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Abstract: Suspended solids play an important role in the growth and survival of aquatic
organisms. The marine zooplankton species tested in this study were Tigriopus west
(Copepoda) and Haustorioides koreanus (Amphipoda) sampled from the intertidal zone,
including Artemia nauplii (Branchiopoda) hatched from cysts. The study design included
six concentrations (0, 50, 100, 250, 500, and 1,000 mg L™") of the suspended test particles
assayed in triplicate. Experimental cultures in 500 mL-round polycarbonate bottles were
subsampled after 96 h to count dead zooplankton. The culture bottles were agitated at
4 RPM on a rotating wheel at 23°C and 30 PSU. The survival rates of Artemia nauplii
and T west were not affected by suspended solid concentrations higher than 50.0 mg
L™, whereas the survival rate of H. koreanus decreased with increasing concentrations
(p<0.05). In conclusion, H. koreanus and T west, which were continuously exposed to
suspended solid concentrations higher than 50.0 mg L™, were affected by low-intensity
ecological stress. However, in the case of H. koreanus, a concentration of 50.0 mg L™
may be considered to be the limit of tolerance to suspended solids, suggesting that the
number of individuals who eventually die will increase if continuously exposed.
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AN 2 & Asfste] 12k itE e ASHA7IH, o] & HoldER
ARgShE st AFEad 22 13 2HIAEY BT
AIR A2 gt B AM ANTARY, A ATl F-, BAF = #2125 oo, AMEEe FATE da 9 A
£7] 5o o8] HgEA HEot AAHoR Auslel B A7o] Al Qe AR A H AT =
FstA ol AT Mt 2l 4= QUTH(Tazaki et al. 2002). TR B2R Ao rE i HAE 2 5 At

fFeld FR=de] Tk 57 B E o] 9o £t (Ohata et al. 2011; Yoon and Park 2011).
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At oz uHFAFFES Tigriopuss-2 XX <]
24714 FHo F2 Ak FoaH 20 97 T
HSte] 7t WA Hold, A ARgo] golsto]
547t 2 AFEE= Eolth (Yoon et al. 2006).
M T japonicusi= Tt ol Ul AgtollA FUR}F Fo=
wEREOU ol AAEE O Wt T west@t T east
2 FESI Qloh (Karanovic et al. 2018). =5 1€ 2
A% (Haustorioides koreanus )= -2 etoll A 216}= Haus-
torioides%y 5ol 2717} 71 AW, St A9t As,
Holl 22]al Al 270 A o] AR Lol elste] A
Aot "#xgos I Atk (Jo 1988). LHIH|OL 48
(Artemia nauplii)> 53} & 27| AL DA B4
g2 ste o= sidelMs oo 27] HolBer
Sad U ol theFet frafEAel it =/ el
AEEE TOR defA QUTH(Chan et al. 2021).
FREE 52 XS Rt 249 k2o T
A FFE7H Hold Ao o 4o dedS st
o Ael=4g1} 22 AFA0 BrPa AT A543
¢l SRS Aok A7 BT (Yoon et al. 2006; Kim
et al. 2010; Choi et al. 2020; Heo et al. 2021; Yoon 2021). 713
L 2 At Zo] Y ERuelA AAEdCl e T
= ddew FRado titt Lo 2ol& vt A
= Ao HE]z] ghgheh whebA] A7) 389 ofatiA
FE=C AAATE doldt FomH MAEA mE 7
=8 FF AT Apol7t AFHTt olof £ A& Sl
2ol A 12} AAEARR] AEEF T ES Hol= ol 4
9 AR} TR AS Sk A A7 0] Adoldh 3F9]
FASZSES giifo g Agto A A 7153t thefo)
=40 =EH A= AL nA= &2 FIst

&
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1L 2¥d%=
H AT AFEH T west= MR 44 HISE X

A

el 2439 olollA 300 um A2 ZE A A
(663.2+75.1 ym)o|™, T2t 12 R G- (H. korea-
nus)= &4 A9 27t AHoA A7 1 mm AR A
& Zg 7HA] (2,651.1 £109.7 um) ©]T}. Artemia nauplii
(430.2£26.5 um)+= HHTFO A £33t Premium Brine Shrimp
A3 (SEP Art Technology, INVE Ltd,, Thailand) 2] ZAZeH&
42 27.0£1.0°C, G 30.0+0.5psu] S04 24417 5
St Z7|HHA FSAIZATE 2 AP o) AFgH sakRA S
=352 Fot 2 gy & APA U 10L X4 045 pum
e 2 ot si5E o] 24417 ot A A of &
SAFTE AFYEL 2 22,0+ 1.0°C, B+ 30.0+0.5psu,
pH 7.8 0.1, AFAIZSHS 909% o4 L AHA 2T (3,000
lux) Stofl A AE 27k2] Frefobgirt.

