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Estimation on Population Ecological Characteristics of Crucian Carp, Carassius auratus

in the Mid-Upper System of the Seomjin River'
Sung-Hyun Jang 2 Hui-Seong Ryuz, Jung-Ho Lee”
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ABSTRACT

The population ecological characteristics of the Crucian carp, Carassius auratus, were determined in order
to estimate stock of the mid-upper system of the Seomjin River. The fish ranged in size from 95 to 288mm total
length. The age was determined by counting the scale annulus. The scales displayed clear annulus that were used
to estimate the age. The oldest fish observed in this study was 5 years old. Age-2 fishes were the most numerous
in the sample(n=38), followed in frequency be age-3(n=22). Marginal index analysis validated the formation
of a single annulus per year. The relationship between body length and body weight was BW =
0.003 8BL3‘73(R2=0.96) (p<0.01). The relationship between the scale radius and body length was BL =
2.362R+2.76(R’=0.89). The von Bertalanffy growth parameters estimated from a non-linear regression method
were L»=33.2 cm, We=1,798.4 g, KZO.ZOyear'1 and ty=-0.51year. Therefore, Growth in length of the fish was
expressed by the von Bertalanffy's growth equation as L= 33.23(1-¢ " "“**Y(R*=0.98). The annual survival
rate was estimated to be 0.427year”'. The instantaneous coefficient of natural mortality of estimated from the
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Zhang and Megrey method was 0.784year ', and instantaneous coefficient of fishing mortality was calculated

0.067year’1. From the estimates of survival rate, the instantaneous coefficient of total mortality was estimated

to be O.851year’l.

KEY WORDS: SCALE ANNULUS, MARGINAL INDEX, VON BERTALANFFY GROWTH EQUATION,

ANNUAL SURVIVAL RATE
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Figure 1. Map showing the sampling sites in the mid-
upper system of the Seomjin River.
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Figure 2. Photograph showing scale radius(R) and ring
radius(ry). Annual ring in the scale of the
Crucian carp, Carassius auratus sampled in
the mid-upper system of the Seomjin River.

Sfol=FeAE olgule] FTRES AT, ALH
H] 52 QA3 2| 7 (SteREO Discovery V8, ZEISS Co.)1}
Hire 9 G424 AA"(MAGE ANALYZER)S ©f-&
m TR AEE 2401910 v](Figure 2), o|u] 24l
ARE(2,800~3,000 Lux)& AHE-SHITE ARG o
MEe el e B4 Anpt dAe 5 93
wEnhe AHgsielct

7B Ao A= A3 Ao R A5 o,

Pomue el Ae e,

Lo oo ro o
Fﬂ I-'E—a'
=

>
o
off
o,
N

71 A, I nHA Eito] FAENES el A%

a: AN A #A A AF4(BL=at+bR)

r: Z2Z0A nHA FEZAY A

R: H]E9 F4l5 24 7P 7EA] 9] A g

L: o729 A%

WSl Uehhs 29 94 A7) 9 S48 24
flall A=A 4(Marginal Index, MD)&] A]7]"H #3H=
Q)= o|g3to] AArEETKSeo et al., 2007).

R—r,
T‘n_Tnfl
74, R: B9 SAlF ZHlA 7HAte]71R| 9] A
m: 2ol A n¥lA SR 72

ol

]_

7]
Al
2]

i

MI=

Bertalanffy 442 g ol
2% 7AW, te 4 G)3t 2.
Li=Lo (1 - +¢i 3)

