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Effect of 17B-estradiol on Life History Parameters and Morphological
Deformities in Tigriopus japonicus sensu lato: A Two-generation Studies
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Abstract : To characterize ecotoxicological responses to a natural estrogen, 17-estradiol, we evaluated the
life-history of the parental (Fy) and first generation (F;) of the harpacticoid copepod, Tigriopus japonicus
sensu lato. We evaluated the survival of nauplii and copepodites, the number of days until the emergence of
copepodites and adult males, the sex ratio, brooding success, and the first brooding day of adult females. No
significant differences in the survival rate were noted in response to treatments with different concentrations
of 17B-estradiol. However, 17B-estradiol induced developmental delay and skewed the sex ratio toward
males. Copepod development was delayed significantly in the 0.1 and 1 pg I"! 17B-estradiol treatment
groups relative to the control group, with a more pronounced delay in the F; group. Body length and
biomass were significantly smaller in the 17f3-estradiol treated groups than in the controls. The male
emergence of T japonicus s.I. was very high in the 10 and 30 g I"' 17P-estradiol treatment group.
Furthermore, exposure to 17f-estradiol resulted in morphological deformities such as shrinking and
swelling of the urosome, twisted setae of the caudal rami, setal loss of swimming legs, abnormal
segmentation of antennules, and dwarfism.
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F=s7] wiitolth. SAMIE ST AR A2 /4 A
21 b, AFAW Aol 7Fseta, 2 AgARE 7
Aof gt} gt A TAME o] HaL, A7)t Zolof
s, Al A o2 /o] wiztelA whgs I’_ ®F A
Ho] glojof dFrh(Kusk and Wollenberger 2007). 53] &l
FAES o] &5 54 F7te] A9 did 4o 4Ee
AR 24T 75 thd 11-4 2do] ¥atA He
7357 7] wiiEel], A e 7Fest BEA Fol 5
A e Eo]of dtk(Hall et al. 1995; McAllen and Taylor
2001; Kwok and Leung 2005; Yoon et al. 2006). $1Qtol]
MAsks 87HR] A9 BEE A=Y B ope, g7
AR = dom, BEAE &, AgolA ohgF AR o
7hsshH, A W vl golstar, 23 pHell tial

- H2 WA SIS 2] el 9o S484%7HE 9
AR AR ES 2 S APERE Bl

o] €% 2Ari(Andersen et al. 1999; Kusk and
Wollenberger 1999; Marcial et al. 2003; Oetken et al.
2004; LeBlanc 2007; Bang et al. 2009).
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/\41} Ag/u S0 FoJile T 2R AAA O 28-S ulhg|
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(B35 2000). 17B-estradiol(E2)S 914 2
A s zle] Al Euh, A, 2 T
x4l Oﬂiliiziifn, It =EHE 1R
g+ 4= 1 o™ (Henderson 1993), 22+7<] 74
of =&H AEE T AFAA T
(Marc1al et al. 2003). E2& 33 T2

ol 71918t WA shE A9 B 2
2 0131 W ER AN Ed 3 ZAlef| w2 Hdof| 2
ez ) A S BEE 2.5 ng '(ND-
15.5 ng I'NZ 7Yt} 1.8 ng 17(0.2-14.7 ng 1Y), vIE &
= 0224 ng I'', =291°] H 13.0 ng I 5 Ak
Aoz dHA At(Servos et al. 2005; Johnson et al.
2005; ©] 5 2007).
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ASTM(American Society for Testing and
A5g olgd %

= 7‘332“3]'71] wtslz] Qs Aol A S E5
sk Ao 7+ H717F P42 A (DeFur et al. 1999; Barata
et al. 2004; Kusk and Wollenberger 2007), $1¢] & &

AlE wgolle ol g AlthE A thgk 71l i@ﬂ
o] 9JA] ¢t} o]of ulg} OECD(Organization for Economic