2. BQEY =3AY
Agol AHET RHBDE As) Baure] 20 E3
HA2e Agstdt HaBe] 242 A Sl

62.5um®] EFA 2 H=11 110°CO|A] 48A1%F T Zo}o] 4
2= ARt & HRAPTE o] g5l RE=E Al xste] A7
off ARgSHEE. o A =0 Pt Y+ 24.14pum=
stk FHEd k& 5% Hele 197795 H 20204
SE7HA] -2uet Ao ety RpEdS AR A&
o BB FEE B 22.532mg L, #H 1,175.5mg
LYE Ed2 R FEHS] s OmgL™, 50mgL™,

Fig. 1. Rotating wheel used in the experiment.



E’r (KOEM 2021)

=4 2E2AUE T 9647t B8 ST A9
£ 22.0+1.0°C F2AA APstl o, s Hite
30.0+0.5 psu, pHE= 7.8 +0.1, AL 2HE-2 90% o] 7]

st agsklnh A7t 5% 2= 1647
8AIZE o5 e (16-h L:8-h D)E %Xlﬂ‘lit}. % A
2 33 vhEskth AA7It T Sis 045 pum FrElA
Qo112 (GE/C)= olatsto] AHg59.00] B51A] ke
FHE A skt A 271 WAlg= Artemia2t
T. west~= 100inds. L"'0]| %11, H. koreanus= 50inds. L"'0| %},
ok e o] Zietets S WIS fls i
o s00mL2] 5 &9 PC (polycarbonate) A Q] vjors
= 719 °F 4rpm®] &2 o & A¥sh= 717 et WA
Zith (Fig. 1).

[o
0$
> &

3. MEEY

AP EO] & o= Neutral red (Orcein, Sigma-Ald-
rich, USA) & o]- &3t HHH-S o]-gato] Eelottt (Hyun
et al. 2014). Neutral red % -2 100 mL 5751l Neu-
tralred Y 1g& 9 71& o]8ste] 124]7F o)A}
=of otalo] Rtslict, ] 10mLOf| 15 uL Neutral red 3
F8o12 W oF 1553 & Aefeld WA T AR
1|7 (Olympus SZ61, Olympus corporation, Japan) /el 4] of
TGS o]gsto] 45H&= G F7ol mE sS4
FEe] LS AFslnt. Aate] SAA = spss

statistics 18.0 = 138 (SPSS statistics 18.0, SPSS Inc., USA)

ol:oﬂl

—{olw I:L:l _I

r.E

Effect of suspended solids on marine invertebrates

= ©]-851°] One- -way ANOVA-test -~
range test= - 7+ 2432 AASHATE

% Duncan’s multiple

32 3
1. Mj2t7 Artemia nauplii

5 5}5]' Artemia naupliie "= Aol 4] 85% o)/
A Z8-2 HIrh 96A]|7F ZoF A A=gLo gz
W 93.0£0.9%, S0mg L™ Aol A 94.0+3.3%, 100 mg
AR A] 86.7+£4.7%, 250 mg LT AFTOIA 87.3+
5.2%, S00mg L™ A2l 4] 86.0+2.8%, 1,000mg L™ A
TollA 86.0+ 1.6%= HEFF O, =AY &2
o291 Aol 7 A ATt (Fig. 2).

2. 822 Tigriopus west

96417t & FEde] =EH 877 T west®] AL
£2 LE APA 90% o)l HEES BT A=
&2 ZTolA 97.34£2.5%, S0mg L™ A& oA 973+
2.5%, 100mg L™ A4 92.7+0.9%, 250mg L™ A&+
oflA] 92.7+0.9%, 500 mg L™ A&A-ollA] 93.3+0.9%, 1,000
mgL'1 AT 4.7 £2.5% = LEFEOH, B A9]0]
P80 G olAel Zjol7t ¢l Q'(Flg. 3).

w

22 Haustorioides koreanus

rlo
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Fig. 2. Survival rates of Branchiopoda Artemia nauplii in different concentrations of suspended particles for 96 h. Values with different super-
scripts are significantly different (p<0.05), as determined by Duncan’'s multiple range test.
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Fig. 3. Survival rates of Copepoda Tigriopus japonicus in different concentrations of suspended particles for 96 h. Values with different super-
scripts are significantly different (p<0.05), as determined by Duncan's multiple range test.

