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The availability of tropical copepod Nitocra sp. for marine
ecotoxicological evaluation

Kyun-Woo Lee’, Young-Ung Choi
Marine Life & Ecosystem Division, Korea Institute of Ocean Science & Technology
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o} HAndzd Agdolee] BAEAS ¥l One-way ANOVA tests AAIst . At d 21e 218 A7),
Nitocra sp.= 5+ 29C, A 24~34%°14 Ho| 2 Tetraselmis suecica’s F73IA < wl, vl % w2 7|7k} 2 AE
&S HOth AR A S e R FEef vl U 543 7Fe A Ad el v 7 ks R we vzt
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BHE AT WUEHALTRERE AMEo] 7Hed 308 ddEY A% e 452 e] e &8o] 7|Hrt

Abstract Indigenous species are needed for more accurate toxicity assessments in tropical regions. Thus, we
determined not only the optimum culture conditions for stable maintenance of Nitocra sp. isolated from tropical
regions but also the availability of copepods for marine ecotoxicological evaluation. Experiments on temperature,
salinity, and diet as factors for optimum culture conditions as well as acute and chronic toxicity tests for
ecotoxicological assessment were carried out. Data on optimum culture conditions were analyzed for statistically
significant observations using one-way analysis of variance (ANOVA). Optimum temperature and salinity for Nitocra
sp. were 29°C and 24~39%, and Nitocra sp. fed Tetraselmis suecica had relatively faster development and higher
survival than other microalga. Under optimum culture conditions, toxicity tests were carried out. The LCso level and
NOEC (no observed effect concentration) levels of copper and arsenic were calculated in the acute toxicity test. In
the chronic test of Cu and As, developmental time and survival traits were usable endpoints for toxicity assessments.
As a result, tropical copepod Nitocra sp. seems to be a potential candidate organism for marine ecotoxicological

evaluation.
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874741 Nitocra sp. 2 Te| 3 U HAAM GRS =
Abetlon, BERAEE TFElo vl wmEske] =
RS ARk
2. M=z 3 Y
21 ZR9| iH H SH

e}
=

9l QZVF Nitocra sp.= PFe]ZZY|A|o} Chuuk
Weno’l 91i rock pool (7°24'40.3"N; 151°52'27.1"E)
A AFasAh APAHY FE, 7, pH % DO=
247} 37%, 36.6C, 8.43 2 12.05 mg/LATk AFE &
2V s E-dn| sl A isolation® S = 29+1C,
T 33 %ollA Hol2 AEZHAEQ] Terraselmis
suecica®} Isochrysis galbanas 3534 20141 49
FH A7 e rie Aol a) dyAw A
Atk AEZTFAEL Lee and Choi[13-15]¢) WHel u}
2 gk 27H9] DNASHS 918 18s rDNA
fFi2kE AHEstE e w8l 971492 GenBank
Database (http://www.ncbi. nlm.nih.gov/BLAST/)E &
st SAEAT

2.2 Nitocra sp.2| Z|& HiYetAXAT

Nitocra sp.9] AAA wjgS 8] o] =<
208 2ASA T 924, 29, 34, 39 2 44%), 5
(25, 29, 33, 37 2 41°C) & HO|(Tetraselmis suecica,
Isochrysis galbana, Nannochloropsis sp., Rhodomonas
sp. & Chaetoceros simplex)° W& Nitocra sp.2] W&
717 2 HEES AV 12 well culture plate (Ml

S5
& 2 mL)ol| 2t F-3}8k naupliusE HE8ke] 1Y 12

b

B
o7 WA S RSl S A8S 6
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2.3.1 ZA‘iEA‘iAI%ﬂ

3]
=i

3k

pid

Nitocra sp.& ©]-43% 34 4

E4=2 2 (CuSOs 5H:0, Sigma, USA, > 99% pure)
9} H]A (sodium m-arsenite (NaAsO,, Sigma, USA,
94% pure) S AHE3IATE A8 2 7FFE 24 ho] AUA]
e AA dHE AHEEAT 12 well culture plate

(Nunc, Inc., USA; working volume, 4mL)°l| Z} hole%

o o
EYARS AF EEEAY

=]

10 712 & $8-310] 34%, 29°Col A 48 h E<t HAL&S
ARG Y. 7t a4 AElEEE Cus 0, 0.032,

0.063, 0.13, 0.25, 0.5, 1 mg/L, As: 0, 0.32, 0.63,
1.25, 2.5, 5.0 mg/Lo.Z A4S h Nitocra sp.2] A}
2 QAAWA stellA 17 o A9)e] §le AE
Aseste] Axbstdet ZE AFES 3ukE AAsHath
A= probit A 93] LCo 2 LCsoks &

