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ABSTRACT

This study histologically describes the gonadal development and reproductive cycle of the abalone, Haliotis discus
hannai inhabiting Jindo on the southern seashores of Korea. Gonads displayed histologically definitive seasonal
changes. The female ratio (F/F + M) was 57% (n = 154/271). The gonad index (Gl) of both males and females was
the highest (3.3 and 3.9) in June and was the lowest (1.1 and 1.1) in December. The condition index (Cl) and meat
weight rate (MWR) were highest in May and lowest in October. The pattern of changes in the GI, Cl and MWR
were similar to the pattern of seasonal changes in gonadal tissues. The reproductive cycle was divided into an
inactive stage (November-December), early active stage (January—March), late active stage (March—April), ripe
stage (May—June) and spent and degenerative stage (July—October). The main spawning period of Haliotis discus

hannai was July to August at Jindo in 2013.
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ol27|7tAl ekt MAAIE 7MY (Lindberg, 1992;
Geiger, 1998).

Shto| A AEF= TZAES (Nordotis) © 25 W 201%
(&AE, N. madaka; EAE, N. gigantea; &A=E, N.
discus discus; %A, N. discus hannai) ¥ 2521714
(Sulculus) © 20} (vl EA}7],
diversicolor; $%-A}7], S. diversicolor supertexta) ©] 2.1
H1 9r} (Lee & Min, 2002).

ghroll Al AEFo] QA=A '—.’;: A8 At HEe
Aol B3k A7 (Pyen, 1970), A57F2] AAAZHA A
2% ANFT] (Lee, 1974), °4‘rm_ 3 A%, Haliotis
discus hannai] At27] (Rho & Park, 1975) 18| 34
E, H. discus hannai2] 3vjA f-=9} A& Aol #3t
AT (Jee & Chang, 1995) 5©°| 9lou ExkAE-2] AAA
B F3] olsfislrell= o]ell At AR} o A3] F53 A
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Table 1. Histological features with gonadal development stage of Haliotis discus hannai. F, female; M, male

Gonadal
development stage

Histological features

e Inactive gametogenic follicle in size and number
F e OQogonia and early oocytes of homogeneous and basophilic ooplasm

Inactive (In)

e Qocyte diameter: approximately 20-30 pm

¢ Inactive gametogenic follicle in size and number

e Spermatogonia in the spermatogenic follicle
e Qocyte diameter: approximately 30-60 xm
. ® Oocytes of heterogeneous and eosinophilic ooplasm
Early active (Ea)
M e Spermatogonia and spermatocytes of eosinophilic in the spermatogenic follicle
F e Qocyte diameter: approximately 60-100 #m
e Qocytes had developed egg stalk
Late active (La) Y ped egg
M e Spermatids and sperm of basophilic in the spermatogenic follicle
F e Qocyte diameter: approximately 100-150 gm
. e Cytoplasm filled with eosinophilic yolk granules
Ripe (R)
M e Sperm mass of strong basophilic in the spermatogenic follicle lumen
F e Degenerating undischarged oocytes
Spent (Sp)
M ¢ Loosening of the sperm mass in the spermatogenic follicle lumen
F e Degenerating oocytes
) e QOogonia and early oocytes in the oogenic follicle
Degenerative (D) . .
M ¢ Degenerating undischarged sperm

e Spermatogonia in the spermatogenic follicle

A stete.
ME 2w
1. A=
B QP AE T ek AR mpe] A% e

g ABoFaAAo) A 20129 99¥¥ 20139 8¥7kA] AA 3t
A 2 64.1 (= 14.8) mm2] EWAE. Haliotis discus

hannai 271704 43515t
2. 3R3A%
AR ] 9 5o B AREE ARE Fs|FEA

oJ
(KHOA, 2013) °llA] <l-g-3}ic}.

3. 2494 24
Alg 7H*“:\_ 24 W A 52 A g o,
= UAd 915 Bouin's solution®l
25 F2 36-48A7F et FAEIL
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mlo
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o 2o 242 wol22ES olgsle] £ 46 nmel 3
g FeEew Q5ARs Algn AR 2R AR
Mayer's hematoxylin-eosin (H-E) g4 AA|sle] Fshs

vZez FAsigink

4. 4]
CRESE S

Aol The3t 2ol ARksIc.
Female (%) = [Female/Female + Male] x 100

5. QA & LA
A2 & A= Lee (1974) 9 Sobhon (1999) 2]
22 AT $RE 27 Table 13} Zo] 6WHA|Z T3

k.

