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Abstract

This study was investigated to examine reproductive characteristics of the
sweetfish, Plecoglossus altivelis, in Jeju(Gangjeong, Yeonoe and Ongpo
stream) during from May 2004 to December 2005. External characteristics and
structure of gonad, variation of gonadosomatic index (GSI), gonadal
development, weekly and monthly changes of oocyte developmental stages and
monthly changes of drifting larvae were investigated. P. altivelis is a
gonochorist and it's gonad has asymmetric shape. Ovary is gymnovarian
type and testis is lobule type. The GSI value of female in Jeju stream
increased from September and reached a maximum from October and
November. GSI values in males showed a maximum peak in Gangjeong from
October to November, Yeonoe from November to January and Ongpo stream
from September to October. Throughout histological observations of gonad
and annual reproductive cycle of P. altivelis was classified into the following
successive stages: in female, growing stage (from March to October), mature
stage (from September to December), spawning stage (from September to
January) and degenerating stage (from October to March); and in male,
growing stage (from March to October), mature stage (from July to
December), spawning stage (from September to January) and degenerating
stage (after November). Fecundity of mature females were positively
correlated with total length and body weight. Maximum fecundity of females
were 25731 in Gangjeong, 17,462 in Yeonoe and 24,666 in Ongpo stream,
when they reached a total length over 15.0 cm. Drifting larvae were collected
from October to January. It is suggested from the findings in this study that
P. altivelis in Jeju streams is a multiple spawner and its main spawning time

1s from October to November during the spawning season.
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Table 1. Stream structure of the surveyed Gangjeong, Yeonoe and Ongpo

streams
Water length Water width Water depth Bottom structure
Stream ,
(m) (m) (m) B:C:G:S:'M
Gangjeong 950+20 1.5~20.0 0.3~3.0 2:3:4:1:0
Yeonoe 816+20 9.0~60.0 0.3~3.0 1:1:2:2:4
Ongpo 805£20 1.0~10.0 02~1.0 1:1:3:3:2

* B, boulder; C, cobble; G, gravel; M, mud; S, sand.



Fig. 1. Sampling area(left side) of P. altivelis and underwater(right side)
photographs in the surveyed stream. A and B, Gangjeong stream; C

and D, Yeonoe stream; E and F, Ongpo stream.
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Fig. 2. Monthly changes of water temperature and day length in Gangjeong,

Yeonoe and Ongpo streams.
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Table 2. Monthly changes of DO and pH in Gangjeong, Yeonoe and Ongpo

streams
Stream Gangjeong Yeonoe Ongpo
Month DO pH DO pH DO pH
May 10.5 7.7 10.6 7.7 10.5 8.2
Jun. 10.9 7.8 11.0 7.5 12.3 7.9
Jul. 10.3 7.8 10.5 7.7 13.4 8.2
Aug. 11.0 7.6 10.5 7.6 9.4 7.7
Sep. 10.5 7.5 11.3 7.4 11.1 7.6
Oct. 11.2 7.8 9.3 7.6 10.4 8.0
Nov. 9.8 7.8 9.9 7.3 10.9 7.8
Dec. 9.2 8.0 9.1 7.8 8.1 8.1
Jan. 10.6 7.6 10.7 7.7 9.9 7.8
Feb. 9.8 7.5 9.9 7.5 10.7 7.7
Mar. 9.9 7.8 10.2 7.9 10.3 8.2

Apr. 8.8 8.0 9.7 8.2 10.6 8.5
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Fig. 3. External characteristics and gonadal shape of P. altivelis. A, male;, B,
female; C, testis; D, ovary; E, lobule type in testis. Scale bar = 170

um; F, gymnovarian type in ovary. Scale bar = 700 um.
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Fig. 4. Monthly changes of gonadosomatic index (GSI) in female and male of