%13l Dunnett's testo] 23] NOEC (no oberved effect
Akatsd

o]

concentration) &

2.3.2 IrA=EMAI”

Nitocra sp.©] WAEA 713 HA7HA 9] BE&, A
H) 2 YA ZAE 93 AFHOZ Lee et al. (2008)<]
AH[6]e] AT, F3k F 24A7k0] A e
Nitocra sp.] nauplius (N1 ~N27N)E dAFEe] 7} 1)
& 4 mL7} HA)E 12 wells tissue culture plate®l]
Zy7y 10 wkelE ¥War 20C, 32 psuollAl #F57] 12L:12D
sl Al Hol 2 Tetraselmis suecica (10,000 cells/mL)E
149 13] zgsto] wjdsideh Mdas 149 13) i“fﬁg}
2™ nauplius7]+=  ~50%, copepodite I Ej o]
100% &-5-5 2 A]3159 ). Nauplius 7| F-E] copepodlte7]
S} QA (A ZFATNAA ] AAEAE7IE (N-C 2

N-A) 3 A5 F o]E9 AEE 2 g 2HHEd
v]7stoll A B & 715kl oA 283 SEUNA
= 1 vy 2el8kod 12 wells tissue culture plate®l] 2
99 22 BRI AGH A WA

nauplius A4H7 (fecundity)E AR L Fecundity =
535 naupliusE A A 22]d ths A A el
A Agehs HoR =45t BE

RE AP 39
AN,
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[ Isolation of Nitocra sp.

Investigation of optimum culture condltlons
for the copepod

Investigation of endpomt for toxicity tests
(Cu and As)

[ ]

Availability of Nitocra sp.
for ecotoxicological evaluation

Fig. 1. Schematic diagram of this study

2.4 HIO|E| £

FHAujekzA A oﬂ

_u

Nitocra sp.9] =&7|3t
One-way ANOVA testE A
124(P<0.052 Duncan® Tt}
multiple range test) &2 #A3}9TE &
SPSS Version 17.0(SPSS Inc, Chlcago, IL, USA)S

Fato] AAsHT.

ol\
o

A}

3.1 Nitocra sp.2| =X H{YtAZUTH

Nitocra sp.2] W% Qg H A2 AL A,
o] HEFE WE WIS Hou 37T o]/delA
AESHA Kehal AAbsRth AEEL 29T A9
AA 91.7%= 7HE =A UERE 2™ (P<0.05), 25T}
33CE oAl AtolE HolA| FUTHP>0.05; Table 1).
AEAE A7 naupliusell A copopodite7bA] &)
ZHN-C) 29%°14 74 w2 HAx 7P
doddS Wl 44%, A9 FAAA AelE B
nauplius®| A A A|7}A] FE7]1THN-A)E N-C} 1]
28 AL HYoy HE /\164?7}01]}\1 o)Al z}o)
= 14"5}‘/]' ] FATHP>0.05). AEE2 44%0°14 30.8%
2 Ae o) vls] 7P ut }J_(P<0 05), & A3
oAl Apols BolA] FUth(P>0.05;

p
L
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Table 1. The developmental phase and survival of
Nitocra sp. cultured with Tetraselmis suecica
at the different temperatures™®

Temperature Developmental time Survival
(©) N-C (day) N-A (day) o)
25 4.7£0.65° 9.7+0.50° 69.2+8.01°
29 3.7£0.65° 8.120.83" 91.7+5.07°
33 3.2+0.42° 7.4+0.53" 69.2+9.00°
37 . - 0.0+0.00"
41 . ; 0.00.00"

'not available

N, nauplius; C, copepodite; A, adult.

"Values (mean+S.D) in the same column not sharing a common
superscript are significantly different (P<0.05).

Table 2. The developmental phase and survival of
Nitocra sp. cultured with Tetraselmis suecica
at the different salinities*

Developmental time

Si{;::;ty e Survival (%)
- ay) N-A (day)
24 3.9+1.06" 7.6+1.19" 53.3+4.51°
29 3.440.79" 7.4£0.52" 66.7+5.25"
34 3.5+1.13" 7.9+1.45" 69.2+7.60°
39 4.0£1.54" 8.0+1.22° 69.2+15.28"
44 4.5£1.27° 8.5+1.29° 30.8+10.10"

N, nauplius; C, copepodite; A, adult.
"Values (mean+S.D) in the same column not sharing a common
superscript are significantly different (P<0.05).

