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To investigate the ecological characteristics that affect the growth of the Hypomesus nipponensis
population in Lake Soyang, 615 H. nipponensis specimens were collected from the lake and
examined 10 times between January and April 2019 and between January and March 2020. In
2019, the total length of Lake Soyang’s H. nipponensis was 73.3 £ 4.7 mm, and the weight was 1.9
+ 0.5 g. In 2020, the total length was 64.4 £ 12.3 mm, and the weight was 1.4 = 1.3 g. The
individuals collected in 2020 were smaller than those collected in 2019. During the survey period,
the growth b values were highest in January and lowest in February, at 3.4 and 2.9, respectively.
The obesity K value was negative in three out of four surveys conducted in February. The sex ratio
of Lake Soyang’s H. nipponensis was 1 : 1.93, with males being more numerous, and the average
number of females was 5457.9 +2152.9. As previous studies have shown, Bosmina longirostris, a
tectonic species, accounted for 73% of H. nipponensis’ diet. The geographical distribution of H.
nipponensis differed depending on its growth stage. The total length and weight of H. nipponensis
collected in Bupyeong-ri, upstream of Lake Soyang, were 74.9 + 10.9 mm and 2.4 + 2.8 g,
respectively. In contrast, specimens collected from Susanna-ri, located downstream, were much
smaller, measuring only 48.1 = 7.7 mm in length and 0.54 + 0.3 g in weight. This study revealed
that the distribution of H. nipponensis living in Lake Soyang, which has a long resin-type
topography, varies depending on the growth stage. H. nipponensis is a cold-water fish species
highly sensitive to water temperature changes. Its stocks are distributed throughout the country,
including in Gangwon-do, and serve as effective environmental bioindicators. As such, these
findings contribute to the understanding of H. nipponensis populations and water environments in
distribution areas, particularly with regard to the impacts of climate change.

Keywords: Dwarfization, Food sources, Geographical distribution, Growth stage, Length-weight
relationship
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Hof= 3k, T, Faoll BAESHH 1 ffofli= Aot g-Ret ul= A o]l Fazetth. ®olE Hypomesus)oll=
A AARCR 550] Qlor o5 F K| At FZof gt AAE o] Q= F-2 Hypomesus olidus®l| SESH
THMcAllister, 1963). SF=4F Hloj= BIE B ool 2o 2 AA T Hypomesus olidus2t AFolE HITt 23

= A= F Ae] glo] tiF-E 56 - 5971 = SRIE O ™(Kim, 1997), Z[o] FEjet ' A Fofl Balixl=
Han et al.(1996)°]l o]l E1=]S]c.

=4t ®O\(Hypomesus nipponensis)= PP 015 Osmeriformes) BFFH 017 Osmeridae) 12 Hypomesus)
of] &5h= ofFolthByeon, 2010). F4°k=10-15 cm o™, FA=2{n|e} A2 =2]u] Afo]ofl= 7] 52| =
u]7} Qa1 opZfu|EA FHollA uHE7RR] F-2 AM|2FE]71 QIth(National Institute of Biological Resources,
2012).

HIOY(H. nipponensis) 2] 5 Ho|Ye 5223 T =0 &= A]ZHxR(Branchioda)2t 22 Copepoda) S E3F

S+ A5 (Aquatic insect) “5©|THChang et al., 2005).
o|(H. nipponensz'S)b 6-12°C lﬂﬂfﬂ A7k Y45 A2l o] F o R 420 Sef7t= sH7 |7t
1230 % o Fsto] A =2 7R e 58710 5 R B5O % of5oto] Blo|&E& ok
A 4 ofolrt,
O|(H. nipponensis) =22 FolIStoll A A5k= 27d ojFoltt. Folet 7| poe =l Fdo Ao A s 2
7] @/do] 'IAsk= Al7]oll sieellAl 37 stha Ho] 7Rl Afeks: 916l 71402 Ui= S’J-ITO]'J_A olE7
, B1A] 82 ffjt A= o] 8Rltt. T18uH 1925 R E RIS o = P E T 887, Eeke
2] Z18) a1 ZA=ro] =9 Wik 2] of ®Wol & o] A iR ] ARSI AL o] F =] Ajhr Ui = X] ol
AALERZE Ho]l ITK(Choi et al., 1990). 15 242 0] A4 Rk o= Sa8tE o] 42 Agehs
Ao

