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ABSTRACT

This study histologically describes the gonadal development and reproductive cycle of the abalone, Haliotis discus
discus inhabiting Jeju Island of Korea. Gonads displayed histologically definitive seasonal changes. The gonad
index (Gl) of both females and males was the highest (3.2 and 3.3) in September and was the lowest (1.7 and 1.4)
in January and February. Egg diameter increase from early stage in March and reach about 180 um to ripe stage
in August. The condition index (Cl) was highest in July and lowest in May. The pattern of changes in the Gl, egg
diameter and CI were similar to the pattern of seasonal changes in gonadal tissues. The female ratio (F/F + M)
was 59% (n = 182:127). The reproductive cycle was divided into an inactive stage (January-February), early active
stage (March-April), late active stage (May—-July), ripe stage (August-October) and spent and degenerative stage
(November-January). The main spawning period of H. discus discus was August to October at Jeju Island in 2014.
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discus discus; HHWA%, H. discus hannai) 3 $¥A7]4
(Sulculus) ° 201 @@HeEA7], S, diversicolor
diversicolor; S5#}71, S. diversicolor supertexta) ©] H.1L
1 9it} (Lee and Min, 2002).

TTAELS =57 (Gastropoda), ArESE
(Archaeogastropoda), A3} (Haliotidae) ©l| &3l= 2%
EE57E2A 2764 #4020 me] vk A Gl AAlghtka
dHA 1, T, A&, F, it SOl 23 UPL
2] FAE oIt} (Lee et al., 2014).
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A SHeAe d7E FUARS WA A4S (Tomita,
1967) 3} A4 4<% (Tomita, 1968), AE2] FA]o] w3t o
T (Pyen, 1970), AE5o] A EHA Wé AT
(Lee, 1974), o+l Axe] EWAE H discus
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hematoxylin- eosin (H-E) 24& AA|sle] Fetddu]Zgoz
PA5gc)

*o*—‘. I %zllL Lee (1974), Sobhon (1999) ¢} Park
et al. (2014) & WES 7122 97 £ BT n|FEA)
(inactive stage, In), 7]2A)7] (early active stage, Ea),
%7184 7] (late active stage, La), $57] (ripe stage, R),
W=7] (spent stage, Sp)¢} E|3}7] (degenerative stage,
D) 6242 F¢-3kgich

5. ;A1 &3] 4* (gonad index, Gl)

Gl oleig} 72o] Al WA EE A4 (In = 1, Ea
=2 La=3 R=4,Sp=3 D=2 & F3 A4 &<
Az el el

(N of In x 1) + (N of Ea X 2) + (N of La x 3)
Gl = +(Nof RX4) + (Nof Sp X 3) + (Nof D X 2)

Total N observed monthly

6. 37 =49 4 ‘ﬂi} (egg diameter)
GEAZe] WA An|ASAEAA] IMT-VT Image
analysis, IMT Inc., USA) & A3ty A3 )

7. H] 9% (condition index, Cl)

CI = Body weight (g) - x 1000
Shell length (mm)

8. Av]
e 2AREE A7) thewt 2o] Antsigict.

Female (%) = [Female/Female + Male] x 100

9. $A¥H ¥4
Adule SPSS A TEIayE o]l83dte] x* (Chi
squared) t-testE sto] oA oH-E FASGCh

2 =

TLAE ARG AR (20139 11€-20141d 10
4) Fk B 72 17.6TY) 240l HAeEE vEh
, 920 Hu42S Jellth F7 dEE5EE 329 psu $
o1, 32.0-33.8 psud WS B} (Fig. 1).
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Fig. 1. Monthly variations of water temperature and salinity in
the sampling area.
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Fig. 2. Monthly variations in gonadal development frequency
in Haliotis discus discus. In: inactive stage, Ea: early
active stage, La: late active stage, R: ripe stage, Sp:
spent stage, D: degenerative stage.
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Fig. 3. Monthly variations of gonad index (Gl) in Haliotis
discus discus.

2. 3N 2ddAe] € 9 &
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293} T97HA) 27184719 AP diEE AkAlskglen, 8
ol g7} BRI 109714 sl AES & 5
AT FAL 2014 8UFE 579 AAHIS] WGl
H, 1149714 WSk JAlES B2 5 id (Fig. 2).
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Fig. 4. Monthly variations of egg diameter in Haliotis discus
discus.
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5.0]4txe] € W3}
ks = o, = EF 201449 749 (0.0748, 0.0760) & 7}
A Egkow 20139 1094 20149 19704 AAA o7
2014\ 497k vlsdt $E5 FAIESI 2014
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(0.0268, 0.0278), 20144 69> 20149 445} £A e}
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Fig. 5. Monthly variations of condition index (Cl) in Haliotis
discus discus. Vertical bars indicate standard deviation.

Zbel] whe} thae] Aol mglo} AR Aoz gl ulgo]
59%% 7 v} =9kt (Table 1).

