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Abstract — Harpacticoid copepod Tigriopus japonicus is widely distributed in coastal waters of Korea and plays
important role in marine trophic structure as a first consumer. In this study, a series of experiment were con-
ducted to test the potential of the species as a standard test species for marine bioassay. Tolerance on salinity
and pH, sensitivity on the reference materials(copper sulfate and cadmium chloride) and response on the ocean
dumping materials(waste sludge) were tested to identify if the species satisfy the basic criteria as standard spe-
cies for marine bioassay. The nauplius of the species(100~200 um) showed wide tolerance on salinity with
>90.0% survival rates exposed to 5.0~35.0 psu for 48 h. Wide adaptability on pH's were also observed from 6.3
to 8.2 with >90.0% survival rates during the test. LCs, values for copper sulfate and cadmium chloride were
3.6+0.7 ppm, 1.7+0.8 ppm, respectively. The variations in mortality between replicates were less than 10.0%.
Comparison of LCs values indicated that 7. japonicus nauplius was lower sensitive to copper sulfate than the
most marine crustaceans included copepods, however, the sensitivity of test animal to cadmium chloride higher
than the adults of copepod T japonicus, Paracalanus parvus, and marine rotifer Brachinonus plicatilis. There
were significant concentration-response relationship in the mortality of 7. japonicus nauplius using the elutriates
of three ocean dumping materials(industrial waste sludge). 48 h LCs values were 31.1+1.1% for the elutriate

fCorresponding author: sjyon@kitox.re.kr

160



AV S 22

harpacticoid Tigriopus japonicus +8S o185t Sy el="3%7} 161

of sludge from leather processing company and 54.4+15.1% for that of dye production company. Based on the
above experimental resuits, bioassay using benthic harpacticoid 7. japonicus nauplius must be a good estimation
tool for marine ecotoxicological assessment of waste or chemicals. Wide tolerance on the salinity and pH, and
significant linear relationship between concentration and response(mortality) supported the high potential of the

species as a standard test species.
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54418

Z+5 FAY); bioassay(A &4 7 "); ecotoxicological

4452 ET o= ql7) wiEe] 2o} pHell tigk uidst
A, FFEAAEL g 1s 9 @Az digt 2§ 7
g HE AEAERA S S A
o2 g T3 %@% 2o EHK} AE= AEC] YA (ife
8t ANAE AR

HO} JiARAEE o2 vl P e 0w AR 27
A 2] HES o3k Aol FASA digh A& el
| 8 Ao 2 oA Forget et al.[1998]).

ojel] w} & A-ollA= 1/‘1"3 L7/ T japonicus 178
(nauplius)el] thst HFYENSFHPE HRAFIEERA ] 7e

2
o
o\
)
B
‘
2
o
o2
%
>~

$2 TS| oie] AL T 22 9 pH WA, £
FEHEA i s L BPAEC O A8 k5 A

Mo ¢

S8t
2. K= 3 e

2.1 AMEME HHY

AGAER AM-E AMA Q45 Tigriopus japonicusi= 2004
W 2¢ ZediEy HolEAT M B T APHE &
A g2AolA ddFor wiokesith. F3aw o i
glof] W& ] AEHA] FEZ HABA)7) 40}0% R
28] &2 21.0-23.0C WAE A8 dirs mzrl7)el
AFet 3 ZE oHE AX 1Y st 1um 7hEeA 4
E}$} carbon filter™ A} oi38t & AL23IGTE A&of| AL2-3 &
£ e ol TYe e AR 5 ARSI

ok a4 FEL 26.0~29.0 psu HAF oW, FFE 164
ZHL)SA ZHDYR 2489t} Hole Ak 25 (Tetraselmis
suecia, 4.0~6.0x10°cell/mL)$} 2+8 B ZF(Isochrysis galbana,
7.0~9.0x10° celymL)E 2:1 B]-&2 &35t 1Y 28] 30 mLy &
F3F3TH(Table 1).
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Table 1. Summary of culture conditions for the harpacticoid copepod
Tigriopus japonicus

1. Culture type Renewal

2. Temperature (°C) 21.0~23.0

3. Salinity (psu) 26.0~29.0

4.pH 7.80~8.10

5. Light quality and intensity Ambient laboratory levels
6. Photoperiod 16 L, 8D

7. Culture chamber volume (mL) 5L
8. Culture solution volume (mL) 4 L

9. Renewal period (d) 7 days
10. Feeding regime twice per day(30 mL)
11. Oxygen saturation (%) 80.0~90.0

12. Dilution water Filtrated seawater(1 pm cartridge filter)

mixed with deionized water

ANAE A3k Ao] vladth(Forget et al.[1998]).
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Table 2. Summary of environmental factors to measure the mortality of Tigriopus japonicus nauplius exposed standard toxicants and waste

sludges. Mean values(+SD) are given in parentheses

Standard toxicant

Waste sludge elutriate

Items

CuSO, CdCl,

Leather Dye Mordant

Water temperature (°C) 21.1~22.1(21.6+0.3)
Salinity (psu) 27.9~28.4(28.1£0.1)