Ao 1973'd0] A Al O 2 fo] 1A.2-2,675,3 km*o] 9 |t A5=32 299 ton, B A5 1.5
] ton, X[t 4 118 m, E—w T AT 4°C opdor Ago= AHER] o= 542 AYAL Itk (Ministry of
Environment, 1983). 2% Woj= 4Q J F e 9 5 oufjof] EUE Ao R FA L

25 ®O|(H. nipponensis)= 1980 A tH7E] T} St €1 6] 1309 ton©] Y202 £Ed A2 2| oA 9] F
Q3 A5l F o= A9 Yo GAIA 201610l L& F-5HANE S5l 30 ton 71F 12} 7H5(ZA]
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3 FRD RS Gl 2R B ok =Hielld 71 ol RISl e A50] jlE W71 =, ’olE A
Ao HolsAlet Heol pES Fdll Y oldle] A5 o=H Favt Aol & 4= Sl 2 o] A %
o] & 52 5l A A @/detel 7]1oskal Sl Aol ot FR3t Ao = QA ET] AlRfsil ot
ol&lgFe] Z|52Q1 et e aot Aol 9215 AL ItH(Choi et al., 2000).

SHEAFBIOY(H. nipponensis)©ll gt k= =+9]2] © 7 Bimelz] d=rol bt vhal Wl A AlShd E 21l Sof
of 2| &2 0 2 o] Fo]x] Abelj(Katayama et al., 1998; Singh et al., 2015)0]H, =rLjof| A= 2]2] 2]

Slo] A4 B394 AT S5 Al SEY Q= Ho(H. nipponensis) FNAlE2] AdAF Zfolof gt
Byeon(2010)°f] &J5f] o] Fo31 HEZ} k. o] & A|efehd Hlof 7hA|7-e] Z|2fetA] Rl w3t B/ tigt A=
&gk
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H oA LAt A el
Zi(st.1), ﬂ‘éﬂ(St.z),

]}\1 = 13ﬂ /\O]:
F@2(St.3)712] F 370 A5 S TAF

w0} JHAlT-S ZAFSI T Table 1). ZARAH-S Q1A
S Ch(Fig. 1).

A=

N

ALY

H =ofl A AAIRE 2008 195E] 2009 1297k4], 18]37 2019 195 E] 2020\ 12€712]9] 4 2fg=
=2 B A AE”)(Water Environment Information System)oll4] 37iol= Z=E Q-85 thhttps:/water.nier.
go.kr/).

Table 1. Date of investigation

Number Date Number Date

1 2019-01-18 2 2019-01-31
3 2019-02-13 4 2019-03-20
5 2019-03-31 6 2019-04-04
7 2019-04-15 8 2019-04-23
9 2020-01-16 10 2020-01-23
11 2020-02-05 12 2020-02-29
13 2020-03-11

St.1

Sangsunae-1]

Sinwol-ri

St

IT59°27°N, 128°02 37°E

52

2 |39°00°457N, 126°04'35°E

5t3

38°00° 337N, 12896 37°E

Bupyeong-ri

Fig. 1. Map showing studied station of Hypomesus njpponensisin Lake Soyang.
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o] A 918 WoPFAIH(S x 5 mm)y o185 0 n, Hga] A Aut ARpa] 1] Ato] 3740l|A] ZH2E244]
2+ AdAste] sk o]F 2019\ 1-3E7 2020 1 -39l 37 7AE2 5 AT FAE At
2019 4 €| 3R S A FAE AlSSHA] AL AdH], Zk=r, U85 240l A8t 55120204 3
A 1190l e, Age], Fgejoll A A H 20170l A2 ] ®lojo] 2|2 29l T4 el mjetstr] 9
Stof AlSsHlT. @ollM At Alas Add R Rkt 3 A FAE AlSsteirt

A2 4 AJ<e e (gonadosomatic index (Gsi) : gronad weight/body weightx100)E 517 Y3l A5 1=] 3L A2 A
FAIE 0.01 g7HA] S74sto] AEst om o -2 A7l - A A= RISk ek XA St 15%
ot B 1070AIE ko g 82oto g A5ttt A= Pauly(1984)E H|THr+= Anderson and Neumann
(1996) Tt

