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Comparison of biological characteristics of Pacific cod (Gadus macrocephalus)

between the East and the Yellow Sea, Korea

Kyung Hwan Lee

Department of Marin Life Sciences Science, Jeju National University

Abstract

I compared the biological characteristics of Pacific cod (Gadus macrocephalus) between the
East and the Yellow Sea in Korea. A total of 261, 322 cod samples were collected in the East
Sea from January to December 2003, January to February 2007, and 682 samples in the
Yellow Sea from January to December 2007. Significant regional differences between the
East and the Yellow Sea cod were detected in 1) relationship of total length and body weight
2) von Bertalanffy growth equation and 3) median maturity length. The probability of
spawning by adult cod was estimated by logistic regression equation and median maturity
length (Lgo). The East Sea cod showed a higher growth rate than the Yellow Sea cod and
female cod showed a higher growth rate than male cod. The Yellow Sea cod (male: 2.3 year,
female: 2.6 year) were estimated to mature earlier than the East Sea cod (male: 3.9 year,
female: 4 year) for the both sexes. I hypothesized that these differences in growth and
maturation of cod are attributed to the regional differences in the marine environment
between the East and the Yellow Sea. Further comparative studies on marine ecosystems of

the two seas will validate this hypothesis.

Key words: Pacific cod, Length-body weight relationship, Growth equation,

Median maturity length
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Fig 2. Length distribution of Gadus macrocephalus in the East and the Yellow Sea.
(a) Female cod in the East Sea; (b) Male cod in the East Sea; (¢) Female cod
in the Yellow Sea; (d) Male cod in the Yellow Sea.

17




m 2 3
3-1. 4 &
3-1-1. AF-AF &A
salel sele] A AL-AT A= o 2ol YET (Fig 3.).

3% W= 0.0031-TL3>3' (+?2 =0.97, n=126)

okl W= 0.0014-TL>® (r?2 =0.97, n=135)

3}all=7: W= 0.018- TL?%7 (r? = 0.904, n=325)

ek W= 0.012-TL*%7 (r?2 = 0.967, n=357)

el AF-AT BAA 7Ie7= o5 BF AFol7h Wk (ANCOVA,

P<0.05). FA4E AF-AT #AAE St AGEH Y AT WHstE g2lsh

L

A%, et Fa) £ A% WG ok 50 cm 7AHe] =4 A 1-249] 7]
AFe Ba ok F6 o v e 278 JE A 24 49 34
BE 5a o7 Azl B divel ATu FAQAW A ko] we
Bash gal 0T AF Aol® Frkehe Ao etk gel 49 o 60
em Aol et 1-34 A AF FrhE a7t Bal R A
gukon, 4 A 44T Fa7k B 0T AFE FAGAH A S}

of W salek el el AF Aol o AAE Ao vehdth (Fig 3,

18



i
i)
s
re
L
Ho
fru
o
K
re
oY,
e
fr
o,
=Y
ftlo
e
Y
o3
Dy
b
f
k1
rf
ro
%
12
e

ol

Holg o vl Fgste] EEF AGW 5 o A3 U

¥} 2t} (Fig 5.).

347 (n=78): L, = 108.78 - (1 — expl=0-00056:(t+6.72))y
F3 A (n=87): L, = 108+ (1 — expl~0-00059(t+6.45)))
8347 (n=235): L, = 74.27 - (1 — expl-0.0008(t+6.95))
g3l A (n=238): L, = 10823 (1 — expl0.00049-(t+7.81)y

Wald A3} Kimura's likelihood ratio Ao wel 5 alde i+ A

AAe vaugk 23 Folg xpolE YERAT (Table 1-4, P<0.05). d&E 3

o+ AAES 0] 83 Kimura's likelihood ratio A& A SE3A A7) d8=

4 oF WE ohe 1§Y M OE AER BFES ol §3te] A

19



[ez]
o2

| HAEE A ARl Aol | Am F 3

) AR} s

3

5

w3 KT}

e AT (Fig 5.).

