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SUMMARY % KEYWORDS

I. Title

Development of ecotoxicological testing protocols with tropical marine copepods

for a tropical marine environment

IT. Necessities and Objectives of the Study
1. Necessities of the Study

The increasing impacts from anthropogenic activities on tropical marine
ecosystems have been a global concern for decades. For toxicity
assessments in tropical regions, indigenous species are needed to more
accurate toxicity assessments. For example, the sensitivities between
temperate and tropical species are different even if same species.
Nevertheless, the use of tropical organisms for toxicity tests are limited
compared to temperate species. Thus, not only the development of
ecotoxicological methods using various model organisms in tropical marine
environment but also the stable culture techniques for the maintenance of

the organisms in a laboratory are required.

2. Objectives of the Study

The project focused on the isolation of tropical copepods and finding
optimum culture conditions for the copepod selected, on the development of
ecotoxicological assessment methods using indigenous species in tropical

regions.

IMI. Contents and Scopes of the Study

1. Research period

January 1, 2014 - December 31, 2014



2. Contents and scopes of the study

O The collection and isolation of tropical indigenous copepods

O The selection of the copepod for ecotoxicological assessments and
optimum culture conditions for the organism selected

(O The mining and application of endpoints in the copepod for the toxicity
test

IV. Results

Sixteen copepods were isolated from tropical region (Weno island in
Micronesia) and 3 copepods were cultured and maintained up to now. Nitocra
sp. with high culture density (5 inds./mL) in three copepods was selected as a
model organism for toxicity test. The optimum temperature and salinity for the
copepod were 29C and 24~34 psu, and Nitocra sp. fed Tetraselmis suecica had
relatively faster development and higher survival than other microalga. Under
the optimum culture conditions, toxicity tests were carried out. NOECs (no
observed effect concentrations) level of copper and arsenic were calculated in the
acute toxicity test. In the chronic test of Cu and As, the 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

toxicity assessment.

V. Application plans of the study results

O TFor the development of the species sensitivity distributions (SSDs)
analysis in tropical regions
(O TFor the establishment of evaluation standard through finding

concentration— response relationship between the organism and toxicants

Keywords: tropical copepods, toxicity test, ecotoxicological testing
protocols, endpoint, Nitocra
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Management Council of Australia and New Zealand, 2000)°l 4 8] 739
AAAH A F U EEE (species sensitivity distributions, SSDs)E 284
2w Ao 47 EFHTANA HA 8FS AR AL dAAst

O et 35 2A siEd=S ol &3 gl e Ae=438717 5
AegerS dAeta A G AR =Y NI A=sta vk #H, 4
) Dvu & Aiptasia pulchella (Howe et al, 2012), W QZ5F Acartia
sinjiensis (Gissi et al.,, 2013)& ©]&3 s|SFAE| 5437 He] <+ By uf
A

O 22 9oll, 4l =45 7ts 98 Bepdols Aol M7 Penaeus
schmitti 2 P. paulensis (Moraes, 2000), Zdo]Alolo A dd) AEZ2HaE
Chaetoceros calcitrans, [Isochrysis galbana, Tetraselmis tetrathele and
Tetraselmis sp. (Ismail, 2002) So] <5 v} ¢l

O @A7A MEEAA A= AFAFEAAAHS AAFHNE7 7 (OECD,
Organization for economic Cooperation and Development), V|=r$7d X & =
(USEPA, United States Environmental Protection Agency), = A|3%<=3}7]
(ISO, International Standardization Organization), "= Z A& &3] (ASTM,

American Society of Testing and Materials) 2 A& 7} Sl A ok 1009 =

ofdel = ALRE YA vk Iy o= AEHHE 7t A AR Al
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(1) 872479 AP 2 A8 &= A3

20143 3-4¥] vlo]ZZ U Ao} Chuuks Weno’doll A 43]o] A3 F 137 A
Aol A samplings Al =8ttt AZA e AFEA wet A== HES} =
ol=5 Abgatnh. A4 AFAFe A EEsetd dAESs 249w, pH
meter 2 DO meterE ©] &3] ZAMFYG 2™ (Fig. 1; Table 1), ¥ ¥ sample 500
mL AEWol Eal 2EFAE 98] ofo]mutzo Yol AL o]Fetit. 7
AMEL SRR A stol A isolation® 13l & 29+1T, @& 33 psuclA Hol=
Tetraselmis suecica®} Isochrysis galbana®l &€& ™ olE Fgd3stdA 7] Zujde A
Alstdet. 712w Al ZF 87b e F3), g A g el {§4] oARE XA}
stelom, AEHor FA/MMYGE FFAA ATHCE A= S Sl 7