2lo)t} (Mackie, 1984; Grubert and Ritar, 2004). A%
= 420] TC of5}2 b AlolBEE BFL 4o]
3}=]=vl (Sakai, 1962a, b), ¥ A 7|7+e] & 7C ©]
oz AL AL vE PEA A0 el

ge BEgsl olslRe AT sl AT
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H3}E ®Rolt} (Mackie, 1984; Eversole, 2001; Jung et
al., 2007a, b; Marroquin-Mora and Rice, 2008; Peredo
et al., 2010). o138 Fx2 EAL Haliotis iris and H.
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australis (Wilson and Schiel, 1995), H. asinina
(Capinpin et al., 1998; Sobhon et al., 1999), H. varia
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2011), H. discus hannai (Park et al., 2014) £} & 72
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AAEEL At FA42 A7 13 4sle T 3] Akt
e TR FEE 5 glon, AR ue AFAkEty
(year-around breeders), =7}4-€ o]l 28 ool At
=sl= EAA=H] (winter breeders) 123 =E-HE %7}
< Alolof| Atgtsl= dHAIAIEES (summer breeders) ©2
2=t} (Boolootian et al., 1962; Capinpin et al., 1998).

2 AT A} 201449 AFE|M FTZARL] FAE= 8
Y1042 2A}E]0] o] AR &3l ZoE e}

[o

Table 1. Sex ratio of Haliotis discus discus collected from Jeju Island

Shell length (mm) Total Female Male Sex ratio (F/F + M)  Chi-square p value
60.1-80.0 27 17 10 0.63 1.815 0.178
80.1-100.0 105 54 51 0.51 0.086 0.770
100.1-120.0 102 59 43 0.58 2.510 0.113
120.1-140.0 41 30 11 0.73 8.805 0.003
140.1-160.0 18 11 7 0.61 0.889 0.346
160.1-240.0 16 11 5 0.69 2.250 0.134

Total 309 182 127 0.59 9.790 0.002
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and Graham, 1964).

Park et al. (2014) 9 7oA 479 w]&S 57%
(1:0.76; n = 154:117) & 571 v|&H T} F3kow, 2 oI o
A5 Q719 ulgo] 59% (1:0.70; n = 182:127) & ¥ A
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£ BojFgleh W 24 g 399 2714AVEH A
Z7Vsb7) AlFsle] 4719l 84 180 pm A3 WAL
veldleh, BletEs ohg SR 7€l A (0.0748,
0.0760) & How, 59 A3} (0.0268, 0.0278) &
ehlch A 2R g, G g nukes AAAxA e AAA
kel AR P Jelth AAFE R (119
-129), 271247 (194-3%), 371247 (3€-49), =]
(2-64), T= 2 =] (79109 B FEE + Yok
20144 AlFEoA FIAEL] FAR|E 8€-104 o3tk

-~

B QPE 5%

REFERENCES

Boolootian, R.A., Farmanfarmaian, A. and Giese, A.C.
(1962) On the reproductive cycle and breeding habits
of two western species of Haliotis. Biological
Bulletin, 122: 183-193.

Capinpin, E.C. Jr., Encena II, V.C. and Bayona, N.C.
(1998) Studies on the reproductive biology of the
Donkey's ear abalone, Haliotis asinina Linné.

Korean J. Malacol. 31(1): 21-26 2015

Aquaculture, 166: 141-150.
Chavez-Villalba, J., Soyez, C., Huvet, A., Gueguen, Y.,
Lo, C. and Le Moullac, G. (2011) Determination of

gender in the pearl oyster Pinctada margaritifera.
Journal of Shellfish Research, 30: 231-240.

Eversole, A.G. (2001) Reproduction in Mercenaria
mercenaria. In: Biology of the Hard Clam. (ed. by
Kraeuter, J.N. and Castagna, M.), Elsevier, New
York. pp. 221-260.

Fretter, V. and Graham, A. (1964) Reproduction. In:
Physiology of Mollusca, Vol. 1. (ed. by Wilbur, K.M.
and Yonge, C.M.), Academic Press, New York. pp.
473.

Grubert, M.A. and Ritar, A.J. (2004) Temperature effects
on the dynamics of gonad and oocyte development in
captive wild-caught blacktip (Haliotis rubra) and
greenlip (H. laevigata) abalone.  Invertebrate
Reproduction Development, 45: 185-196.

Jung, G.K., Park, J.J., Ju, SM., Jin, Y.G. and Lee, J.S.
(2007a) Ovarian structure and oogenesis of the spiny
top shell, Batillus cornutus (Lightfoot, 1786)
(Gastropoda: Turbinidae). The Korean dJournal of
Malacology, 23: 209-216.

Jung, G.K.,, Park, J.J., Lee, JW. and Lee, J.S. (2007b)
Spermatogenesis of the spiny top shell, Batillus
cornutus (Lightfoot, 1786) (Gastropoda: Turbinidae).
Development and Reproduction, 11: 97-104.

