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Abstract

In an attempt to understand effects of the Hebei spirit oil spill on benthic
invertebrate animals 2 years after the accident, the annual reproductive cycle of
the toothed top shell Monodonta labio confusa (Tapparone-Canefri, 1874)
occurring at a rocky intertidal in Taean oil spill site was investigated using
histology. For histological analysis, the top shells at the oil spill site were collected
monthly from April 2010 to April 2011. As a control, the annual reproductive cycle
of the same population distributed in Incheon bay was also collected and
analyzed monthly. Size of the toothed top shells in terms of shell height from the
oil spill site was significantly smaller (p<0.05) than the top shells at the control
site. It was believed that the top shell collected from the spill site was 1-2 years
old, possibly recruited in 2009 summer or fall. Monthly means of the condition
index of top shell at the control site were significantly higher (p<0.05) than the oil
spill area. Histology revealed that the female at the control site initiated
gametogenesis in February, which was a month earlier that the spill site. At the
control site, the top shell was ripe and ready for spawning in July and first
spawning females observed in August. In contrast, sexual maturation and
subsequent spawning of the toothed top shell at the oil spill area occurred in July
and September respectively. The percent gonad area (PGA) of the top shell at the
control site in Incheon bay peaked in June and the PGA declined linearly from
June to August, suggesting that the spawning occurred during June and August.
The PGA at the control site increased from August to September then declined
from September to October, suggesting a second spawning pulse at the control
site. In contrast, PGA of the top shell at the spill site peaked in July and it
declined gradually from July to October, indicating that the top shell spawned

1



from July to October. The student t-test indicated that PGA of the top shell at the
control site during spawning peak was significantly higher than PGA measured
from the oil spill site (p<0.05), suggesting that the top shell at the control site
produced more eggs compared to the quantity of egg produced from the top
shell at the spill site. The observed slow gonad maturation and spawning at the
oil spill area 2 years after the accident was in part, explained by the lower water
temperature at the spilled area since the surface water temperature at the spill
site during the spring and the early summer was 3-4 degree lower than the
control site. It was also believed that the difference in the gonad maturation and
spawning observed between the control and the oil spill sites was due to the age
of the top shell, since the toothed top shell collected from the oil spill area was

believed to be 2-3 years younger that the top shells at the control site.
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SH

Fig. 2. Shell Height (SH) and Shell Length (SL) of Monodonta labio cofusa.
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mantle cross section

foot

stomach
kidney

operculum

gonad

gonad

Fig. 3. External feature of Monodonta labio confusa removed from the shell (A), Cross

section of kidney and gonad (B).
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21°C2 2 +28 LIEPACH 422E 8FNK| 53 X|%o| 422 1= XY=

Ct Bx 3.6°C =2n, 108RHE TH X992 +20| FHE XHEL o 16°C

SRUACE

2. dedof] AL8E JHEElE| RS

L

Offt
1%}

=40 AMEE 2EfE|2E9 JMss FHZETE T 3807HH,
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mm, 14.7-20.1 mm, 1.36-337 g°| HQE L}EfHOn, @ SH 155 mm, B SL
162 mm, @ TWTS 190 go|Ct Z#9| JHLEI2| 159 SH, SLu} TWTE 12.6-
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19.2 mm, 18.8 mm, 2.79 gO|RULC} (Table 1).
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AAxZ2 e =&5tH, oz FYRYME (spermatogonia) E RN

(oogonia)Zt ZEE|X| 40F, HE FEY = GUCt (Fig. 6F & 7F). Z=7| HE7| (early
development)Q| thAe= OfZ7b e, HAEo| w2t 2 0| HX|A ECth o2
= M2t e HEel2 JE352 HRME (oogonia)Zt 2EHEICEH (Fig. 6A). 27| &
=H7] (late development)] HAE= 2] 79 HEFOl HRNEE Z= GENER
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G5 H2MEZES| MZEOAM= ¢ (nucleolus)0| FE5| RAEICE dFot HE
MZ= o= W& (follicular lumen)o| S0 L[X|SD, HZAM=Zol ZA0| H
(nucleus)O| 2tEEICH (Fig. 6B). Fig. 6C2} Z0|, 47| (Ripe stage)dfl= 22 LEHS
Ol Lb@M|Z7} BHAME|7|= S}X|DH CHEEO| 37| 97.7-147.8 mmo| k=Lt (mature
egg)0| OjZE 75 xfe1 ULk t=stol MEHLHO= AHOisH 9 (nucleus)O| 5
SI6HA FEECH AEHI| (spawning stage)Q| thAe HYRALS| HHEO0| 2fsf Of 2o
HEfE QlofH oz H Z7h (lumen)o| W-dE=ICH (Fig. 6D). &gtz 7| (spent

stage)Q| A= E[StEl RN EEO| EEICH (Fig. 6E).
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M= (spermatocyte)?} MM ZE (spermatid)7} XLt (Fig. 7B). M=7| (ripe stage)
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ol 2830 A% A2z FFED (Fig. 8A), A JISE2[2E2 +2 81°C2 4

20| gametogenesis7} Yojth HoZ AL=E ULt (Fig. 9A). EHE Jj2El2|nEL
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Ef7F MCfRo 2 YB3 ZHo2 THEE|QULCE (Fig. 10).