AT W =aTL® W: 7 TL: A% a, b: A, b= 9|77 2t
HITHE: W = cTL +d ¢, d : =7, C = Condition factor®] 77|

2 AolA= Hole] Holghg S nietely] ol 52 2 TS ARSI A2 WIE(YS 63 pm)E ©1-&
St P02 6 mE RISt ol FdH[sto] Eﬁ‘i‘(é‘% 3-4%) 02 17sto] deld= oHt & okl
1]7(Nicon ECLIPSE Ci-L) stollA] 5785t TRt o]0 9Ul-8-E 4% &l Hlol¢-a &klstr| £1sll 20194
1918%,201992¥ 13,2019 3920 18]172019W 49 13Y 543120l 24 9] U5 BA-S e85l
A WEEL ZNAE 2 petri dishol] BX & SRR Z(NIKON C-LEDS; x10, %20, x40, x80)3}F14] Yun(1995)°]]
e e el

B o3 7Lo] A= 20194 1-3Y7} 20204 1 -3Yo]| 73 Hlo] £ 61571412 oo 2 A=513TkFig. 2). 2019
GEE 2020 97H] A4S Hlo] ZHAl2 A0 37 mm - 142 mmZ, 85 mm © A Fi= 7iAl= uf9- At 40 mm
—45 mm, 65 mm — 80 mmof| i d5k= ZRAlGTH FHGI oM Hak A2 65.4( 12.1) mmO| AT} FA19] 7%
0.2 g-22.4 g H91= 0.9 g— 1.8 goll siEsh= 7 Bl-&o] =8ko™ Bt FA1= 1.6(+ 1.2) goI 3tk 2019 AHH
 ®ol=20200] A H ool Ho] Hotd o= 272 9 mm, FAI= 0.5 go] T Zth(Fig. 3).

B Aol A 20199720201 A4S Ho]9] A= A= Byeon(2010)©] 2008E 1200910 AlS3t Ak} 2}

o2 R4t Byeon(2010)Q] A= A}, 495 Hlojo] B AL 79.5 mmo| Q=] o= E A4 A=t
65.4(x 12.1) mm®]| B3} 14 mm oA} = 2|t

&GS ®ol7t A Hlof] efA-vh= %‘ﬂ% ]?375.94% Hojo] Hol o] tigt A Fi= QFAQ1 2ol 7t §lom™
A 0 2= 295 0] $a]ReH2) BAIT 4FT AFR-5-019] 12 2] AR oA dhgs= El40] gifo] o]

57| w2 metEr) Ao =2 A7 %2 191(923.2 mm)e]l I3} 2020E(1,550.9 mm) = ©F60% F = &
SYTHMeteorological Administration; https://www.weather.go.kr/). L A2}, 2019E3} &2 2020 £S5 ®of 7|
Ao] fasl= 50T FAH B2 50| Ei QI Jafo] Blo|eh o] o3tz o]ofzl Axts ekeh

gl
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Fig. 2. Length frequency distributions of Hypomesus nijpponensisin Lake Soyang from February to March 2019 and
February to March 2020.
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Fig. 3. Comparison of average length (+SD) and weight (+SD) of Hypomesus nipponensis collected in 2019 and 2020.

445 o] o] ejAsh= Ho gt WAt T o] Qli= 7.0 2 A A Itk Byeon, 2010; Chang et al., 2005; Oh
etal., 2019). YHHA 0 =2 Q15 G of K-8 HH Hofi= 5ol Aol AAlsh= Aot HWojoll Hls|] 77 3 FA|7F 2tk
(Katayama et al., 2007). Katayama et al.(2007)< L-E2of| X WOY(H. nipponensis) 2] A 212H8(S5-3 1 A5Hd)l
w2t 712 27] el = W s R e H 3}’3 o= Aol 1, 85 ol 22 718

il

S R S, Bron210) S0 44 24D 20T 02 ol B B
A% h 451 Mol ol e APIS] S} 1, 0} AR S F woldlog 12
11 ¥} gIe, ]9 e 1A %—E- Ao RIS, Lol oL sl A4 ol B 19