20



Male

o
(=2
8 —— EastSea .
-==- Yellow Sea
g 1@
— «©
2
=
2 o
(] (=2
= 3
>
g
(]
m 5
(=
o
o~
O -
T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90
TL(cm)
Female
o
o
O —
U_" —— East Sea -
---- Yellow Sea
o
8 -
a1 (b)
D o
= S -
D O
2
> S
T o 7
o ©
o
(=]
(=3
o
(o]
Q -

T T T T T T T T T T

0O 10 20 30 40 50 60 70 80 90 100

TL(cm)

Fig 3. Length-weight relationship of Gadus macrocephalus in the East and the Yellow
Sea. (a) Male; (b) Female.

21



Male

80

—— East Sea O
-~~~ Yellow Sea -

60

Lt(cm)
40
|

Age(year)

Female

100
|

—— East Sea
-~~~ Yellow Sea

80

Lt(cm)
60

40

Age(year)

Fig 4. von Bertalanffy growth curve of Gadus macrocephalus derived from ageaveraged
length in the East and the Yellow Sea. (a) Male; (b) Female.
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Table 1. Kimura’s likelihood ratio test of the growth equation between the East and the Yellow Sea cod (Male).

XZ

Hypothesis Linear Loy Lo, Ky K, toa to,2 Residual sum  Residual sum P
constraints of squares(E) of squares(Y)
Ho None 127.56 94.13 0.17 0.23 -0.019 -0.019 - - - -
H, Lo1=Les> 100.04 100.04 0.23 0.2 -0.019 -0.019 21.51 112.88 18.32 <0.001
H K, =K, 106.78 98.03 0.21 0.21 -0.019 -0.019 17.99 111.72 19.76 <0.001
Hs Loo1=Loo 92.02 92.02 0.25 0.25 -0.019 -0.019 45.91 122.38 12.99 0.0015
K, =K, (<0.05)
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Table 2. Kimura’s likelihood ratio test of the growth equation between the East and the Yellow Sea cod (Female).

XZ

Hypothesis Linear Loy Lo, Ky K, toa to,2 Residual sum  Residual sum P
constraints of squares(E) of squares(Y)
H, None 106.25 103.91 0.22 0.21 -0.018 -0.019 - - - -
H, Lui=Lw, 10405  104.05 0.23 0.21 0018 -0.019 186 93.13 472 <0001
H K, =K, 110.12 103.49 0.21 0.21 -0.018 -0.019 1.98 93.15 46.46 <0.001
Hs Loo1=Loo 99.62 99.62 0.23 0.23 -0.018 -0.019 14.25 102.68 25.25 <0.001
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Table 3. Wald test of the growth equation between the East and the Yellow Sea cod (Male).

2

East Sea Yellow Sea X
Lo 108.78 74.23
P<0.0001
K 0.21 0.29

Table 4. Wald test of the growth equation between the East and the Yellow Sea cod (Female).

2

East Sea Yellow Sea X
Lo 108 108.22
P<0.0001
K 0.22 0.18

26



M
1%
lo
fru
ki
e
rob
®
g
=
4
¥
1o,
ox
>
fot
i
2
||\
1>
rlo
o
o
jﬁ

2t (Fig 6.).

—27.87+0.47x

e
== =
3T P(X) 1+e-2787+047x

e—1782+031x

FE LA P(X) = 14e-17.82+031x

e—13&55+409x

1+e¢—133.55+4.09x

a2 P(x) =

—13.5+0.31x

gg
12
S

' P(x) = -

1+e¢—13.5+0.31x

sl oo wE A A5 A sl 58.82 cm, ¢A 58.27 cm, 3|
71 32.66 cm, &7 44.02 cm® YERETE (Fig 6.). sl AiiAQl i+ A<sA7% 1]
ATt

WAL Qb BE FE7F R & HA AS5AETS VeI

27



3-2-2. H2ASAZ(Lsy) £ ==

gyl
T

==
file)

o

Ashton (1972)¢]

18

3lo
= U

2 +217) =

oF
=

3)

5

H

bl pol7k 24 ergie.