S mlo

6. A 2=2] 4 (gonad index, Gl)

GI& ol#fie} o] Aalh waadAER A4 (In = 1, Ea
=2, La=3 R=4,Sp=3 D=2 & 53 A4 &
AAFZ Yol vepit
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(Nof Inx 1) + N of Ea x 2) + (N of La x 3)
+ (N of Rx4)+ (N of Sp x 3) + (N of D X 2)
Total N observed monthly

GI =

7. "] % (condition index, Cl) B2 $-%%}4] (meat weight
rate, MWR)

Body weight (g)

CI =
Shell length (mm)?

x 1000

Body weight (g)
Total weight (g)

MWR = x 100

8. B £4
Al SPSS A 22w
Fo14 o2 Agsieinh

o] &3te] 1? t-testE Shof

2

Ao A —’F % 14.3C gon, 2°El°ﬂ 6.4C=Z AL
el iz, 899 22.0CE H14es Jeith J4 g8
= 31.4 psu §o™, 8¥4l] 29.1 psuR 7P Wk 149

2.5 psu® 7 =3k} (Fig. 1).
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Fig. 1. Monthly variations of water temperature and salinity in
the sampling area (KHOA, 2013).
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Fig. 2. Monthly variations of gonadal development frequency

in Haliotis discus hannai.

Ea, early active stage; In,

inactive stage; La, late active stage; R, ripe stage; Sp,
spent stage; D, degenerative stage.

A 8kgick 201249 10990= H3b7)¢) 1)

srom, 1193 129efE ]

274719 vlge] %
244719 wlge] 7P w3

20134 14958 3€elle 2712479 vlgo] 3o, 3%

5T} 30T (Table 2).

3. AN IR €8 29 E

I} 49l

Z7184 719 $713
of nlsf Aha o =gt} 5U3} 6=
7V wsken, Ay W&

719 WA=

24719] Wl go] P2 o

RENE

]E"]
o] al=|glcl. 747} 8

A 4wt = 20129 99 717 oF, 5 242 8% Lol WE7]9 S8E&0] 7P =okow, dioAs Hip|
o} 25%% AXGom, BEINE ¢ 4 A7 sa%e} 5%E  7F BAEAT (Fig. 2).
Table 2. Sex ratio of Haliotis discus hannai collected from Jindo
Shell length (mm) Total Female Male Sex ratio (F/F+M) Chi-square p value
20.1-40.0 6 4 2 0.67 0.667 0.414
40.1-50.0 61 31 30 0.51 0.016 0.898
50.1-60.0 39 18 21 0.46 0.231 0.631
60.1-70.0 71 42 29 0.59 2.380 0.123
70.1-80.0 35 21 14 0.60 1.400 0.237
80.1-90.0 54 35 19 0.65 4.741 0.029
90.1-110.0 5 3 2 0.60 0.200 0.655
Total 271 154 117 0.57 5.052 0.250
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Fig. 3. Monthly variations of gonad index (Gl) in Haliotis
discus hannai. Vertical bars indicate standard deviation.
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Fig. 4. Monthly variations of condition index (Cl) in Haliotis
discus hannai. Vertical bars indicate standard deviation.
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Fig. 5. Monthly variations of meat weight rate (MWR) in
Haliotis discus hannai. Vertical bars indicate standard
deviation.

4. AN A (GI) 9 4 A3}

iz\}ﬂﬂ 59 GI+= 201249 12499 ¢F, = 2% 1.1 4
T 7P 2 gk Bk o] F A& o® Frlele] 20134
690l o, = 47 3.37 3.9 AAF 7MY 5L g Bel v
79N Arashs A¥de B3 (Fig. 3).

5. H]GkE (CI)
4 CI= 0.0720]3ck 20124 109l <, 4= Z+2F 0.059

8} 0.058% A% 7P F FhE 23l )
T 7247 0.0829) 0.079% A% 7P =2 7S 2ol & 74

she AE Vel (Fig. 4).