o714, Le d=ol td wjo] A%

Lt o222 20414

K: A4

t A7

Aol 02 ue] o]2H

e ¢ o] 00]3 Hato] o 2l gleleAja

von Bertalanffy AJ%4]19] w7 (Le, K, t)) =4S
walford 2F=rof ofsf =4 217 w7 gt &
71gro 2 AREste] H] A% 3] W (nonlinear regression
method)ol] 93] AT AMSES =4sah YEE
(survival rate) & AKE= = A7 7 Ac|Ae] A4 AL
£ Hlasto] AEsiglon], Ag2gARE o5t oY
=AM Jacson WY, Heincke W, Bt ¢gol-8+,
Chapman and Robson H % Beverton and Holt ¥ 5
671 W2 2SIt 2 S o) 2HE A
&2 A4t (exp Ni)el #5% AP o] Z 7 A|4>(obs Ni)
9}o] o x5 HHF o x}3H(Sum of squared error: SSQ)S.2
W] elgth olEA9le] gl dhat wskke Aol
WA} oA AR e 5 glo, AAAPYES o]
sjof ojgt AS AlolF WA, A 5 ok BE 25|
o5t AFS EFFSHCHChoi ef al., 2004). WA 711
APA|4>(Instantaneous coefficient of natural mortality, M)
= S aat gejshd EAXE agsto] 1Al W
o2 2ABHYL, o|QIh o 2L TAHA Ytk 1 AT
NA= oEAAY SAAAAGAFM)S F4517] $18]
o] Zhang and Megrey(2006) HH o2 2Aslgon, wnd]
Ao @2 gk

M =gk /[ -]

o714, B A AT BAASE Tl FEEH s

k: von Bertalanffy AJ#F2]9] AJA}A 4=

to: Aol 04 wjo] A

tmb: ZJZ:]’/F‘Q—%%(CI x tmax"%‘ %EH ﬂ'%)

Cii AG(AA ol 0.440, £97 o7 0.302)

tmax: SE O] 7] 21 A

7o) @ A A 4= (Instantaneous  coefficient of fishing
mortality, F)+= <7 APSA 4 (Instantaneous coefficient
of total mortality, Z)ol|A] &AL ASME AgHe
2H FA8AL, AT AND) = A FHE BE




AR SA4F FAA ol ALY e 544 =4 321

& @ o]&sto] HEkseith wteba] vl Uepd Q143 7 2ol digAdel e A
o= ghE|Qct,

Za} o i Ek B A4 o FA7IE 37| $Iste] A4

AFMDE AI7EE EAsl: 1 27 81t 990

1. 9™ xN 0.38%} 0.442 HH =olA|thr}, 1080] 0262 74, o=

3 4€oll= 0302 thA] F7bele S E%@(Flgure 4).

AGAY O AFEE B0l 9370A| dY EEE AR o] AOZ Kol $Eo 00| sl7)slHA] m}%o] =3}y

A3}, H1 AL T 5HeRE YERG o, WP 2.8 L AL(11¥9~29) o A 13] ¥4 Ao g 2H3T}

A2 golggith dgiz ul 2F40] 409%E 71 = 2 9lglon, dgog 7k=dF & %‘”‘3} wabA v 5o

= Ml AASAL theo s B 3AAe] 37%, WE 1 gehd gio] fgAlu 37]48 7HIER Hj5o] ol

Aol 18.3%, Wk 4 0A8 9.7%, Tk 5 4.3% 59 Loz
Ut on, sl FAEA 2 19 mrke] njid<5oi7t
32%2 A}A|5HATable 1). i H o dAzo] Z7}ak
2 W7t Tasts ddkgol oS H otk ESH &

A 7re] A= QA3 LAT AR FEEo] 9lo] Byt

é‘ AL 22 o] s 7 AFolE Hlsol A
o2t 74 A ZA Hehde AR YeRgth(Figure 3).

AYFA= Aokt

sslo] 3 -0 A5

% THlE

Ao wEglon, oo F Aty
7} 490l A 797129l A-S(Han et al.,, 2001) 7+otstH B
=t dge A7l= 4~871d A
E 285e o 2T 5 Rl oFfY He ofF
off wet Fej7t th=H, o] F
@X‘E ol-g5=dl & Ao i A

S 7IA 3 Qlom, It AF} )59 $Ho] gleAdTt 27

Ly H]H] U}o] o:]ad
=2 5ol Tl=

Table 1. Mean ring radius on the scale of the Crucian carp, Carassius auratus sampled in the mid-upper system