3 FAE13D)Y &) G (£1.4) ¥]Ls

il

B
ruzel

i+

el

i)

N
bl
i
N

B
file)
B

T

3-2-3.t AR (Lsy)

olFAto 2 A g on (Table 6),

Aol &

oo e Lo

3|

aet

ot 7HE t HA= ]

vetlilen sk FejEt o 2

=
=

#o]

A oA e skl (Table 7).

28



Ho

A

{r

7} A3} (Table 8-10) 3l

3

b

7haraie.

3

3

7 90.32% At} whEkA]

o}
fm

3 7 95.83%, A% 96.66%, T3

2 et

o

A

T
3

s}7} Falus} o

] 3] dFe Age 0= 4

KeN
=

29



maturity
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Fig 6. The derived logistic curves and the estimated median maturity length for Gadus
macrocephalus by sex in the East Sea and the Yellow Sea.
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Table 5. Variation of median maturity length (Ls,) of male and female cod in the East and the

Yellow Sea.
East Sea Yellow Sea
Male Female Male Female
Lso 58.82 cm 58.27 cm 32.66 cm 44.02 cm
Var(Ls,) 1.73 4.69 - 1.97
Population 172 150 52 62

Table 6. Result of equal variation test (F test) of median maturity length between the East and
the Yellow Sea female cod.

East and Yellow Sea

Foo5 04
P 0.0001
df 61/ 149
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Table 7. Result of t test of median maturity length between the East and the Yellow Sea female

cod.
Standard error 0.25
(SE)
Degree of freedom 171
(df)
t value 56.77
P value < 0.0001

Table 8. Sensitivity analysis of the derived logistic equations for predicting maturity in the East

Sea male cod.

Predicted
Mature Immature
Observed Mature 23 1
(95.83%) 4.17%)
Immature 2 146
(1.35%) (98.65%)
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Table 9. Sensitivity analysis of the derived logistic equations for predicting maturity in the East
Sea female cod.

Predicted
Mature Immature
Observed Mature 30 1
(96.66%) (3.23%)
Immature 3 116
(2.52%) (97.48%)

Table 10. Sensitivity analysis of the derived logistic equations for predicting maturity in the
Yellow Sea female cod.

Predicted
Mature Immature
Observed Mature 28 3
(90.32%) (9.68%)
Immature 7 24
(22.58%) (77.42%)
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Comparison of the Yellow Sea cods (TL-BW)

1| —— Chang etal. (1971)
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Fig 7. Comparison of length-weight relationship of the Yellow Sea cod (Gadus macrocephalus)
between Chang et al. (1971) and the present study (male and female).
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Pacific cod in Korea

S
- —— Choi and Gwak (2011)
---- Kimetal. (2010) 1
" Eastsea 0.-'6
S | -—— Yelow sea .0"-.
o |
— [{e]
£
=
J o
Q -
o |
(o}
D -
T T T T T I ' l l
o 1 2 3 4 5 6 7 8
Age(year)
o
g |
= —— Choiand Gwak (2011)
-=-= Kim etal. (2010) =d
------ Eastsea o
S 4| -— Yellow sea -
o
—_ (<=}
£
L
J o
Q -
o |
N
o 4

Age(year)

Fig 8. Comparison of length at age of Gadus macrocephalus in the Korea Strait (Choi and
Gwak, 2011), the East Sea (the present study) and the Yellow Sea (Kim ez al. (2010)
and the present study, (a) Male; (b) Female.
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Fig 9. Comparison of von Bertalanffy growth curves of Gadus macrocephalus in the East Sea,
the Yellow Sea, the Gulf of Alaska and Bering Sea. (a) Male; (b) Femlae.

44



V. 83

Baeck, G.W., Huh, S.H., Park, J.M., Pack, S.C., 2007. Feeding Habits of Pacific Cod(Gadus macrocephalus) in

the Coastal Waters off Gadeok-do, Korea. Korean J, Ichthyol 19(4), 318-323.

Cha, HK., Lee, S.I., Yoon, S.C., Kim, Y.S., Chung, Y.Y., Chang, D.S., Yang, J.H., 2007. Maturation and
spawning of the Pacific Cod, Gaus macrocephalus TILESIUS in East Sea of Korea. J. Kor. Soc. Fish. Tech

45(4), 320-328.