W FARE TR A7 e }‘I‘E‘r 2007 ZARRE A% Ho] 72 ZF27F @6 o4 109.27 + 13.76 mm
9.65+3.54 g, LA 110.08 £ 5.56 mm, 8.86 + 1.77 g, W Z A4 90.98 + 12.74 mm, 4.39 £ 2.57 g, SA| S| A]
108.03 + 7.04 mm, 8.16 + 1.80 g, FHT 4] 101.86 + 3.82 mm, 5.04 + 1.26 g 12|17 SFHIELo|A 99.13 + 22.24
mm, 6.95 +2.89 g FAQIE Hof 2 A AlS A1 A4 65.4(+ 12.1) mmet FA 1.6(+ 1.2) g HTF =2 3LE B
StHFig. 4; Choi, unpublished materials).

Byeon(2010)-2 A5 Hlo]9] Ho|Y2 Bosmina 52| AZFR H]&0] =2 §IH, A% o ofi= 27|71 1.2
mmOl| E5h= Eodiaptomus 3= Q7F77} 20]90] 85.4% 5 AHA| g Bl 249 B} Qleh. 22202, 440
of| AA5l= Ho] ZHAITE] xSk A Dol A AlShe o] ZiAfltol] Blsl Blo] o] A Fi= Q1 o] £2] ot
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2 A AT W 2|24 02 thE 2o fIx]eh=AdeuiE], Alhe] T2 g efolla] i H 202784
£ o2 S ASTE. 11 21} g5k 1ol fAIZe] AAaAIIH 270 ell whet A=A o 2 Farz
o5 gefol= A 02 motE it (Fig. 5).

Aol Bga]of| A - A7) A 60 mm —90 mm =, 70 mm — 79 mmo| S 5= A7 EE S O
™ Bt AL 74.9(= 10.9) mm, Bt FAR=2.4(= 2.8) g © 2 1134 7o it F57<1 4 %_FJ of| A A= A
2] 27239 mm - 82 mm©| %L1, 65 mm — 82 mmol| G Sh= WA+ 0k e Hat 2 67.5(+ 10.3)
mm, B FAE 1.6(x 0.5) g 0 & AR} 134 ZiAlEo] 2Alisl Qdek. 121 shRel A HFJOW A A
A0l 27238 mm - 69mm=, 42 mm — 50 mm®]| SiF5k= 7HAl7 S5 o™ B -2 48.1(+ 7.7) mm,
Wit FAR= 0.54(= 0.3) g 0.2 tio] FdA 7SI I (Fig. 6).

[JAverage length(mm) === Average weight(g)

140 14

» | \;[ i |
- +\+/ i

40

20 q &

Lake Lake Lake Lake Lake Lake Lake
Hyang Gwangpo Mae Songji  Yeongrang Hwajinpo  Soyang

Fig. 4. Comparison of average length (£SD) and weight (£SD) of smelt (Hypomesus nipponensis) appearing in the East
Coast lagoons (Lake Hyang, Lake Gwangpo, Lake Mae, Lake Songji, Lake Yeongrang, Lake Hwajinpo) in 2007 and in
Lake Soyang (Inje-gun) in 2019 and 2020 (Choi, unpublished materials).
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Fig. 5. Length frequency distributions of Hypomesus nipponensisin Sangsunae-ri and Sinwol-ri and Bupyeong-ri.
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Fig. 6. Comparison of average length (+SD) and weight (+SD) of Hypomesus njpponensisin Sangsunae-ri, Sinwol-ri,
Bupyeong-ri.



BT 9]/ 24T ol /A e E4 - 53

z2717] Ho] Aol A e B4 oA Falg o2 B8 g 7 glgith 71Ee] 22
Holo] A]2) 19l o} Hire] glel % oh}E, AJAehAr 4o mlsle] mhe B E4o] T2iE 4= 910 vi(Power and

Attrill, 2007) ZAFA717FAFRE Al719] sigstz Aeto] whE AYEj4] 222 2fo| 2 Helth

A7 Hoj o] FS/delE melstr] Qlofl YLt HINte S AT 199] Bt A8 b2 342 7P <&
951l 282 Wt I bEke] 2.92 7MWK Table 2). 1€oll= W Kghol &(-) 1 o] IAAIRE 28]
=4 0] ZA} A7) & 3H0] S(-) KZo] 2.2 H 3Yofli= 31 2] AL A7) & 1 HITHo] -3(-) KZEel Lt o]t o] 2Y
of BT} 290 K3k Sl o= o] Al717H4tet7e] el sl ] wiE o2 Alm .