7. PGA
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HSEtE TS0 PGAL 60| S%OIN 36%2 HX X7 FH3| S50, 72
of 31%, 80| 17%2 ZASHAUC d2iLt SHS JHSE2 D50 PGA= 90| 25%
2 CHAl Z713t9em, 0|2 S8 58 X|%0| MAsHs JHSE2|nSe A

—

T, 28| wtetot AHoz FYEULC

FEY0 = FYzo 2ESt= JH2E2/2S2| PGA &= 6-7 EHO| 5%-
23%2 Z74stgon, 8 ¥ PGA = 12%2 ZIASIRICH 2L} jETO ESEq}

2|l 9 EF PGA o B7h= ZELX oL FHZE HSERRASS ME V[T F

n

1 o deret A22 MEE[RACE F+ X|H97te] 8o PGA & Hluet 2 F2Z9|
NZEt2|1S PGA 7t Felo| Ji2E2|1& PCGA 2Ot Ro[Ho 2 HR/UACH (p<0.05).
NEZEt2| 1S EZt PGA Hats A4 LT LTS BAE ERH, MEt

HHo| xCHX[E £ gHHE MEto] 2tEEl 10-11 A2 H XXX E =HIUCh
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Table 1. Number (N), shell weight (SH, mm), shell length (SL, mm), and tissue wet weight (TWT, g) of M. labio confuse collected from
the oil spilled site and the control site from April, 2010 to April, 2011. Each value represents the mean and the standard

deviation (SD).

Guryepo ( oil spilled site) Jonghyun (control site)
Period N  SH(meantSD) SL(meanzSD) TWT(mean+SD) N  SH(meantSD) SL(meanzSD) TWT(mean+SD)
2010

Apr 30 146+ 1.6 201+£13 3.37+0.5 30 20.7+15 19.7+14 282+0.6
May 20 10.5+£0.7 16.6 £ 1.7 2.08+0.3 20 126+ 1.5 18.7 £ 3.0 2.86£0.7
Jun 30 179+1.0 17.5+0.8 201+03 30 206+1.5 19.6 £ 1.2 2.85+0.6

Jul 30 17.0+1.6 15.6 £ 3.4 1.85+0.3 30 18.8 £ 3.4 18.2+29 244+09
Aug 30 15.3+1.0 149+1.3 1.66 £ 0.3 20 19.56+2.1 18.7+2.0 274+0.7
Sep 30 15.2+1.3 15.1+10 1.60+0.3 30 195+26 18.8 £2.2 2.88+0.9
Oct 30 15.5+0.9 15.2+0.9 1.68 £ 0.3 30 175+24 16.8 £2.2 215+0.7
Nov 30 16.2+1.3 15.9+0.7 1.91+£0.2 30 204+24 19.2+20 3.07+0.6
Dec 30 175+ 1.1 16.7£0.9 218+0.3 30 214+16 201+£15 3.07+£0.9

2011

Jan 30 15.2+0.8 149+0.8 1.56 £ 0.2 30 214 +£17 202+14 3.32+0.7
Feb 30 14.8 £ 1.1 14.7 £ 1.1 1.36 £ 0.3 30 19.0+2.7 18.1+2.1 263+09
Mar 30 15.7+1.2 154 +£0.7 1.61+0.2 30 19.7+2.6 18.7+2.0 2.86+0.9
Apr 30 15.8 £ 0.8 15.1+£0.6 1.77+£0.2 30 19.2+24 18.1+1.9 270+0.8
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Fig. 4. Monthly variation in water temperature at the sampling sites from April 2010 to

April 2011.
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Fig. 5. Monthly changes in the Condition Index (CI) of Monodonta labio confusa
collected from Guryepo and Jonghyun. (T-test, P<0.05)
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Fig. 6. Photomicrographs of the ovary development. (A) Resting stage; (B) Early
development stage; Oocyte (Oc), Oogonium (Og) (C) Late development stage;
Follicular wall (Fw), Nucleus (N), Nucleolus (No), Vitellogenic oocytes (Vo) (D)
Ripe stage; Mature oocyte (Mo) (E) Spawning stage; Lumen (Lu) (F) Spent stage,

Scale bar= 50um
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Fig. 8. Percentage of gonad development stage of the female collected from Jonghyun (A)

and Guryepo (B).
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Fig. 9. Percentage of gonad development stage of the male collected from Jonghyun (A)

and Guryepo (B).
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Fig. 10. Monthly variation of the Digestive Gland Atrophy (DGA) (T-test, P<0.05). The

vertical line shows the standard error.
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- -& - Guryepo —&— Jonghyun

Fig. 11. Monthly mean and the standard error (vertical line) of the Percent Gonad Area.

Statistically significant difference are marked by the star (T-test, P<0.05).
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