P. altivelis. Vertical bars represent the standard error.
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Fig. 5.

Photomicrographs of ovarian developmental stages of P. altivelis. A,
Oocyte of chromatin—nucleolus and peri—nucleolus stage, Scale bar =
40 pm (picture of the right corner magnified a square in picture A,
Scale bar = 18 um); B, Obcyte of the oil-droplet stage, Scale bar =
100 pm; C, Oocyt(; of the primary yolk stage, Scale bar = 125 um; D,
Oocyte of the secondary yolk stage, Scale bar = 200 um; E, Oocyte of
the tertiary yolk stage, Scale bar = 250 um; F, Oocyte of the ripe
stage, Scale bar = 320 um; G, Empty follicle remained after ovulation,
Scale bar = 100 pm; H, Degenerating oocyte, Scale bar = 240 gm. Cn,
chromatin—nucleolus oocyte; Do, degenerating oocyte;, Ef, empty
follicle; Fl, follicle layer; N, nucleus; Nu, nucleolus;, Od, oil-droplet;

Pn, peri—nucleolus oocyte; Yg, yolk globules; Zr, zona radiata.
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Fig. 6. Photomicrographs of testicular developmental stages of P. altivelis. A,
Early growing stage; B, Growing stage; C, Early mature stage; D,
Mature stage; E, Ripe and spawning stage; F, Degenerative stage. Sc,
spermatocyte; Sd, spermatid; Sg, spermatogonia; Sz, spermatozoa.

Scale bar = 100 gm.
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Fig. 10. Monthly changes of reproductive cycle of Plecoglossus altivelis in

Gangjeong, Yeonoe and Ongpo stream.
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Fig. 11. Weekly changes of gonadosomatic index (GSI) in female of

altivelis. Vertical bars represent the standard error.
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Fig. 12. Weekly changes of ovarian developmental stages of P. altivelis. A,
Mature stage; B, Spawning stage; C, Growing and Mature stage; D,
Degenerating stage. Do, degenerating oocyte; Ef, empty follicle; Od,

oil-droplet oocyte; Yg, volk globule oocyte. Scale bar = 200 ym.
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zaiglon, AelHel 49 3@ A7 119 429 129 40w ABEAL

nom Hy dnAze 129 18Yd Agow wEH A (Fig. 14).
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Fig. 13. Weekly changes of oocytes with developmental stages of P. altivelis

in Yeonoe stream. Cn, chromatin—nucleolus oocyte; Do, dengenerating

migratory—nucleolus oocyte; Od,

Mn,

empty follicle;

Ef,

oocyte;

oil-droplet oocyte; Pn, peri—nucleoluse oocyte; Vtg, vitellogenin.
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Fig. 14. Weekly changes in frequency of oocytes with developmental stages

of P. altivelis in Ongpo stream. Cn, chromatin—nucleolus oocyte; Do,

Ef, empty follicle; Mn, migratory—nucleolus

dengenerating oocyte;

Vtg,

Pn, peri—nucleoluse oocyte;

oil-droplet oocyte;

Od,

oocyte;

vitellogenin.
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Fig. 15. Monthly changes of hepatosomatic index (HSI) in female and male

P. altivelis. Vertical bars represent the standard error.
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Fig. 16. Monthly changes of condition factor (CF) in female and male P.

altivelis. Vertical bars represent the standard error.
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5) WE I EX

37 kel 6 cm olate] MAlE AMFHEA fkow, A Hd A A7)
v AAA AYH (FxH FoF FH3AH(Fig. 17~19). ZAAANA &
5% GSIPF wrar A2 A7F 437 @AIQl 59l 7~15 cm 291 E°] FXE3 AL,
I % 8 cm® 207} oF 33%E AA|strh THe= 8~14 cm¥ 918 2ol E0]
AZEQ o 10, 12 cm 2952 ¢F 33% At 8¥e] 10~15 cm®E Y 7HA A

o] BEHYL 14, 15 cm 20152 8, 15% At &4 EF GSI7F 4
IS AAVE #EEE AR Aol AJAEE 9 109 F2 10~17
W] 2ojEo] BESF o, 16~17 cm? 29152 1~4 %At o A7)
ol =2 10~13 cm Mol Sojgo] #AZH YL =} Abeko] A= 11€
o= 8~13 cm W9 2050l #AHSH, 129= 10~12 cm®] JHAEe]
90% & A= st tH(Fig. 17).