ZAF 2ol iR H| L 24 A, 4RSSl Y135k R 2ol A TIAIES] A= bak(3.002 7P R
QAT BT K(0.95)8%2 7 2 3{thFig. 7). 7 A1 Alge]ofl A e 7S bak(3.2), K#E(0.69) &

Table 2. Comparison of length-weight relationship and condition factor analysis (mean + SD) of Hypomesus
nipponensisin Lake Soyang

2019 18-Jan. 31-Jan. 13-Feb. 20-Mar. 31-Mar.
Length-weight (b) 35 33 2.7 2.6 33
Conditional factor (k)  0.0064TL+0.5242 0.0037TL+0.7171 -0.0029TL+1.235 -0.0061TL+1.4744 0.0104TL+0.1548
2020 16-Jan. 23-Jan. 5-Feb. 29-Feb. 11-Mar.
Length-weight (b) 3.4 35 29 3.1 33

Conditional factor (K) 0.0068TL+0.6435 0.009TL+0.4434  -0.0005TL+1.02  0.0028TL+0.7019 0.0029TL+0.8341

Sangsunae-ri Sangsunae-ri

W = 1E-DETL33933

R¥=0.9372 K= 0.0047TL + 0.6418 .

Weight(g)

1
0
6 10 1 3 40 50 60 70 1 o o 2 30 0 6 a
Length{mm) Length{mm)
Sinwaol-ri Sinwol-ri
| wezeosmame K= 0.004TL +0.6917
: R? = 0.8601 2, . . g
= L, a° [}
Woas T . .
= £ . L
£ . . = s . *e %
@, S0 .,
- 3,
1 c
=3
5 2
)
Length{mm) Length{mm)
Bupyeong-ri Bupyeong-ri
1.40
W = 4E-06TL3 6% Lo L K=0.0004TL+0.9565 .
R* = 0.8761 . = . i !i‘
g 100
= B ¥
= & o080 . .
B e * e
] 5o
3 1 =
[ B4
. 5
o
o
Length(mm) Length{mm}

Fig. 7. Length-weight relationship and condition factor analysis for Hypomesus nijpponensisin Sangsunae-ri, Sinwol-ri,
and Bupyeong-ri on March 11, 2020.
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ke Ao s A1 dHiEl ol A A AMAE ] - A8 bak(3.3)2 7w AR HIREE K 3L
(0.64)2 71 W2 gh= Bk

2l Lhgg 2

20204 2 26 A9 0 FEASHIE S TARE A3t F 65| YePdTthNauplius, Conochiloides
coenobasis, Diurella porcellus, Keratella cochlearis, Polyarthra vulgaris, Voticella sp.). 5-37] A% 2] T304
O FEEFAE THTEE AF T EETIEC] PAIT 08, 2577 +4S St(Table 3).

At 0 = Hoj= Aol mt X of7] o= AP EETTES K AR Al s = Ed AEC R

HoehS K Degraaf, 1986). Chang et al.(2005)2 Y= Suwa S0l A|Alck= Ho]9] 9 Y853 B4 A},
A2V Bosmina fatalis) 2} Q2 Eodiaptornus jaonicus)”} YOY(H. nipponensis) o€ 2] ¢F80%E H-Aa EXA
3 37]0f tigh AEiAd 71 4= 98-S AAFRH U7 QUth. Oh et al.(2019)2 U Suwa T ol A48 Hofo] tiak
A} o] 5 R EEZATEQN Dphnia galeata”t EEEZFE 2 U] A-8-80] Z7}5He oS Blelsleln). Hlo]
(H. nipponensis) 7WA|7-0] 3% o] o= A5 EEFIEY HH&0] 571k mofstal, Hof 7iAlite] =17
7HEEEHAE e FEA] Hste] A3 AR Y RS A