of the Seomjin River

Ring group No. % r+SD(cm)  rESD(cm)  r£SD(cm)  rgxSD(em)  rs=SD(cm)  R+SD(cm)
0 4 4.3 1.85+0.12
1 17 18.3 2.30+0.25 2.97+0.31
2 38 40.9 2.38+0.22 4.55+0.33 5.27+0.54
3 22 23.6 2.41+0.16 4.54+0.22 5.75+0.22 6.20+0.32
4 9 9.7 2.5240.21 4.49+0.17 5.55+0.19 7.03+0.54 7.62+0.87
5 3 3.2 2.55+0.21 4.36+0.18 5.77+0.21 7.14+0.16 8.33+0.62 8.66+0.69
R: Scale radius, rn: ring radius, SD: Standard deviation
10 10 10 10 10
1-Ring group 2-Ring group 3-Ring group 4-Ring group 5-Ring group
g t 8t 8 g s /
£ 6 L 6 6 6 A 6 I
k: }F D 4 ar*
D 4 a | £ 4} = 4 5 a | -
&
2 r ,‘ 2 r .3 2+ '* 2 W > | /
O 1 1 1 O 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1
0 2 4 6 10 0 2 4 6 8 10 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Scale radius (R, cm)

Figure 3. Relationship between scale radius and ring radius of the Crucian carp, Carassius
the mid-upper system of the Seomjin River.

auratus sampled in
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Figure 4. Change in the marginal growth ratio of the
scale of the Crucian carp, Carassius auratus
sampled in the mid-upper system of the
Seomjin River.
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Figure 5. (a) Relationship between scale radius and body length of the Crucian carp, Carassius auratus sampled
in the mid-upper system of the Seomjin River. (b) Relationship between body length and body weight
of the Crucian carp, Carassius auratus sampled in the mid-upper system of the Seomjin River.
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Table 2. Back-calculated body length(cm) and body weight(g) corresponding to the age when each annulus was
formed in the scale of the Crucian carp, Carassius auratus sampled in the mid-upper system of the Seomjin

River.
Ring Length when the annulus was formed
group L1 L2 L3 L4 L5
1 8.2
B"(dg’ lfnrl‘)gth 2 8.4 135
3 8.5 13.5 16.3
4 8.7 13.4 15.9 19.4
5 8.8 13.4 16.4 19.6 22.3
Mean +SD 8.5+0.2 13.4+0.1 16.2+0.3 19.5+0.2 22.3+0.0
Ring Weight when the annulus was formed
group Wi w2 W3 W4 W5
) 1 9.7
BO‘E\YN,W;ght 2 106 62.6
3 10.9 62.2 127.5
4 12.2 60.2 1142 240.1
5 12.6 59.0 128.8 252.3 404.4
Mean +SD 11.2+1.2 61.0£1.7 123.4+8.1 236.1+8.7 404.4+0.0
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T2 A oF 3.7 Algsel HlEete 2SR eyt
UurA 0 2 JA|Ee] FHAAA A b= 3.03} 7HTh
Z, uj7jH<E b7} 3.08cE 2o Zo|o] Z7kE 4|7}
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Figure 6. The von Bertalanffy growth curve estimated by non-linear regression method of the Crucian carp,
Carassius auratus sampled in the mid-upper system of Seomjin River. (a) Length growth curve. (Lt is
the mean length of fish of age t) (b) Weight growth curve. (Wt is the mean weight of fish of age t)
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Hol= Ao & Yeyth 71 5 Heincke ®Hol 93k =74
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o5t A= 7F7F 0.345 year T 0.348 year 2 JAFSL
LFERGTHTable 4).

FeaRhSsQ) ez AAx|er 44 1He] A e
BA% Ay, ofgEgswol] 01562 7Hg Agkon,
Heincke o] 714 2 ©210.465)5 X tH(Table 4).

Table 3. Age composition of the Crucian carp,
Carassius auratus sampled in the mid-upper
system of the Seomjin River.

Age (i) Pi Convert age InPi
0 4 1.386
1 17 2.833
2 38 0 3.638
3 22 1 3.091
4 9 2 2.198
5 3 3 1.099

P;: Catched individuals
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Table 4. Estimated of survival rates and their sum
squared errors of the Crucian carp, Carassius
auratus sampled in the mid-upper system of
the Seomjin River using mean age
composition by six different methods.

Survival Sum of squared
Methods rates (S) errors (SSQ)

Catch-curve 0.427 0.156
Jackson 0.493 0.213
Heincke 0.591 0.465
Average age 0.345 0.298
Chapman and 0.348 0.299
Robson

Beverton and Holt 0.452 0.164
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