22.2~22.7(22.4%0.2)
27.8~28.2(28.0+0.1)
pH 7.76~8.17(8.06£0.12) 7.76~8.00(7.94+0.09)

22.0~22.2(22.1%0.1)
27.3~28.0(27.7+0.3)

22.2~22.5(22.4+0.1) 22.0~22.2(22.1%0.1)
27.2~27.8(27.6£0.3) 26.2~27.9(27.3+0.6)

7.91~8.04(7.95+0.05)  6.94~7.94(7.69+0.39) 7.84~8.07(7.96+0.08)
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probit analysis Z3-& AX AHEsISt.

3.4 1}

3.1 MEMEQ| MIEHS]
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Fig. 1. Growth patterns(um) of harpacticoid copepod Tigriopus japonicus
from nauplius to adult stage(Ovigerous female).
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Fig. 2. Survival rate of harpacticoid copepod Tigriopus japonicus
nauplius exposed to various concentrations of salinity for 48 h.

e THFig. 2).

A= disk pH W HAE T3] Hsle] 484 &
¢k pH 4.1~9.1 HY7HA] AE&E #Z8E A, T japonicus
AL AT ol ATglo] pH 6.2~82 Y el 90.0% o4t
AEIoH, Fio 7H9 H-2 3 zol= FATH p > 0.05). T
A AEEL pH 52004 7EA310] pH 4.100M e 25 APLS
St

3.3 BESYST0 fEE DIZE Al R HYARE 018

B S4AY
33.1 ZEEAEZ g U= AE
E—f—%"é 75-J_°ﬂ EH?‘} ]apomcus S g«] UnE A¥4Aw,



i
3

164 a

oA use

Table 3. Toxicological estimation for nauplius of Tigriopus japonicus exposed standard toxicants and Waste sludge elutriates. Mean values

(xSD) are given in parentheses

Standard toxicant(ppm)

Waste sludge elutriate(%)

Items
em CuSO, CdCl Leather Dye Mordant
LCso 2.8~4.4(3.6+0.7) 1.7~1.8(1.7+0.8) 30.3~31.8(31.1x1.1) 40.4~70.2(54.4+15.0) NE
NOEC 0.6~1.3(0.8+0.3) 0.6(0.6+0.0) 12.5(12.5£0.0) 6.3(6.3+0.0) NE
LOEC 0.6~2.5(1.3£0.8) 0.6~1.3(0.8+0.4) 25.0(25.0+0.0) 6.3~12.5(10.4+3.6) NE
LCsp: Median lethal concentration, NOEC: No observed effective concentration, LOEC: Lowest observed effective concentration, NE: not
estimated
120 ¢ 1.0
100 L T © Copper sulfate
g %0 | T 08 | A Cadmium chloride
]
8
= 60 +
2
g 40 . 06
2 2
=
20 F %
Q
o i i 1 i M 0.4 L
4.1 5.2 6.3 7.0 8.2 9.1
pH
Fig. 3. Survival rate of harpacticoid copepod Tigriopus japonicus 0z ¢
nauplius exposed to various of pH’s for 48 h.
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ahA T o, Zh2ke] v AR ule] AR 10.0% ol
2 37 edsgket. shbreol] gk £432] 4841%F LCso 2.8~4.4 ppm
WY o, NOEC® LOEC 32 ZH} 0.8+0.3 ppm3} 1.30.8 ppm
O 2 AFEETH(Table 3). FK=Holl thet T japonicus 82 4
AIZF LCse 1.7~1.8 ppm HHAZ AR} W 5o AF
Z¥glon, AP3Fe) JHgle] AE AR g2 Aol
A} %gkch. NOECS LOEC %A) 0.6+0.0 ppm, 0.8+0.3 ppm®
2 e e APA#nn Woitk(Table 3).

£ AT AHE probit analysisE 8l F23 A3, ATARE (=
ZATE)9) A9 0.92~0.98, FTFEHS 0.85~0.94 HE F AH
4 55 wE SAEAC gt vks Alelol] META} 5
stolt. =gk SAEA ) st W% 2dellA T japonicus
& FEEgel g viRErt Skt R oF 20t e 71
2 JERTHFig. 4).