Cha, HK., Jung, S.G., 2012. Simulation-based Yield-per-recruit Analysis of Pacific cod Gadus macrocephalus

in Southeastern Korean Coastal Waters. Korean journal of fisheries and aquatic sciences 45(5), 493-498.

Chen, Y., Paloheimo, J.E., 1994. Estimating fish length and age at 50% maturity using a logistic type model.

Aquatic Sciences 56(3),

Choi, B.E., Gwak, W.S., 2011. Age Determination and Growth Pattern of Pacific Cod Gadus

macrocephalus(Tilesius, 1810) in Jinhae Bay Korea. Korean J, Ichthyol 23(4), 269-277.

Chung, T.Y., Kim, Y.U., 1971. Length-weight relationship of Gadus macrocephalus Tilesius of the Yellow Sea. J.

Kor. Fish. Soc. 4(3,4).

Chyung, M.G., 1977. The Fishes of Korea. Ilji Publ., Seoul, 727.

Cohen, D., Inada, T. Iwamoto, T., Scialabba, N., 1990. Gadiform Fishes of the World(Order Gadiformes). An
Annotated and Illustrated Catalogue of Cods, Hakes, Grenadiers and Other Gadiform Fishes Known To Date.

FAO, Rome.

45



Gwak, W.S., 2010. Fecundity of Pacific Cod Gadus macrocephalus in Jinhae Bay During Spawning Period.

Korean J, Ichthyol 22(2), 121-125.

Gwak, W.S., Nakayama K., 2011. Genetic variation and population structure of the Pacific Cod Gadus

macrocephalus in Korean waters revealed by mtDNA and msDNA markers. Fish Sci 77, 945-952.

Haddon, M., 2001. Modelling and quantitative methods in fisheries. Chapman&Hall/CRC, 223-233.

Haltuch, M.A., Punt, A.E., Dorn, M.W., 2009. Evaluating the estimation of fishery management

reference points in a variable environment. Fisheries Research 100, 42-56.

Hwang, K.S., Choi, L., Jung, S., 2012. Estimating the abundance and fishing mortality of Pacific Cod
Gadus macrocephalus during the spawning season in Jinhae Bay, Korea, using a mark-recapture

method. Korean Journal of Fisheries and Aquatic Sciences 45, 499-506.

Jung, HK., Lee, C.I.,, Han, M.H., Lee, J.H., P, D.H., Kim, D.S., 2012. Long-term variation in commercial

fisheries and water temperature in Korea water. The Korean Society of Marine Environment & Safety 361-363.

Jung, S.G., Choi, 1.S., Jin, H.S., Lee, D.W., Cha, HK., Kim, Y.H., Lee, J.Y., 2009. Size-dependent mortality
formulation for isochronal fish species based on their fecundity: An example of Pacific cod (Gadus

macrocephalus) in the eastern coastal areas of Korea. Fisheries Research 97, 77-85.

Kim, H.Y., Kim, S.H., Im, Y.J., Hwang, H.J., Huh, S.J., 2013. Growth characteristic of Pacific Cod, Gadus

macrocephalus in the West Sea of Korea. J. Kor. Soc. Fish. Tech 49(3), 261-269.
46



Kim, J. Y., Moon, C. H., Yoon, M.. G., Kang, C. K., Kim, K. R., Na, T. H., Choy, E. J., Lee, C. 1., 2012. Stock

Identification of Todarodes in Northwest Pacific., J. Kor. Soc. Oce 17(4), 292-302.

Kim, M.J., An, H.S., Choi, K.H., 2010. Genetic characteristics of Pacific Cod populations in Korea based on

microsatellite markers. Fish Sci 76, 595-603.

Lee, C.S., Hur, Y.H., Lee, J.Y., Kim, W.K., Hong, S.H., Hwang, S.J., Choi, S.H., 2005. Maturity and Spawning

of Pacific Cod(Gadus macrocephalus) in the East Sea. J. Kor. Fish. Soc. 38(4), 245-250.

Lee, J.H., Kim, J.N., Park, J.S., Park, T., Nam, K.M., 2015. Feeding Habits of the Pacific Cod Gadus

macrocephalus in Southeast Sea of Korea. Korean J, Ichthyol 27(2), 142-148.