Table 3. The developmental phase and survival of
Nitocra sp. cultured with different alga at 2
97C, 34% salinity.

Developmental time

Alga Survival (%)
N-C (day) N-A (day)
Tetraselmis suecica 4.2+0.10 8.7£0.21" 80.010.00"
Isochrysis galbana  5.140.20°  9.1#0.36°  53.3+11.55"
Nannochloropsis sp. - - 0.0£0.00"
Rhodomonas  sp. 49035 9.6+0.15° 433£11.54°
Chaetoceros simplex — 4.8£020°  9.5£0.06™  63.3+5.77°

'not available

N, nauplius; C, copepodite; A, adult.

"Values (meantS.D) in the same column not sharing a common
superscript are significantly different (P<0.05).
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sp.9]
nauplius®l 4] copopodite”}#] 2]
£ 3 AT ohE AF el v

Z Y2 H(P<0.05), Nannochloropsis sp.5 A
tE A¥TE FAA AolE HolA LUTHP>0.05).
AANA SN T, suecicas 353 A1 8.7

d=2 7} Wk o™ Rhodomonas sp. 38T 9.6UZ

Nitocra S

311
o

e AgTel e felden 1 Ao ek
(P<0.05). Nannochloropsis sp. & 3% Ad++=

copepodite”| 74A] WdalA] Zeakal H AL ThTable 3).

i

EEs4
-3}
, T (NOEC)t %ﬂoﬂ sl 0.13-0.32
mg/L, Yol thal 12525 mg/LoR yehdon,
nauplius&} A LA BF, F }TX]A]'O =
(LCs0)7F ZHZF 0.46 mg/L9F 0.96 mg/LE H|AkmZEA|
(nauplius: 4.58 mg/L, 44 : 6.43 mg/L)=.t} 5%’74] L}E}
urEle] FAEA el ek Ao vEhsith EE 1A
202 nauplius7} AAGART} o 20 A= 1728 A
° 2 UETH(Table 4).

=N A} %La]i% Al, 0.13 mg/Lol =&
B AEF| Nitocra sp.2l 4% 7]17HN-A)S EH?a:rLoﬂ
el oA o= whE A L}E}MJ:](RO 01), Hi

F221 0.25 mg/Le| FX=ol A<= nauplius 713F (N-C)JJr
N-A 25 dizTo] vl foHoz A vehsttt
(P<0.001). BEEL 025 mg/L AAT7} 50%= 713
U UERs ©1(P<0.01) 0.25 mg/LET B8 35 o] 4]
£ tiz7st Fejgh Aol & HolA| ehktiP>0.05; Fig.
2). Hl&axE A, 125 mg/l 5% 2379 N-A9 25
mg/L AT N-C 7ol ns] oz 24
e 2 (P<0.01) 2.5 mg/L &= 4+ copepodite”]

2R

e} o
RS
s

gl

r;'LJ

Mpgpes
00“

EEA,

7HA] dheske] o v AR = HEslA] 539l 1.25
mg/Le] FEoA BEELE 40%E t)xTol| B3] A
Uelgton 2.5 mg/LolA= WHEjo] S Ak HAlsl)

(P<0.001; Fig. 3).
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Table 4. ECio, ECso, 95% confidence intervals (CI) and
no observed effect concentration (NOEC) for
Nitocra sp. nauplius (N1-2) and adult female
exposed to copper and arsenic for 48 hours.

Heavy ~ NOEC' LCio LCs
metals (mg/L) (95% CI, mg/L) (95% CI; mg/L)
0.26 0.46
Cu 0.13
(0.19-031) (0.39-0.53)
Nauplius
2.49 4.58
As 1.25
(1.82-3.03) (3.90-5.38)
0.50 0.96
Cu 0.32
(0.33-0.64) (0.80-1.14)
Adult
3.34 6.43
As 2.5
(2.43-4.09) (5.45-7.59)

"NOEC was calculated by Dunnett's test.
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-19]. Tk 44% ol A= AR gl
v B A ey AAm S fEixe
oA wfjekE]ojof B Fo 2 )
oA, Nitocra sp.o) W2 s} =8 A

]E T. sueczcaﬂ- 7 840 %th

A= N ffms«] HH 4 s C calcitrans, T.
tetratheles €337 3to] & A9 FALS ARE
A B Aol M= ARaA £t Aol o
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