AejHe] A, 583 99714 = 6~13 cm WY 2950 FdsP F
2 8~12 cm W99 2oj5e] #FHNN 53] THol= 12 ecm 207F °F 50%
£ Ao ol gaet o550 10¥el= 16 em(9F 2%) W7HA #z
AT GSIPF =31 A A o sy Ak S o] #EE= 11¥9d= 8~
18 cm B¢ ol &ojE0o] £33, 10~11 cmé 29528 oF 48%E A3
Atk 12€el= Aol 20 cm®] 20150 FAsAAL 12~13 ecm®] &9o]E°] 23~
26%E5 AHAstH o™ 20 cme 2ol ofF 3%%Th olE3 1¥€dd= 9~14 cm9
2o0]50] BAEFNIL 10 cme 2917 ¢F 70% A H(Fig. 18).

o] A, 6¥ollA 8¥7A] 10~17 cm B $ ol 2o]E0] £ ¥39 L, 6
1 em(¢F 36%), 7€+ 12, 13 em(ZF 30% H§), 8¥oll= 11~13 cm
7%)0l 50l F2 FdsATh olF At 99FH 11~19 cm W99
2o]E5o] #FHI 13~18 cm 20]E0°] °F 7~19% WA 4H < GSI7}

IS Hola FiE Aol dojui= 10, 1€+ A 21 em(13%)2] &9 &
o] Ed3alal 15~20 cme 2o Eo] F= F AT 49 GSIVF st
A& Edo]l dojub 12, 190l e 11~20 cm®] 2050 #EH AT 395 -E
6 cme 2o]50o] 2d3AL 8 cm9 29152 oF 40%E A3 tHFig. 19).
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Fig. 17. Monthly changes of frequency of total length
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Fig. 18. Monthly changes of frequency of total length (cm) of P. altivelis in

Yeonoe stream.
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Fig. 19. Monthly changes in frequency of total length (cm) of P. altivelis in

Ongpo stream.
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Table 3-1. Composition of fecundity by total length of P.

Gangjeong stream

altivelis in

Total length Number of eggs Number of
fish

(em) Range Mean examined
10.1~12.0 4,426~9,702 7,517 3
12.1~14.0 8,554 ~9,180 8,367 2
14.1~16.0 12,252~25,731 18,629 4

Table 3-2. Composition of fecundity by body weight of P.

Gangjeong stream

altivelis in

Body weight Number of eggs Number of
fish
(2) Range Mean examined
5.1~10.0 4,426 4,426 1
10.1~20.0 8,424~9,702 8,965 4
20.1~30.0 13,265 13,265 1
30.1~40.0 12,252~23,225 17,753 2
40.1~50.0 25,731 25,731 1
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Table 4-1. Composition of fecundity by total length of P. altivelis in Yeonoe

stream
Total length Number of eggs Number of
fish
(cm) Range Mean examined
8.1~10.0 1,921~3,304 2,528 4
10.1~12.0 3,264~9,332 6,729 7
12.1~14.0 3,679~13,673 7,818 3
14.1~16.0 17,462 17,462 1

Table 4-2. Composition of fecundity by body weight of P. altivelis in Yeonoe

stream
Body weight Number of eggs Number of
fish
(g) Range Mean examined
1.0~5.0 1,921~9,332 5,170 5
5.1~10.0 2,406~9,807 5,723 5
10.1~15.0 3,679~13,673 9,223 4
15.1~20.0 17,462 17,462 1
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Table 5-1. Composition of fecundity by total length of P. altivelis in Ongpo

stream
Total length Number of eggs Number of
fish
(cm) Range Mean examined
10.1~12.0 5,338~6,656 5,997 2
12.1~14.0 3,122~3,978 3,550 2
14.1~16.0 24,666 24,666 1
16.1~18.0 9,250~24,449 14,478 3

Table 5-2. Composition of fecundity by body weight of P. altivelis in Ongpo

stream
Body weight Number of eggs Number of
fish
(g) Range Mean examined
5.1~10.0 3,122~5,338 4,230 2
10.1~20.0 3,978~9,734 6,789 3
20.1~30.0 9,250 9,250 1
30.1~40.0 24,449 24,449 1
40.1~50.0 24,666 24,666 1
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eolo] H@Fe Fz fol WED SFPTRL 4L Ago} mAw T4
em olUle] R FolATHFig. 20A). d43 ahabo] Az &

0
ol Al o] FAedo]l #HEHAL(Fig. 20B and C), 3k 3t
2 7Fstele FakAtolzk A A # A H(Fig. 20D and E).
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Fig. 20. Spawning ground(A), adhesive eggs(B and C) and hatched larvae(D)
of P. altivelis. Scale bar = 2000 gm.
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2} HIFE B R &HEF