Co-operation and Development; 73 A8 2717 )0l A=
Aol Aol thek b A8 S (OECD 2005;
Kusk and Wollenberger 2007), 2 Ath 7+ 54 Ago]
Eo7kaL A= FAth(Bejarano and Chandler 2003;
Marcial et al. 2003; Cary et al. 2004; Chandler et al.
2004; % 5 2008b).
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ZA O (Americamysis bahia)ys ©]-&3 WEH| A ndEZ
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Tigriopus japonicus s.1.2] BB 5403} FEjZ] Ho|
WAL O GOl AWE B3l ABEHe7HE AR,
b‘]:’é‘ 7:"5:% o=z 3= LH_,_H] ﬁ]x}oﬁ‘j;d L—_éoﬂ Lq__
AM a7t Ausd vhgel gk Aol 71221
A5 5 Algetel 2o Ut

e
7
rr
er

o S

i

I"N

2. A5 9 by

A AE AR F

AFAWEQ AXA 827 Tigriopus japonicus s.l=
e oA TAdE] a8 B2 25 FHololA
28 =B 7] 63 um)e = AR 5 uigsd
ot WA 12k SR 1F S (Crystal Sea
Marine Mix, Crystal Sea®)S ©]-&3}] % 25 psu® A
Z3hom, =& 20°C, DO 80% ©|%, pH 8+0.3, light/
dark=16h/8h Z7ol|A 27| (Sanyo incubator MIR-553)
oA wigkslich Hol= 9lF AlE Tetramin(Tetra-
Werke, Melle, Germany)S V|MSHA A 2]g & gkl A
B2 st AAg vy 202 1S09] FFEAEW
HES FIFIATHISO 1997).

A 54 =2

Ay EZRE AA A 2EZA 17B-estradiol(E2; cas no.
50-28-2)2 AR89 2.H, carrier solventZ dimetyl sulfoxide
(DMSO)ZE o] &35t DMSO= = =7
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(biomass) =742 Feller and Warwick®] Volumetric
method(Higgins and Thiel 1988)& ©]|-&-3}3itt.
A 4
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$3l SPSS 2713 (ver. 12.0, SPSS
Inc., Chicago, IL)% ] 3. SA 42 one-way
ANOVA #48 7|5 ste 418k % Duncan test
2 A AR }»\3‘:‘1, A o AL o] &3l B4
skt

3.2

F-EAN(Fy) AL 2 AR
2 nauplius 43¢ =82 96.55+9.36%,
copepodite 42 97.8616. 07(‘ TFEEFAH%E e
O™, nauplius fr4-2> 73} & He 5.2010.65¢ ©F
of copepodite A O = W3l TtH(Table 1). Carrier
solvent, DMSO®|| nauplius 432 A<} copepodite
A AEES 100%, copepodite LS 5.23+0.54 L,
BAEALL 10.7510.89 A= 2w o3 Apol&
Holx] ekgkt} E2 2g] Aol E 1 ug Mol 7 v
& AEES B2 nauplius 90.00+12.25%, copepodite
96.30+4.08%= thEwt #2124 AolE HolA] 3%
22 copepodite?t A A 2L S 7o =S
FE APAE sl mE FElg WP el
t}. Copepodite =L 2] 74-9- HIA 2] F=lA FH 1ug
I"'744] 5.20+0.65, 5.55+0.74, 6.11+0.894 2 L7} =
o].z]oﬂ w2} AdAte] xAEANeH, 10 ug s Jdo=z
=7t B S5718PA copepodite 3 U] 7Hz} 4.9740.18,
459+0 S0 = A Wl = A o2 Yeikth 2 &9
do] AL 0.1, Lug I” lo| A Z}z} 11.5940.94, 11.55+1.32
A7 o] 13Y AE AAENCH, 10, 30 ug I lofj &
Z}zF 10214042, 10.62+£0.629 2 23 FASE =

Ag =go

e e
e
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14
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OJ} ﬁ7}ﬂ°ﬂ ] } -
= A%S 2tk 53] =& 55 &
H|&0] 7+ 93.33%, 96.67%
HeS Byt
98.08+10.00%2] XT-&S Kol {3}
= A+t 13 £0.67¢0 &= Ao E YET E2
= 7Hiﬂt 10 ug 17914 50.0040.00%% 15 S+ A
S 2 YePoL}, 1 0]9]e] thE FRolAE 90% V3]
E2 XSS HAFRIL Hx 3L =5 Tt =
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A AA=] 10 pug IM'ollM 7Pg =9 T3S B} 31K
T30 ug [MollM = v Wkl S B TH(Table 1).
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Table 1. Summarized responses of Tigriopus japonicus s.l. exposed to different concentrations of 17B-estradiol