Age o] AASh= 1ol ZiAIREe] Aol 58S AESH ] 9162019 1956 4871x] @ ol A H Hof
617140l thish $1 W-8-E2 245kt A 717t HJ°14 9 U= AL A 2 Aol AE F 5ER7HUERE
™, o]0 Hol 2 FEETIESY AR} -G5F 11l YBEEQ A o2 UEth o]l S 55 EE3

_

oE
lO ol

;

Table 3. Abundance of zooplankton community on February 26, 2020, and stomach contents of Hypomesus
nipponensisfrom January to April 2019 in Lake Soyang

Category No. of individual in lake Stomach content Ra(%)
Branchioda
Bosmina longirostris 331 73.0
Chydorus gibbus 1 0.2
Copepoda
Nauplius 0.6
Rotifera
Ascomorpha ovalis 1 0.2
Chydorus gibbus 1 0.2
Conochiloides coenobasis 0.6
Keratella cochlearis 0.3 117 25.8
Polyarthra vulgaris 7.8
Protozoa
Ceratium hirundinella 3 0.6
Voticella sp. 5.8
Number of species 5 6

- - 100.0
Standing crop (ind./L) 15 454
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(]
[eF

1 Bosmina longirostis(713%)7} Ho|Qo] S 2|51 H ! tf2-2 AR F5=SHTER] Keratella cochlearis
(25.8%)°1F. 240 Wol=dtl4 0 & F7]|7F 2 A28+t 350 pm ) S o] o= Ao sk= 23S A%l
t}. Byeon(2010)2] 9] W& 24 Ax} JA| Hlo]o] =Q Ho|A-2 Bosmina longirostris(79.9%) =, 0= & $1L9]
Ao} Ax|SHATH Chang et al., 2005; Oh et al., 2019).

HIE 2 Aol 240 SEEF3= W 2479 32 A
A Aat, T A12HRS

_4

T, TRlol| Etekal Hojo] § 8=
osmina longirostisi=t012] Ho| g o2 7Pt Ao E|=H .

219] 177] B Aol Tk 42| 45 ol i} HAIQH] S b0 2 AFREIC T o] ol Al

SREemE e Aol W50 vla) 218 4614 Alofe] SlEslo] AR of el TAYS slal o] st

ro
o~

31 o} 79] ;ZAQto]| ZHA4sH= offte]| 150 7 olF5le] Hol2 52 SHh Appenzeller and Leggett, 1995; Bandara
et al., 2021).
Hlojl= ZHRE 9 Hol|gog st= Y4 ofF oz delA thChang et al., 2005; Oh et al., 2019;

Yoshioka and Wada, 1994). =715 2|0 HA] At T} F 491 A9k = HF 100 m 4 2H1 Q11 =24
o2 5o e -2 Zjo|7F 2 i 2 iolrh webA AYgEoM= S88HE Wag ofF) Hole] A, ofFol

0] E2 ESE 5] 20| W2 500 721 ol Fo] Bttt W, FEER A2 dFIE F
kU

pu =
20| =& frddioll 72 AEsHH o] Al7|olle 52 EH 2= Daphnia galeata? 35 FolA wH1/dsto] 4

2+

Fgolo] 2 B A AR QIR et A2 B R SR Qlet ol elofEt = o YlAlth A4S
O] L A 1007 | Atolof] 2 Hiehs 2] d9kTH(Table 4). 25121 ®ofo] 2717t faehe A0 R A<
9.0 oA Ql S/t oo 2 el figo] 2 2o R wnkert

R el e A 2R o] gl o] Je ARH 0= WAL 9l kR o] ela-EetA Q] 5t
2o Hiet 1goie] Sold mhzel Wefe] sfaet sl /At 271= B FetsiiAls A o= bt A siotH &
oA A== s T2 Z7d5- A7 10l s, s o] 23} |l W o] dAshe 502 Wt
o 55 WFE S0l shRsd oz R, o] Al7lel o] A2 =2 44 15 m 5-0] ol AjetA o
R FESL o] WOz ket Agols BSOR of s Aoz 2R deiA glot. S A7l 2
O 2 FYElE Hepet ol AAlshe 5ol Al AAeP] wizel B 132 AlZtel] o)Eshz Wof o] Hold
&&= Aok 8]10 2 248517l SEsItt. B Aol wet o) 7o) At Bl A3 -2 (Chapman, 1988),