332 6172}/\]22 o] g3t EH/\]@

AFAIF ol gt 48412 LCsp> HE Y FF N AL
30.3~31.8% °leH, A= 404~702% BT HEL
Y FEdo] Ae AdEA gigt Tjapomcus FA9) E/3uks-
& FEER] 487] "lEel LCs #& AT 5 slSith

Y 9 QMY FFlo] tdt LOECSH NOEC #42 H¥2
Y7t Z42F 12.5%, 25.0%01%1eH, A A, 2 2 6.3%
9} 10.413.6%%2 LFERATHTable 3). 2 NAZAT} Afﬁﬂ} R
1/] zzon o _l.:t:_/\].m- /\}o]oﬂ /\1—474]_,,7} a3 71— 0.88~0.92,
0.96~0.99 AR AFAA7} F3l5 249 54 F3S Frt

rir
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Log [concentration] gl
Copper sulfate, 7= 0.92 - 0.98
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Fig. 4. Concentration-response curve for Tigriopus japonicus nauplius
exposed to standard toxicants for 48 h.
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& 2 APYEE AAE A S 5 Qe A E9E Ao
2 Al Q2% T japonicus®] A B3 F 71247F ¢

Ulell 100~200 pm BHHEH FAGAR A& A Q?l@ T A
Qom, nlids JRA Al vlsl ARz Al A
doxct. olelsk AAE B W, SAH7L Al T japonicus w*g A
PAERE o] §8 A, H48E 100~200 um Alo]] BES o]
s A 8 & Qe Ao= dnkEch gk B AN T



P st 2
1.0 A
A Leather
0og | ©Dye
06
3
=1
=]
=y
L
= 04
02
o 0
0.0 O &
0.5 1.0 1.5 20 2.5

Log[content] %
Leather, r =0.88-0.92
Dye, r =0.96-0.99

Fig. 5. Concentration-response curve for Tigriopus japonicus nauplius
exposed to the elutriate of the two industrial waste sludges for 48 h.
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AE TS5 T japonicus 82 AEELS 5.0~35.0 psu HEoll
41 90.0% ©1 FAHA L™, 1.0 psu7hA] 90.0% ©)7d AE3I

El AE79} Fo8k o] Ho)A] koLt 1.0 psu ol FEol
Mg AT % FA3] Ak ol T Japomcus 39
B e AL A Gl digk 2-8-=o] vig =
3l el st ©A71%F Glo] AA AP & 21% Ro= 8
g = Qi

B AqrellM AgAE
AEIGlon], BEE 90.0%E HPHTEACR AHE A,
A A pH B9 63~82 7091 Ao et sjFES
EVE TRl Qo] pHE AEY AEEE ANske Fa%
g aclojrt, 53, sjef o 2 vlEHE U SHEAE W pH
ol AFgeRlo] 4=l &gt AQA) oh W pHell 9%
FRIAE BR3P T3 A5 9tk 0|9} THsk @R
SH(USEPAYIAE 54947 Al pHE 6.5~8.5 B¢ Hollx] +8
SIEE A S O (USEPA[1993]), WA MNE 527
ATANIWAPIAE APE72] pHE #HA 6.0004 FHdlf 9.07+
A Al JTHNIWA[1998]). ©1&13 pH B B dpollA
FA2] pH WA g e HH et SAHA
o) T japonicus 4] 73-9-, GV EAHAE A 4
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Table 4. Comparison of LCs, values(ppm)of harpacticoid copepod Tigriopus japonicus and other aquatic crustaceans

. LCso(test duration)
Species - - Reference
Copper(ppm) Cadmium(ppm) Medium
Crustacea, copepoda
Tigriopus japonicus
nauplii” 3.6(48h) 1.7(48h) SwW Present study
Tigriopus japonicus
Ovigerous female(adult)’ 1.0(96h) BW Kwok and Leung [2005]
Ovigerous female(adult)” 15.1(96h) SwW Chung et al. [1996]
Tigriopus californicus
Nauplii* 0.7(96h) BW O'Brien et al. [1988]
Tigriopus brevicornis
Ovigerous female(adult)® 0.05(96h) Sw Forget et al. [1998]
Ovigerous female(adult)® 0.2(96h) SW Barka et al. [2001]
Eurytemora affinis(adult)’ 0.03(96h) SW Suillivan et al. [1983]
Paracalanus parvus(adult)’ 27.1(24h) Sw Arnott and Ahsanullah [1979]
Nitocra spinipes(adult)’ 1.8(96h) SwW Bengtsson [1978]
Amphipoda
Elasmopus rapax(adult)’ 0.2(48h) SW Zanders and Rojas [1992]
Marine rotifer
Brachinonus pllcatzlls(adult) 36.0~54.9(24h) SwW Snell and Persoone [1989]

SW: seawater(>30.0 psu), BW: blacklsh water(S O~30 0 psu)
+: copepods incubated in laboratory, #: wild copepods
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