NSR CSR CED AMED FBD MER BSR
Generation
(%) (%) (day) (day) (day) (M%) (%)
Control Mean 96.55 97.86 5.20 10.33 13.64 61.48 98.08
SD 9.36 6.07 0.65 0.49 0.67 - 10.00
0.10 Mean 96.67 100.00 5.55% 11.59* 1591% 58.62 91.67
SD 8.16 0.00 0.74 0.94 2.21 - 28.87
1.00 Mean 90.00 96.30 6.11* 11.55* 18.83% 76.92 100.00
SD 24.49 8.16 0.89 1.32 2.32 - 0.00
Fo 10.00 Mean 100.00 96.67 4.97* 10.21 21.00%* 93.33" 100.00
SD 0.00 8.16 0.18 0.42 0.00 - 0.00
30.00 Mean 100.00 100.00 4.57* 10.62 15.00% 96.67" 100.00
SD 0.00 0.00 0.50 0.62 0.00 - 0.00
0.10 Mean 95.45 96.67 5.04 11.43* 16.00* 48.28 100.00
SD 10.37 8.16 0.94 0.65 2.10 - 0.00
1.00 Mean 83.48* 93.33 5.78* 12.20* 18.35* 35.71 94.44
SD 19.47 10.33 1.14 2.53 491 - 20.41
Fi 10.00 Mean 98.08 95.00 5.70%* 11.56* 17.50* 47.37 100.00
SD 21.08 10.00 1.30 1.33 2.46 - 0.00
30.00 Mean 98.23 100.00 5.09 11.23* 17.50* 93.94" 100.00
SD 8.16 0.00 0.37 0.67 0.71 - 0.00

NSR: nauplius survival rate, CSR: copepodite survival rate, CED: copepodite emergence day ; periods from birth to copepodite stage, AMED:
adult male emergence day ; periods from birth to adult male, MER: male emergence rate; sex ratio, BSR: brooding success rate, FBD: first
brooding day ; periods from birth to female borne egg sac, SD: standard deviation, *: asterisks denote a significant difference from control by one-
way ANOVA followed by Dunnett’s test (p < 0.05), : crosses denote a significant difference from control by y>-test (p < 0.05)

Table 2. Body length, width, and biomass of Tigriopus japonicus s.l. in relation to different concentrations of 17f-

estradiol
Female Male
. Concentrations - -
Generation (ug I length width Biomass length width Biomass
(um) (um) (ug) (um) (m) (ug)
Control Mean 1034.25 355.38 5.90 858.19 322.49 4.04
SD 61.89 13.06 0.45 36.90 11.47 0.38
0.1 Mean 951.20%* 316.16* 4.30% 775.11%* 284.58%* 2.84%
SD 61.64 7.36 0.38 25.37 11.94 0.17
1 Mean 955.80%* 326.71 4.67 851.91 283.26%* 3.01%*
SD 43.64 37.04 1.11 44.22 15.13 0.43
Fo 10 Mean 767.19% 290.84* 2.93% 821.75 309.46 3.90
SD 20.41 2.54 0.13 120.26 53.45 1.39
30 Mean 920.54 294.47 3.61 757.50%* 280.61%* 2.75%
SD - - - 38.34 20.04 0.41
0.1 Mean 930.99* 326.58%* 4.50* 868.88 252.20* 2.71*
SD 12.34 16.42 0.50 37.42 79.26 0.99
1 Mean 911.37* 312.19* 4.02%* 866.54 281.80* 3.13*
SD 9.56 9.01 0.26 20.27 23.09 0.51
F 10 Mean 940.11* 332.47* 4.71%* 827.24 279.70* 2.94%
SD 30.82 12.88 0.48 40.99 16.28 0.39
30 Mean 884.14* 304.94* 3.72% 831.47 270.46* 2.77*