KHOA (2014) Real time coastal data; dJeju island.
[Online] Available from: http:/sms.khoa.go.kr/koofs/kor/
observation/obs_past_search_statistic.asp Accessed
October 25, 2014.

Lee, J.S. and Min, D.K. (2002) A catalogue of molluscan
fauna in Korea. The Korean Journal of Malacology,
18: 93-217.

Lee, J.S., Won, S.H., Kim, S.K., Lim, HK. and Lee, J.S.
(2014) Classification and description of Genus
Nordotis (Gastropoda: Vestigastropoda) from Korea.
The Korean Journal of Malacology, 30: 79-86.

Lee, T.Y. (1974) Gametogenesis and reproductive cycle of
abalones. Publications of the Marine Laboratory
Busan Fisheries College, T: 21-50.

Mackie, G.L. (1984) Bivalves. In: The Mollusca, Vol. 7.
Reproduction. (ed. by Tompa, A.S., Verdonk, N.H.
and van den Biggelaar, J.A.M.), Academic Press,
New York. pp. 351-418.

Marroquin-Mora, D.C. and Rice, M.A. (2008) Gonadal
cycle of northern quahogs, Mercenaria mercenaria
(Linne, 1758), from fished and non-fished
subpopulations in Narragansett Bay. Journal of
Shellfish Research, 27: 643-652.

Najmudeen, T.M. and Victor, A.C.C. (2004) Reproductive
biology of the tropical abalone Haliotis varia from
Gulf of Mannar. The Marine Biological Association of
India, 46: 154-161.

Peredo, S., Jara-Seguel, P., Parada, E. and Brand, E.V.
(2010). Gonadal organization and gametogenesis in
Musculium argentinum (Veneroida: Sphaeriidae) from
a population in southern Chile. Journal of Shellfish

_25_



2L, Haliotis discus discus 2 MAIZFT]|

on

Research, 29: 989-993.

Park, M.W., Kim, H., Kim, B.H., Son, M.H., Choi, J.S.
and Lee, J.S. (2014) Reproductive cycle of the
abalone, Haliotis discus hannai collected from Jindo
of Korea. The Korean dJournal of Malacology, 30:
243-248.

Pyen, C.K. (1970) Studies on the propagation of abalone.
Bulletin of the Korea Fisheries Society, 3: 177-186.

Rho, S. and Park, CK (1975) Studies on the
propagation of the abalone. II. The spawning season
of Haliotis discus hannai Ino in the adjacent areas
of Yeosu. Bulletin of the Korea Fisheries Society, 8:
234-241.

Sakai, S. (1962a) Ecological studies on the abalone,
Haliotis discus hannai INO-1. Experimental studies
on the food habit. Bulletin of the Japanese Society of
Scientific Fisheries, 28: 766-779.

Sakai, S. (1962b) Ecological studies on the abalone,
Haliotis discus hannai INO-1I. Mutuality among the
colored shell area, growth of the abalone and algal
vegetation. Bulletin of the Japanese Society of
Scientific Fisheries, 28: 780-783.

Sobhon, P., Apisawetakan, S., Chanpoo, M., Wanichanon,
C., Linthong, V., Thongkukiatkui, A., Jarayabhand,
P., Kruatrachue, M., Upatham, S.E. and Poomthong,
T. (1999) Classification of germ cells, reproductive
cycle and maturation of gonads in Haliotis asinina
Linnaeus. Science Asia, 25: 3-21.

Tomita, K. (1967) The maturation of the ovaries of the
abalone, Haliotis discus hannai INO in Rebun
island, Hokkaido. dJapanese Science reports of
Hokkaido fisheries experimental station, 7: 1-7.

Tomita, K. (1968) The maturation of the testes of the
abalone, Haliotis discus hannai INO in Rebun
island, Hokkaido. <Japanese Science reports of
Hokkaido fisheries experimental station, 9: 56-61.

Visser-Roux, A. (2011) Reproduction of the South African
abalone, Haliotis midae. Ph.D. Dissertation,
University of Stellenbosch. pp. 88.

Webber, H.H. and Giese, A.G. (1969) Reproductive cycle
and gametogenesis in the black abalone, Haliotis
cracheroidii  (Gastropoda: Prosobranchiata). Marine
Biology, 4: 152-159.

Wilson, N.H.F. and Schiel, D.R. (1995) Reproduction in
two species of abalone (Haliotis iris and H. australis)
in Southern New Zealand. Marine and Freshwater
Research, 46: 629-637.

Young, J.S. (1970) The reproductive cycle, gonadal
histology and gametogenesis of the red abalone
Haliotis rufescens (Swaison). California Fish and
Game, 56: 298-309.

Yusa, Y. (2007) Causes of variation in sex ratio and
modes of sex determination in the Mollusca - an
overview. American Malacological Bulletin, 23: 89-98.

_26_



