudata 2.93 Carnivorous Tseng et al. (2008)
¢ Oncaea spp. 22.33 Carnivorous -
Canthocalanus pauper 1723 Particle feeder -
Clausocalanus furcatus 10.72 Particle feeder -
Corycaeus spp. 783 Carnivorous -
Paracalanus gracilis VAN Particle feeder -
Pontellina morii 4.87 Carnivorous Ohtsuka and Onbé (1991)
C2 Labidocera detruncata 4.41 Carnivorous Fleminger (1975)
Paracalanus spp. 4.02 Particle feeder -
Paracalanus aculeatus 3.65 Particle feeder -
Farranula (corycaeus) gibbula 2.38 Carnivorous Dessier and Donguy (1985)
Euchaeta concinna 2.28 Carnivorous Yen (1985)
Nannocalanus minor 2.14 Particle feeder Santhanam et al. (2015)
Eucalanus spp. 1.80 Particle feeder Tester and Turner (1988)

It was assumed that the feeding habitat of species without reference is the same as that of Genus.

SHH, B Aol A =2 7]9&-S H A. erythraeas A5
Hntoll A ol Eell =2 Ed AISTE Hole To= o
] 9tk (Moon et al. 2010). b ZAgAdE o 2 oFe 2l
A. erythraea®] Bl G7HA] &
npe} HlFo 2 QI A7
98 % 9irk ol2fe ATt Sl

o ot

ol 7] GES 0 5 e ANk gk
-St= Corycaeus affinist THE Corycaeus spp.7}
B&t C1afi ol Al EASHATE Seo et al. (2018)-2 C. affinis”t
w7 o152 Eoll At AT At AR EAsHH, E o
2 Z2 Corycaeus sp.7t B o5 Fal Atz Al At
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Table 4. Summary of redundancy analysis (RDA) for the relation-
ship between copepods and environmental factors

Importance of components RDA1 RDA2
Eigenvalue 5.907 4.786
Proportion Explained 0.457 0.370
Cumulative Proportion 0.457 0.827

*Group A (St. 1), less than 2 samples, excluded.

RDA2

o
lSt 1%}}
racilis

c eus spp.
araca anus spp

- mst 8 a,
DT Microplastic
mst 14
o DF
' vst. 3
T
T T i T T
-2 -1 0 1 2

RDA1

Fig. 9. Redundancy analysis (RDA) ordination diagrams related
to environmental factors (blue arrows), stations, and copepods
in September 2017 Abbreviations: PC (particle feeder copepods),
CC (carnivorous copepods), Sali. (salinity), SS (suspended solids),
Temp. (water temperature), Chl-a (chlorophyll a concentration),
DT (diatoms), DF (dinoflagellates), microplastic, mesoplastic. The
symbols were divided according to the sea areas.

, A2 FJEIE o2 P chierchiae®}t Corycaeussy 8.
F22 SAAR Holg 772 YA 57
Z 7k 912 (Gophen and Harris 1981; Ohtsuka and
Onbé 1991), A. erythraea®} Acrocalanus%2] S5 A4
2 A} AR 5ol Hgehe e Bolg A4l =
A& 7FA] 2L AT} (Tseng et al. 2008; Sheng et al. 2010). Sun
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2 2
& s £ ®
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=4

Fig. 10. Results of Pearson's correlation analysis (p<0.05) for
the relationship between copepods and environmental factors
by sea areas (B area, ¥; C1 area, l; C2 arca, ®). Abbreviations:
PC (particle feeder copepods), CC (carnivorous copepods), Sali.
(salinity), SS (suspended solids), Temp. (water temperature), Chl-a
(chlorophyll a concentration), DT (diatoms), DF (dinoflagellates),
microplastic, mesoplastic.
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Fig. 11. Photos of microplastics in the stomach contents of fish larvae and Sagitta sp.: (A) Fish larvae randomly sorted from St. 9 in May
2017 (unpublished study); (B) Sagitta sp. collected from St. 7 in September 2017.
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