87159 WY A

FH

iz}
k1
il
BN
>~
>,
_0|L

2) F9 54

Lol MY/ FAEHL Jde TS WFoE DNA A4S A 8245
°] DNAsAS ¢ 18s rDNA FdAE AR&stqlth. PCR Al AH&# primer
universal primer$! 18SE (F), CTGGTTGATCCTGCCAGT (Hillis and Dixon,
1991)9} 18SL (R), CACCTACGGAAACCTTGTTACGACTT (Hamby and
Zimmer, 1988) ©]ith. PCR & 98TColA 10 sec, 55ColA 30 sec, 72ClA 60
sec?] 2SR 40 cycle AASATY. SZ+H PCR A= 1% agarose gelol A #
719% % cloning % sequencing3tth. a2 A7 EE GenBank Database

(http://www.nchi. nlm.nih.gov/BLAST/)S %53t 543k
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Fig. 1. Sampling sites in weno island, Chuuk, Micronesia
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Table 1. Characteristics of sampling sites

Site Salinity Temperatur DO Characteristic of
GPS . pH )
No. (%0) e () (mg/L) point
7°26'38.3"N
1 32 28.4 7.81 4.17 shore
151°53'42.8"E
7°26'37.7"N ) )
2 33 28.0 7.85 5.38 tide (pipe) pool
151°53'46.3"E
7°26'38.9"N _
3 33 28.1 8.13 5.70 tide (coral) pool
151°54'02.2"E
7°24'41.6"N
4 33 29.2 8.15 6.77 shore
151°50'36.5"E
7°26'40.6"N
5 33 29.4 8.13 5.53 shore (port)
151°50'23.5"E
7°27'25.7"N rock (breakwater)
6 34 29.4 8.16 5.84 )
151°50'11.5"E pool (airport)
7°27'07.9"N brackish water
7 15 29.5 8.22 7.56
151°51'19.2"E lake
7°27'15.1"N brackish water
8 24 29.3 8.10 7.01
151°51'29.0"E lake
7°24'40.3"N rock pool (small
9 37 36.6 8.43 12.05 )
151°52'27.1"E island)
7°24'40.3"N rock pool (small
9-1 38 34 8.68 10.56 )
151°52'27.1"E island)
7°24'40.3"N rock pool (small
9-2 47 34.5 R.76 8.30 )
151°52'271"E island)
7°25'47.8"N shore (mangrove
10 3 31.0 7.26 5.13
151°51'25.5"E area)
7°25'47.9"N shore (mangrove
11 15 31.2 751 5.08
151°51'29.1"E area)
7°25'48.3"N shore (mangrove
12 20 32.1 7.66 5.28
151°51'29.7"E area)
7°27'07.4"N
13 33 29.2 7.98 5.89 shore

151°53'52.0"E

_17_



. 23 9 g

welE ddl 84 E F 1622 7 Ho we calanoid 2, cyclopoid 4%
2 harpacticoid 10Fo|ow, ZF Fo xehdt oAS HEdte] dd 7| eSS A
T3ttt (Table 2). HEH o2 wige] fH 37152 18s rDNA FHA 54 4
3}, Nitocra sp., Pseudodiaptomus sp., Tigriopus sp.2 3% o olE 3FF
A ool bFAQ F& AAstrIE MiFE et vE Fel HE) HlaA =& (6
inds./mL) Nitocra sp.& A3AEZ HAASAY. 53] o 87t/ 22 A7)
(488x125 1m)E 7HA SAAE Al HALTFY SA4=
AL Qo). o] & HTh A AR Nitocra sp.& W%
AE A TH

o mﬁ
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Table 2. The culture of isolated copepods.

Development Li
ine
Site Hatch (N: nauplius, Reproduction )
Order ) maintenance
No. (Yes/No) C: copepodid, (Yes/No)
(Yes/No)
A: adult)
Cyclopoid Yes N - -
1
Harpacticoid Yes N - -
2 Harpacticoid Yes C No -
3 Harpacticoid Yes A Yes No
6 Harpacticoid Yes C No -
8 Cyclopoid Yes C No -
9 Harpacticoid Yes A No -
9—1 Harpacticoid Yes A No -
Harpacticoid Yes A No -
9-2
Harpacticoid Yes A Yes Yes
Harpacticoid Yes A Yes Yes
11
Harpacticoid Yes N - -
Calanoid Yes A Yes Yes
12
Cyclopoid Yes N No -
Cyclopoid Yes N - -
13
Calanoid Yes C - -

_19_



Table 3. Size and maximum density of cultured copepods.