SD 7.29 5.19 0.16 43.08 20.33 0.45
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E 10ug 119 A%, =, YEFo] hx23 fASH Y
Bt 2 A 1, 10 pg elMe tzasd 2ol g
BolA] ko), vrfx) Frelle vzl 90% W)
2 2 YERTh A 2 10 pg 1S AQe g2 F
EoAE 280 um R thE2e] 90% BER Lo
B, AEF o) 10 pg '8 AT BE Trold gz
un Ao Ao BN,

ZRAA (Fy) AE 2 A3

B2 A =EHA &2 AA(F) Wi AP 7t
SEEE 1107 el MAE ez o] Foj Mt Fy
nauplius= 1 ug 171014 83.48+19.47%% H|w2 v A
TES HAOU OE FEoME 95% ol AEES
KAt Copepodite F4 BEE&2 A FEA 95% o
© 2 YEPT Nauplius 54 A4S 0.1, 30 ug 1714
= 22 WEsh veRtoLt, 1, 10 ug IellA tiz
ool Hlg) A AEE Aoz vellth A £ EdLS
71222 3 copepodite 4 AES BEE T4 dix
TR A AR, E3] 1ug 1A= HdE 12.20+
253U 2t Bt of 1.9¢ A A=A

E2 F19] AHl= 30 pg IMellM= 710] 93.94%= vll§-
= Uehgou, 2 0] 99 sl vl R #2914

Table 3. The deformities of Tigriopus japonicus s.l. exposed

2ol & Hol|A] ZUTHTable 2). ETH&S 5
A FEoIA 90% ol de® =A et Hx
BE Adwo]l fixTET AdHE 2o E Yeton,
1ug oA 1835£4.919% 7P o Z&aS Wt
E2 F, 9] AR 9A] RE FEoA tixew 2+
A Jeptom, E38] 30 ug 17'ollA] 884.14+7.29 ym= 7}
A AFE Bt Ade T 7P 1 ARE 2
10 ug I'' Fi= A7 940.11430.82 umZ thZZETH 10%
A% 2 Jeldth /R4 ZoME BE FRolA et
I B2 zolE HAoH, old wEt A FEoA AEF
o] xwHTh w9 A& Aoz yepgth 7P A2 A
B39 WOl B5E 30 pug I'E 3.7240.16 ugC= =45
Ao, 10 pg ' 4.71+0.48 ugC= 7P¢ =A et
o) o] A iR AEF] 80% H=ol Bt
E2 F| 79 AALe RE FLoA iz FA8H
vepgth 2y A2 rR R E A FRelA A
Zo] xR F2 Z 07 AFEY, o] ujet A=
T AA YeRdTh 7P W AEFS 0.1 pg 1Mol
2.71+0.99 pgCE x| oF 65% == AFEAct

ki
2
oi;
g0
o

el wHol
E20] =2 o] wjeFe JRAllA Fej o)) B

to 17B-estradiol

Concentrations Deformity types
(ugI™ AE US CA SA AA DM
0.1 - - - - - -
1 Fi #(1/18) - - - - -
E2 10 - Fod(2/28)  Fob(1/28) - Fod(1/28)  Fo b (3/28)
30 - Fo 8 (1/29) - Fo$(1/1) - Fo 8 (1/29)
100 - - - - - Fo 8 (1/17)

AE: abnormal egg sac, US: urosome shrink or swelling, CA: caudal rami and seta abnormal, SA: seta absence, AA: abnormal antennule, DM:

dwarfism, parenthesis: abnormal individuals/observed individuals

Fig. 1. The morphological deformities in Tigriopus japonicas s.l. exposed to 17B-estradiol. N: normal type in control
conditions, US: urosome shrink or swelling, CA: caudal rami and seta abnormal, SA: seta absence, AE:

abnormal egg sac
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AtH(Table 3; Fig. 1). E2 10 pug 17'ol|A Z2]m}r](caudal
rami)7} BIZQ FHlE A3 A A7 A EA
=4, o] /A= A3 T japonicus s.12] FE|ef= &
2] HZv] (anal somite)2} E-F-(urosome)] H3F F97}
HIA A o 2 hao] AE5t & wal 9lor, g
e 7h FEo 2 AlEH Holzl FEjE Bt & TE
MAle BF7F T8 -(prosome)el] H|&] AtiE oz Zo]
&2, Al 1650l (antennule)7} W% IA L3R o,
mejuir]e] SHA] 7} (caudal rami seta V)7} B AT &
2 FEAZE FHE stz vk 2E|a E5e] 39A] wp
tol 4HA) wit] Alo]7} ZE3F JEjE ZHaL glon, B
o] 4, 5814 mit]7} FE e AR AFF AT 1
3 AL =2717F 570 um A== - 22> A= 7k
ATk E2 30 pg I'olA #2E 71 Al RE 5