EYIE UES ol§dte] 2ojo RaAlE AW A, FADNAE F
863/MA7F AHE R, FEHNAH= F 887/1A 7 A=A H(Tables 6 and 7).
A9 AL AN AR SEH Lol Faxe] FABES FAH AP, 2
A ZIZ FAEE 20049 11€lA 20051 2€7bA], 2005 9€ oA 2005 10
D7FA ZAFSFS AL, SN = 20049 10€HE 2004 12€7hA] Z2=AFSFA T

FAAY SEH 3L ZhzE 20059 10¥, 2004 10€H-EH &H35}7]
R aciae =

FAAA Lo Faatolo 9 FdAHL 2004 1120 689747 A A
Aol 79.8%5 AAEAL, 2004 12€el = ATANA(B4%)Z FA] FAaTG L
™, 2005 1€ell= 9MA (1%)%ke] A=Ak 18 20059 10€ el = 11871 ]
b AR Eel AAY 137%E AASFAL AUE FHAFHS AY TAC F
2977 A (34.4%), Aol & 56670 A (65.5%)7F A% = A cH(Table 6).

SEZ Lol Foxole] 9 HdFE AAAY FARS AFoR 20049 10
Aol 53570 A(60.3%)7F A-J=H AL 20043 119l = 33870 A (38.1%) 7 Q= 2
b Ela 2004 12€00+= 4AI(1.6%)= F438] FAaSATh AU =4
FFE A Tl F 54670 A7 AR H AAY 61.6%F AA S A 84
ol = F 341704 (38.4%)7F A1 5] = A tH(Table 7).

O
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Table 6. Monthly changes of larvae number of P. altivelis in Gangjeong

stream

Month Nov. 29, Dec. 27, Jan. 17, Feb. 25, Sep. 27, Oct. 25,

. Total
Time 04 04 05 05 05 05
PM
186 11 6 0 0 94 297
7:00~7:10
PM
503 36 3 0 0 24 566
8:00~8:10
Total 689 47 9 0 0 118 863

Table 7. Monthly changes of larvae number of P. altivelis in Ongpo stream

Month
) Oct. 12, 04 Nov. 11, 04 Dec. 11, 04 Total
Time
PM 7:00~7:10 258 284 4 546
PM 8:00~8:10 277 54 10 341
Total 535 338 14 887
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FTEFH 108 o7, FAAE 2ojE= 8~10¥7HA] Abeks skoh(d, 1977, FH 9
L, 1998 A5, 2005 ©] 5, 1996). € Honshu#|® Yahagi’d©] Aoi-ohashi
A 93} Toyota—ohashi Aol &o]e] 4kt A7 ekt fFASHAl 242 9
AUEY 1Y S7HA, 99958 1092 7HA % 7 A 99 F Adre 257

Z ol Yl tH(Takahashi and Niimi, 1998, 1999). Ryukyux ¢l 4% Alg7]
3 g20] 20T olshrt ofy™ AbeS 31X g ETtH(Kishino and Shinomiya,
2003). o] Aol Al 37K dpxle] 2o Abgbr]= o] 20T olstz spAtata, Al
7Moo g2 Aol FolAl= 9~12€ (A FxH), 10~1€ (A4, ak3
H 2ol F A= 10~119ol Atk AFAI7] Ftel 7)o wE GSIS
WRAZS] = Wsts @R Ay Fx e Ag, FEle A glo] 119H
B 1297k -3t std A7)l Abgro] ol Wb Aol A= stE Al 7]l

1149 43 124 4dolwt AdEdS Yehls I AJEZAES] adHd
=3
=

1977, # b =, 1998). o] Aol A kA7) Fetel Af/A A F7F A2 ol
= Ak Foll jAIEe]l AP Y] wEelet AbRE L SEHNA el HEY o
BEAEE 72 JRAIZE 69 7bA] HEE Al AR Abgkel] RrbskAl g HAE

AN 7= 10~2974A R 2 15-20C 2791 119 7hd &
o] Zsl stglom, Ak Ao R st HIAolES F 20T A =
& ApgEo] WAE Y tH(Takahashi and Niimi, 1998, 1999; Takahashi et al.,
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