Maximum
Species Size density (cell Picture
or inds./mL)

Nitocra sp. 488 X125 um 5
. 735X324 um
Pseudodiaptomus sp. 2
(prosome)
Tigriopus sp. 553%X210 gm 0.2

2. Nitocra sp.9] 2 S A =014

AR R

r—{m

Nitocra sp.o] b8 A Wds Sl o5 AAMIzAE =AY 4
(24, 29, 34, 39 % 44%), T=(25, 29, 33, 37 H 41TC) F Ho|(

suecica, Isochrysis galbana, Nannochloropsis sp., FRhodomonas sp., Chaetoceros
simplex)®l ™M& Nitocra sp.2] 227|7F @ AEES ZASEE T 12 well culture

plate (W]~ 2 mL)ol]l 7t 5313t naupliusE HE35te] 19 tA oz WdaA =

o|(Tetraselmis

#EsE . 2l HAES 8 AA =7 dASA F-A%H = multi-thermo ¥
P75 ALEstAT Gl A v "Wy 5o F, S AMSste 247
o] AP om AT T 29CTE FAHE 7] oA AAsdn. d& 2
T Ao Hol& Tetraselmis suecicas 1Y 13 & FF3g e, A&7k
& s AAEHA Ut

_20_



SEE-ERN

EAAGAER AABE Nitocra sp.8) HAFE 2L 29 ZA 23} nauplius
ol A copopoditeZ7tA] AL %= AlZF 2 copopodite A adult7}FA] =g sl= Al FS
4% 5 ALt BE APFAA FAQ0 Abol= WERA] gkt ) A A

M4 TdelE AIZFAE EE Aol f94Ql AolE Holx] kgkTh
(P>0.05). Gid AgoA dd7|7he Ao wet & 2olE Ho|x = Aoz
YUEl T o]= Nitocra sp.7} F@Eol7] witdd di WHste] wE g dAo A

= 2telE HolA & Aow dAddn vuwh 7hE udE Aol s AA7

T S
2y B Folvl AR 40% o/l APl M= A
=z

4] 2 FE Y #Esto qUAE vE dETFRY B
it o R AlRdET B A9S F3E HS W, Nitocra sp.e T 29T, 9% 24
i =

Tetraselmis suecicas &aotRo W, Huwz we o
uj #of (Table 4, 5, 6), A% BRE SAAHLS 52 29T, 9% 3

=

] |
A A EAAE ] H = HolR Tetraselmis suecicas 345

Table 4. The developmental phase and survival of Nifocra sp. cultured with

Tetraselmis suecica at the different salinities”

Developmental time

Salinity )

. Survival (%)
(D%o) N-C (day) N-A (day)

24 3.9+1.06™ 7.6+1.19°% 53.3

29 3.4+0.79° 7.4+0.52° 66.7

34 35+1.13" 7.9+1.45° 69.2

39 4.0+1.54% 8.0+1.22° 69.2

44 45+1.27° 8.5+1.29% 30.8

"Values (meantS.D) in the same column not sharing a common superscript are

significantly different (P<0.05).
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Table 5. The developmental phase and survival of Nitocra sp. cultured with

Tetraselmis suecica at the different temperatures’

Developmental time

Temperature .

) Survival (%)
() N-C (day) N-A (day)

25 4.7+0.65° 9.7+0.50% 69.2

29 3.7+0.65" 8.1+0.83" 91.7

33 3.2+0.42% 7.4+0.53° 69.2

37 -1 - 0.0

41 - - 0.0

"Values (meanS.D) in the same column not sharing a common superscript are
significantly different (P<0.05).
'No data

Table 6. The developmental phase and survival of Nitocra sp. cultured with

different algae at 29°C, 34%, salinity.

Developmental time

Alga Survival (%)
N-C (day) N-A (day)
Tetraselmis suecica 4.2+0.10% 8.7+0.21% 80.0
Isochrysis galbana 5.1+0.20" 9.1+0.36" 53.3

Nannochloropsis sp. - - _
Rhodomonas sp. 4.9+0.35" 9.6+0.15° 43.3

Chaetoceros simplex 4.8+0.20° 9.5+0.06™ 63.3

"Values (meanS.D) in the same column not sharing a common superscript are
significantly different (P<0.05).
'No data
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(1) Nitocra sp.& ©]&3 34 54A

o
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SA=Ed2 FEo HaE AREET A aARFE 24ho] AuA F BA o