Table 4. Comparative analysis of water quality items in Lake Soyang (mean + SD) from January 2019 to December 2020
and from January 2008 to December 2009

Items WT COD SS T-N T-P Conductivity chlorophyll a
Station O (mg/L) (mg/L) (mg/L) (mg/L) (uS/cm) (mg/m’)
LAke Soyang 11.8+£52 21+14 21+15 21+£02  0.01+£0.006 803+9.7 1.8+£1.8

(2019.01 -2020.12) (3.0-23.1) (1.5-42) (02-186) (1.7-27) (0.002-0.06) (43-111)  (0.1-10.4)

Lake Soyang 119462 2205 4866 17404  0.02+£001 764+123 23425
(2008.1-2009.12)  (2-30)  (12-3.7) (05-446) (1.2-3.0) (0.003-0.006) (59-128) (0.1-17.6)
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WA 74 AR U AAE TAE dov|= 2 eclo g A QIthArdjosoediro and Ramnarine, 2002;

Hoess and Geist, 2021; Sigler at al., 1984). A A%F0=E4=0] WAjo] Alzket A Zefish] giofort 19961

of| SHA 77292 AR 72t AJgstr| AlRteRA Bl 2|&7 |7 F et SISk Aol UERZ] Al

Z¥sH01 o] 5 F7} FolE Kol Ith(Kim and Jung, 2007).
H]

2 40FT B4 910 13 o] Wolo] A Asfte] dfastAA N 29102 2FgaAlo] thgt A7
2Q] A o] 7ol 1|7] gIgtort, S HERO] QIBHE Bark A S50 R Pelshs eo] AR 17k £
She Sel4-malalel ST EA7Ee A HE0] 1428 1| 55 S5} A0 QAshe 4302 o5l A
SHAIQ] S SH WA o1o] AEfalAIe] S4o] Fa gk ojaste] golo 2 TRkl 2ok $508 $el5t

‘gu| Y Egke

2019 1'9RE 49712 255 W01 2] oF- 4= AJHIE HlWotlth 24 2} H4t 1: 1.93. 02 5719 Hlgo| 4
202 =0eh SHATF 3 3190 -9 1:0.92% HZ 2] HlEo] ¥ A LB Tth(Table 5). 39 31 A H A
0] F A4 AL 15% oW E= 1071A1S tige2 EeE BR15H T Table 6). Y12 Wt W42 76.7

é".:

oL,

H_

Table 5. Sex ratio of Hypomesus njpponensisfrom January to April 2019 in Lake Soyang

Female male Sex ratio
18-Jan. 7 13 1:1.86
31-Jan. 9 11 1:1.22
13-Feb. 4 16 1:4
20-Mar. 5 15 1:3
31-Mar. 12 11 1:0.92
04-Apr. 7 13 1:1.86
13-Apr. 7 23 1:3.29
23-Apr. 8 12 1:1.5
51 102 1:1.93

Table 6. Number of eggs in gonads of Hypomesus nipponensisin Lake Soyang on March 31, 2019

No. Total length (mm) Egg number
1 64 1,983
2 75 4,897
3 83 3,852
4 86 6,898
5 90 7,608
6 75 2,359
7 78 5,894
8 71 5,978
9 79 8,327
10 77 6,783

Average 76.7+8.1 5457.9 +2152.95




BT 9]/ 24T ol /AR e B4 - 57

100,000 —f—ake Soyang

90,000 —4— Lake Paro

—@—Lake Chuncheon
80,000
70,000
60,000
50,000
40,000

30,000 A A

20,000 &

Amount of discharge(unit. 1000)

10,000 | @——gf

0 v o
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

Fig. 8. Comparative analysis of the changes in Hypomesus nipponensis fertilized eggs released in Lake Soyang, Lake
Paro, and Lake Chuncheon over the last 20 years (data source: Gangwon-do Naesu-myeon Resource Center).
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2000 o] 5] WREFe] 7ol 20191 30= I%F 80007 o]l Hoki= 47d7to] BR=| %Itk (data source:
Gangwon-do Naesu-myeon Resource Center). = 2} RS S017111 Q= 349, ot2 5 ¢} tin]H). o]
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