o] Z¥H (setay’} 7] WEX] gFo} ool szt ¥

Ho| F 7P Folgk 2 o= AdE Ut o]zt 713
Q= thE Aok g A717F vl 22 JiAEE
A=A o] JHAES Al 500~600 um W= v
Zow, BRI FA o g 2 I ER] 9dtom, FE
(cuticle) T°] SF> Ao 2 AZE =], o]fgh /A
S F2 10 pg I'o) Tl #ZHUT B2 Fie
BAellA B 719 iR HAE A vE2A 5
gk Pefwols W ER] ko, A7 oA B

Al egg sace X 7-97F B

uE oo Al Ho p S & X
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B Ao & 17B-estradiol (E2)0] A =& A &
2 AJAHE) 1 ug ol T 2L 2a7) ANS
W g FEe] =X E2= Tigriopus japonicus s.1.2] A
o YFE FA FUT olH S AH= T japonicuss
hd o2 3k Marcial et al. (2003)2] A, T battagliaioll
i3l Hutchinson et al. (1999a, 1999b)e] A+ & H5-4
877 Eurytemora affinis®l 1t Forget-Leray et al.
(2005)°] A+t FAbslth. E20l thet T japonicus®]
48-h LC50& 3.35 mg 17'(3.29-3.41 mg I'HE wj$¢ =&
Aoz dHA o, NOEC 9A] 1.0 mg [''E Lutz]
1 A Al A BZSE ] o]l A Eo|th(Marcial et al.
2003). WA ArEEe] HANSERA =EE S o
T. japonicus®] BE&0] 74T 4 Ao}, dubl sk
g AN ZAME F& oAM= AEEC] A FF
< W] deral & 4
S7VFE ¥t 5 AAVE H717HA A7 ®le] g@ue}
F ol HElE A s, o] S 254 @S
o7 Wo| d#HF AT 2H| 20| = (ecdysteroids)oll 2
ZAEtkBlock et al. 2003). WEH] Al 22 ]

O

(

¢
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ZE|Zo| B9t 22 A O R el S wEhA
= At (Hasegawa et al. 1993; Fingerman 1997). o]l
TAME T japonicus 5.1.9] 73782 E20l| G W=
o2 Yepton, 53] 1.0 pg 1! o]l A= nauplius -
A3} copepodite F-A H5F thtoll B8] Al7go] A
£ 222 Yelth o] A3 1.0 pg IM'9lA nauplius
A o] Aol A AE Marcial et al. (2003)2] A9 o
213kA k. Fi2l 7% nauplius 8-S 1.0, 10 ug I7'ollA
A7 A|do] YERE S| copoepodite A4S RE F =
A Aol A|dE AR AU ol g WEHIA
&l JAAA &= benzo(a)pyrene®] T japonicus
sl 2] 2474 AANZITE= Bang et al. (2009)2] 9
T} ASAl Fipronil®] Amphiascus tenuiremis®] 737345
TE AT AsmolA FH] A sEHE "ol
k= B3 (Chandler et al. 2004), V&1 Ao 22 o
O3 E. affinis] nauplius F+A2] Ao] =#xte A+
(Forget-Leray et al. 2005) 5 ©]A AFAAM = Yeh|
Atk 22 10 ug I 014 F=0ME nauplius 43¢
972 F31=9], Fy Althe] 30 ug I"'9ll4+= copepodite
A 2ol gzl sl oF 0.64 wWE o= e
ek =38 Fy Aol A= 1.0 ug 7oA copepodite 23
o] 5.78dE 7P =% S Blov sE7F Hokd
5= o] Ao] webA 30 pg Mol AE tHE nauplius
A8 fFo4 xtel & HolA] eghrt. shA|NE = Alt) ¢
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