O’Brien, L., 1999. Factors Influencing the Rate of Sexual Maturity and the Effect on Spawning Stock for

Georges Bank and Gulf of Maine Atlantic Cod Gadus morhua Stocks. J. Northw. Atl. Fish. 25, 179-203.

Park, C.Y., Gwak, W.S., 2009. Comparison of Stomach Contents of Pacific Cod(Gadus macrocephalus) in

Korean Coastal Waters. Korean J, Ichthyol 21(1), 28-37.

Seo, Y.I., Kim, J.I., Oh, T.Y., Lee, S.K., Park, J.H., Kim, H.Y., Cho, E.S., 2010. The Pulation Structure of the
Pacific Cod(Gadus macrocephalus Tilesius) Based on Mitochondrial DNA Sequences. Journal of Life Science

20(3), 336-344.

Seo, Y.S., Park, M.E., Kim, J.G., Lee, S.U., 2007. Egg development and juvenile growth of the Pacific cod

Gadus macrocephalus (Korean East Sea population). Journal of Korean Fisheries Society 40, 380-386.

47



Seong, TJ, 2007. HC 7| X EAH O] ofsfet HE. WKNISHAL 298-302.

Stark, J.W., 2007. Geographic and seasonal variations in maturation and growth of female Pacific cod (Gadus

macrocephalus) in the Gulf of Alaska and Bering Sea. Fish. Bull. 105, 396-407.

Ueda, Y., Kanno, Y., Matsuishi, T., 2004. Weight-based virtual population analysis of Pacific cod Gadus

macrocephalus off the Pacific coast of southern Hokkaido, Japan. Fish Sci 70, 829-838.

Yang, M., 2004. Diet changes of Pacific cod (Gadus macrocephalus) in Pavlof Bay associated with climate

changes in the Gulf of Alaska between 1980 and 1995. Fish. Bull. 102, 400-405.

Yamamura, O., Watanabe, K., Shimazaki, K., 1993. Feeding habits of Pacific cod, Gadus macrocephalus, off

Eastern Hokkaido, North Japan. NIPR Symp. Polar Biol., 6, 44-54.

Yoon, S.C., Yang, J.H., Park, J.H., Choi, Y.M., Park, J.H., Lee, D.W., 2012. Feeding Habits of the Pacific Cod
Gadus macrocephalus in the Coastal Waters off Jumunjin, Gangwondo of Korea. Korean journal of fisheries

and aquatic sciences 45(4), 379-386.

Zhang, C.I., 2006. A study on the ecosystem-based management system for fisheries resources in Korea. J. Kor.

Soc. Fish. Tech 42(4), 240-258.

Zhang, C.1., 2012. Marine Fisheries Resource Ecology. Pukyong National University Press, 211.

EH 17.2005. AAFY. EEREEBE, R&E, 219.
48



e 2

A
o
X~

k)
™o

k!

A A=Y 22

PN
T4

E

o

o

el

el

A A=A,

aig

B
!

o

&+

W A A=,

ArA=A e A o

1A 7 AAP=HU T

Zahs]]

A1_%_H]])

~d

ANA FHAR=FH U T

=
=

A=Y,

o] ol A

IL
E

RS

AA7raL A

A 7 s, A

H =
=

=
-J—D\_.

KeR
-

49



	Ⅰ. 머리말 
	1-1. 대구의 생물학적 특성과 자원변동 .
	1-2. 수산자원 생태연구의 중요성
	1-3. 과거 연구 .
	1-4. 과거 연구의 한계 
	1-5. 연구 목적 .

	Ⅱ. 자료 및 방법 
	2-1. 자 료 .
	2-1-1. 동 해 
	2-1-2. 황 해 

	2-2. 성 장 .
	2-2-1. 체장-체중 관계 .
	2-2-2. 체장-체중 관계 해역별 차이 비교 
	2-2-3. 본 버틀란피 성장식 .
	2-2-4. 성장식 비교 
	2-2-4-1. Kimuras likelihood ratio 검정 
	2-2-4-2. Wald 검정 


	2-3. 개체군성숙 .
	2-3-1. 로지스틱 성장식과 최소성숙체장() .
	2-3-2. 최소성숙체장() 비교 
	2-3-2-1. 최소성숙체장() 분산추정 
	2-3-2-2. 성별 동해와 황해 최소성숙체장() 등분산 검정 
	2-3-2-3. t 검정을 이용한 최소성숙체장() 차이검정 .