Survival rate (%)

250 300 1000

Suspended solid (mg L™")

Fig. 4. Survival rates of Amphipoda Hausrotioides koreanus in different concentrations of suspended particles for 96 h. Values with different
superscripts are significantly different (p<0.05), as determined by Duncan’s multiple range test.
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TollA 76.0£3.3%, 250 mg L™ Aol 4] 75.5+3.9%, 500
mg L™ AETA 72.8+2.8%, 1,000 mg L™ A F ol A]
72.2+5.7%2 WEFETH(Fig. 4). @HH s0mg L Hi}t 52 &
Lol k2 gRO BEEL 2Tt FO3 Aol
HAT(p<0.05).
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= 4= ou, A& ol ok} tha 2fo] 2

H|ZRQ1 A9 S el A7HEA JFS = A
2 dHA QAtH(Lee 2015). ESH A EEHIEL F5HA o]
Qo] WrH o 2 JFR-S HFH o= T= 7] o2 o
Z5o vlol| B-Edof et S € et |
At (Lee 2015). ¥HH st F552 A543
dhe| 2o} 5 ofE Hol& JHAT 4= 7] w2l Fi
o] Ao v|z]= g > 3]

|, ol= &2 LA SAZE F-7-d 0] o A A

B

& she FAA wet Bl kg mE AEF

fin}



o] zfo]7t Q1S AL 2 TAETH(Zhen et al. 2017).
2 AFoflA = AAZE7E T 359 Oﬂ‘}“ﬂ" FE5=
___];H/\]-Oi ‘:‘0‘:‘%_/] lg.lzl_ 7]—1:‘3 /\H _QJ-O]O].Oﬂ
ok EREd k3 Ak OE B9 AEES Artemia
nauplii®t T west] 73 H= Aol A 72J21Q1 2ol 7}
AJATE 2721 H. koreanus= F-=2 SE7}F 50mg
L7 o] ol A AEEL] Apo|7} FSistHA| W E gl
(p<005) EE—&aPELE% _;;<_7] EHO]/KH%E /Hﬂ—s].h 01
e Ao @Al TRl tit AFGES] AolE K
P, B219] A9 250mg L H T E2 ol AdA
E9] 50% ool AFgste Aoz HiEglon HHe
'H (Sillage japonica)<> 1,000 mg L™'ol|A] 3Fo] §l= A
2 XA HHA ohgA] (Hemiramphus sajori)% 10.0mg |
A E FJuHh-S-2 B o (Yoon and Park 2011). 0|2} -2
AT ojfe] A% AE] me} 2927 5] o
ko =] 0&4/;(1/\1/\4 }_94 a]—go] ;‘(]-o]—— Eo]l—_ 7oz 5HH
oF % it 2 A7old B IR AETE 350
A BAR AN §A1 AL Hol B 4
Al e B tig A o] Aol
o FHIeE T 2 AF Ay Adider 2
2F2 Artemia /37t T west®] 739 -2 gt
T7b W2 9t H. koreanus®] 78-%- T} ot A
gof L nAEe Aoz ZAE L ot Sautet
199797 H 20204 sH7HA] Mol FEd A A
I} B2Zo A B 22.532mg L7, Ht 1,175.5 mg L2
UERL DL, AFolAE B 29.237mg L7, Z|H] 637.5 mg
L2 ZAMEQITHKOEM 2021). ¥EtH o2 §8hso]
et ofsiz AJo] HAGIAE g2 o] gt slut
207 g 9o o]Fo] 7F5SHR|EE S5 o] LA
B2 THo| AAISH= Artemia 38 T, west—= 5-
A 527t 500mg LT HE 352 74 AEoll= TS
ot IAHe AETA WSS B Ao
el A Lol 22 ANehe BkRs
) ol 55 elo] wa, BAP} 2] o]
UHETE EobA A Adid s Eao
451313} ofef & AtellA /\P%% 3]
=29 tst A= YA =
4 el Ay e] 2] S/l whet 2fel 7t ‘%~
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Effect of suspended solids on marine invertebrates

Lo LEH ¢ m =
=9] AEo| n|A= Il JEHQBE 7<’19: A
o 4= Ik 23 H. koreanus©] 50.0mg L™
4ol o WHRAZ BeEls, A0 13 7
WE 5T IS Rl 2T A APt
e Aoz ARG, O, 4B AT AT
5] R Aolo] W AWYE FF A4A L Ao
o) siop FEE T F2 o AEE
ool el Hwe T 54 TS o 47
o o

sfopgt 18 4 = A

Frede A AT AL Fa7t 982
Qe B =82 cystoll A F-2Fet Artemia 58 (branchio-
poda), Z7Feioll A ZHZYRE T west (copepod) 2} H. koreanus
(amphipoda) 2 AF85te] 96A17F ok H-gB 0] 12
Ao AL T2 Estaeh Ao B Artemia 787}
T west®] JEE2 50.0mg L™ o]Fe] /=24 skol 3
F2 ] ¢FOL} H. koreanus= 22 STt 5715l
et W2 2SS BT (p<0.05). ZEHCE 50.0mg
L ool BgaEdof X540 72 w24 Artemia -7
T. west—= T|A|SH AHE] AEH A &2 W9 H. korea-
nuse YL 7Fs S WAHAE oy Arge ZiAI7E S71
S Ao R yE
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