A1) harpacticoid copepodq! Nitocra sp.2 ©]&3 FAZAANY

1S A8 A 12 well culture plate (Nunc, Inc., USA; working volume, 4mL)9ll

ole™ 10 mte]E& &3t 34 psu, 29Tl A 48h &<t A &S ZAFsEATE 2t

63, 1.25, 25, 50 mg/Le. 2 AASATt. Nitocra sp.2] HAAFELS 1H0]4 &7 ¢o]
gl MAIE countingst= Aol & JAAW A stollA wAsiRA o dAA}=
probit ¥4I (Finney, 1989)°] ]3] LC10 % LC50& Q3 Dunnett’s testell 9
&l NOEC (no oberved effect concentration)E A4}t

(2) Nitocra sp.& ©]&3F Tt 5 A ¢

Nitocra sp.2l WALA7IM3 AA7MA ] BEE, A8 2 AAES 2ASH
gk A3 o2 Lee et al. (2008)9] WHoll tABtA, F3} F 244 ko] A
Nitocra sp.9] nauplius (N1~N27])E dAs=e 2 dl&4 4 mL7l &
wells tissue culture platee] 22 10 viglE Y31 20C, 32 psudl
12L:12D3}ell A Hol&  Tetraselmis suecicas 1€ 131 Fg3dte] wlgstd,
Nauplius”] = 1¥ 13] ~50%, copepodite W EH o] F= ~100% H] I35 2 A8}
™ copepodite”] ¢ FA ] FEFAZ|7MA o] AT A F o] AES
2 AuE zEHYHAn At #F F V[ Feh oAl 233 AANAE 1
upE] A o] ske] 12 wells tissue culture plateo] ¥ i ¢ #& A Z A A
AokA e A WHA nauplius BAFFE (fecundity)S FAFIth Fecundity:® -3} 3%
naupliusE AAGA 3} g v dAnAetoll A Agsts WHo R SAS AT

X
ofd
N
N,

—_
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S4EAR e mag AHEstel, AU (Table Dt 2 FoAF F4
(Table 8)& WAo2 S4%7bE 2@ A3, Teloh nae) 7 wdywd o
WzehAl F wkgalA MR E LCS0#Y 9ue MAA 2 Fx

NOEC# S ARt (Table 7, 8). WetA =4 A F Al endpoint= #HAH(mortality)2] <
fo] 7l Aoz yeiwth AASZ I nauplius B5F, FElol =FA], R A
Al(Z3 A ¢ 6.43, nauplius: 4.58)E.t} wA e}
Hbrlow wE el lojA e

. ESH AAA S 2 nauplius7t A Al

N
X
R
DX
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e
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=
o
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Table 7. ECi, ECs, 95% confidence intervals (CI) and no observed effect
concentration (NOEC) for Nitocra sp. adult female exposed to copper and

arsenic for 48 hours.

Heavs motals NOEC* ECI0 EC50
y (mg/L) (95% CI; mg/L) (95% CI; mg/L)
0.50 0.96
Cu 0.32 (0.33-0.64) (0.80-1.14)
3.34 6.43
As 25 (2.43-4.00) (5.45-7.50)

‘NOEC was calculated by Dunnett’s test.
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Table 8. LCi, LCs, 95% confidence intervals (CI) and no observed effect

concentration (NOEC) for Nitocra sp. nauplius (N1~2) exposed to copper and

arsenic for 48 hours.

NOEC® LCI10

Heavy metals (mg/L) (95% CI; mg/L)

LC50
(95% CIL, mg/L)

0.26 0.46
Cu 0.13 (0.19-0.31) (0.39-0.53)

2.49 4.58
As 1.25 (1.82-3.03) (3.90-5.38)

*NOEC was calculated by Dunnett’s test.

(2) Nitocra sp.& ©]&3F THA 5 A A ¢

TS MaeE mE, gush AuEe foF
el
=

(P>0.05), wE7|7ta AEELS %Eoﬂ uwhel Hkg

endpoint= Ap&o] 7bsd Ao=

<0.
" (Fig. 2, 3). T7Elo] W3 LOAEL = &
= R L ] o R e |
o]:

B =EAe] Bl

-
=

2ot EE 013 me/L, WAE 125 mg/LE UhER

A T BokE wl, & AdAbdel 48" W& Z4F Nitocra sp.= S
AElS4F 7ol Z8o] 7hed Zow dddr A5 o

Z-go] 7|dj=
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Fig. 2. Effect on the developmental time (N - C, nauplius to copepodid and
N - A, nauplius to adult), sex ratio, survival and fecundity of Nitocra sp.

exposed to different concentrations of copper.
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Fig. 3. Effect on the developmental time (N - C, nauplius to copepodid and

N - A, nauplius to adult), sex ratio, survival and fecundity of Nitocra sp.
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exposed to different concentrations of arsenic.
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