	2-3-3. 민감도 검사 


	Ⅲ. 결 과 .
	3-1. 성 장 .
	3-1-1. 체장-체중 관계 .
	3-1-2. 본 버틀란피 성장식 .

	3-2. 성 숙 .
	3-2-1. 로지스틱 회귀분석과 최소성숙체장() .
	3-2-2. 최소성숙체장() 분산 도출 
	3-2-3. t 검정() 
	3-2-4. 민감도 분석 


	Ⅳ. 고 찰 .
	4-1. 결과 요약 .
	4-1-1. 성 장 
	4-1-2. 성 숙 

	4-2. 과거 연구와 비교 
	4-3. 동해남해황해 대구의 성장이 차이가 나는 이유 
	4-3-1. 식 성 
	4-3-1-1. 대구 먹이특성 
	4-3-1-2. 성장에 따른 먹이변화 .
	4-3-1-3. 계절에 따른 먹이변화 .

	4-3-2. 해양 환경의 차이 

	4-4. 이번 연구의 문제점과 한계점 
	4-5. 앞으로 연구해야할 주제 
	4-6. 결 론 .

	Ⅴ. 참고문헌 


<startpage>11
Ⅰ. 머리말  1
 1-1. 대구의 생물학적 특성과 자원변동 . 1
 1-2. 수산자원 생태연구의 중요성 2
 1-3. 과거 연구 . 3
 1-4. 과거 연구의 한계  3
 1-5. 연구 목적 . 4
Ⅱ. 자료 및 방법  5
 2-1. 자 료 . 5
  2-1-1. 동 해  5
  2-1-2. 황 해  6
 2-2. 성 장 . 6
  2-2-1. 체장-체중 관계 . 6
  2-2-2. 체장-체중 관계 해역별 차이 비교  7
  2-2-3. 본 버틀란피 성장식 . 7
  2-2-4. 성장식 비교  10
   2-2-4-1. Kimuras likelihood ratio 검정  10
   2-2-4-2. Wald 검정  11
 2-3. 개체군성숙 . 12
  2-3-1. 로지스틱 성장식과 최소성숙체장() . 12
  2-3-2. 최소성숙체장() 비교  13
   2-3-2-1. 최소성숙체장() 분산추정  13
   2-3-2-2. 성별 동해와 황해 최소성숙체장() 등분산 검정  14
   2-3-2-3. t 검정을 이용한 최소성숙체장() 차이검정 . 15
  2-3-3. 민감도 검사  16
Ⅲ. 결 과 . 18
 3-1. 성 장 . 18
  3-1-1. 체장-체중 관계 . 18
  3-1-2. 본 버틀란피 성장식 . 19
 3-2. 성 숙 . 27
  3-2-1. 로지스틱 회귀분석과 최소성숙체장() . 27
  3-2-2. 최소성숙체장() 분산 도출  28
  3-2-3. t 검정()  28
  3-2-4. 민감도 분석  29
Ⅳ. 고 찰 . 34
 4-1. 결과 요약 . 34
  4-1-1. 성 장  34
  4-1-2. 성 숙  34
 4-2. 과거 연구와 비교  35
 4-3. 동해남해황해 대구의 성장이 차이가 나는 이유  37
  4-3-1. 식 성  37
   4-3-1-1. 대구 먹이특성  37
   4-3-1-2. 성장에 따른 먹이변화 . 38
   4-3-1-3. 계절에 따른 먹이변화 . 39
  4-3-2. 해양 환경의 차이  39
 4-4. 이번 연구의 문제점과 한계점  40
 4-5. 앞으로 연구해야할 주제  40
 4-6. 결 론 . 41
Ⅴ. 참고문헌  45
</body>