6. %34 (MWR)

A MWRS 66%%G.2m, Ao W& MWRS 7ia) 4
VT T 66%= Aol gk Atol= ¢lich € of, 5+ ¥
MWR-2 20129 1099 27} 58%%} 59%% A% 71 A
velten 201349 549 &, & 474 74%$F 1% QA5

7 B& S 2y (Fig. 5).

_1
NS

[e3

A

X}

a1 =

W BEFe} o] AXae v AAAEHA
A (gametogenic follicle) 22 FAE W, Z1zhe] 2y Y]
oA AAAEe] F3t W o] ARt 7 ad vjellA] A
ANEES] W T AR A sEn, A-A o7 Fgt
W3S 2elt} (Mackie, 1984; Eversole, 2001; Jung et
al., 2007a, b; Marroquin-Mora & Rice, 2008; Peredo et
al., 2010). °]¥3+ F+x2 EAL Haliotis iris and H.
australis (Wilson & Schiel, 1995), H. asinina (Capinpin
et al., 1998; Sobhon et al., 1999), H. varia (Najmudeen
& Victor, 2004), H. midae (Visser-Roux, 2011) ¢ £ 4
T4 2928 AL Gl

E529 Aul (k= H. cracheroidii (Weber &

Giese, 1969), H. rufescens (Young, 1970), H. gigantea,
H. sieboldii, H. discus, H. discus hannai (Lee, 1974),
H. australis (Wilson & Schiel, 1995), H. asinina
(Capinpin et al., 1998) % H. varia (Najmudeen &
Victor, 2004) 9|4+ oF 1:12 B u=gich shxjuh, A=
F49] Dunedin Q1A AA-= H. iris®] A$ 5 A&
A w7k 113 1712 47 O2A EaElgled, ol #
gk el AFEA] %9ktl (Wilson & Schiel, 1995). ¥ <
TolA e Bl 57% (1:0.76; n = 154:117) = Tfﬁ
W gueh okeh AAFES] Aol i) Wt w424
S04 2903 5o, Wo] £ 3H 2q00] AL (Yusa
2007; Chavez-Villalba et al. 2011). 3}A]9k, 2 oA =
oleit gule] Aolell Bt Amt ANsHA Eelgonz +
F ololl Tt AA A7} Be P Aoz gekAc,

}H)\]/\ uh:h;]-;ﬂ u]}_ }\U\z]_f,s w H]u]-l,:_vq <] a:];]. =
o ARE BERE TIT QAEE) AT TE e
719 W95 sl 23 3Eo]t} (Boolootian et al.,
1962; Sobhon et al., 1999; Marsden, 1999; Park et al.,
2003; Najmudeen & Victor, 2004; Liu et al., 2008;
Limpanont et al., 2011; Jeon et al., 2012).
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E dFolA EAEY Aaie xAsHo R w|EAY|

7] 54-69), WE % =3p7] (7€-10%) o AdA ] A
Bk AAaAleE o & 25 6ol Hugs 2o,
1240l HAGE vl AAaAFE iz AA
Hakel AR Fe vEh SRR A s 1 AR
AN 9] G kPl o R sk

AAsE 7Y E5F<¢ H varia (Najmudeen &
Victor, 2004) 2} o]wi=F-<] Spisula sachalinensis (Lee
et al., 1997), Gomphina veneriformis (Park et al.,
2003), Fulvia mutica (Liu et al., 2008), Pecten
sulcicostatus (Arendse et al., 2008), Heteromacoma irus
(Limpanont et al., 2011) & 8|53 W £59 A A5
0] a3 29lo7 283t} (Gosling, 2004).

dATES ARE F4 7R AREISe del G
veneriformis (Park et al., 2003) ¢} Z¥o] 4% 13]q9t Alsh
3= £33} Thailand®] H. asinina (Sobhon et al., 1999)
AY A% 23] o] tb3] Akbels Fow 7EE 4 v 2
23 Ak A7ef| we} 2 iAo FelA E 5 e dF
A1F8 (year-around breeders) ¥ =715E o|53 2E
Aolo]| Algtsl= FAIAEES (winter breeders) 18| S8
FE 2IE Alelddl Akl AN (summer
breeders) °% TE3t} (Boolootian et al., 1962;
Capinpin et al., 1998).

2 A7 A, 201349 AmeA FARS] FakE 74
-89% A o] A 3] ATl A Lee (1974) ol 2J3H
Huxl 84-1042] FARY] Bk ohh w2 238 Bgle
U o]E2 syl Sel= Zle R eyt

ol F-o] 7 winkze] W= AAF7] % Holxz}
Ads Haldh spx|uk AEFe] 7ol o]59 dAdAl
w3 A7 Folrr] e oWisiE sked S
sachalinensis (Lee et al., 1997), Tegillarca granosa
(Lee, 1997), G. veneriformis (Park et al., 2003) £}
Mercenaria mercenaria (Marroquin-Mora & Rice, 2008)
o] vukx = AYAF7)eh Akl AL F. mutica®] ¥k

e
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