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Abstract : We derived a length-weight relationship for Calanus sinicus off Busan, Korea in spring to estimate
the biomass of the C. sinicus population around Korean waters, and compared it with the previously derived
equations. The developmental stages and prosome length of C. sinicus used in the relationship ranged from
1,376—1,540 pum for copepodite 4 (CIV), 1,753—1,971 pum for copepodite 5 (CV), and 2,160-2,283 pm for
adults (CVI). Dry weight and carbon content were measured from a total of 26 replicates. Length-weight
relationships derived in the present study are as follows: log C=3.342 log PL - 9.449, log DW =3.394 log PL
-9.219, where C is carbon content (ug), DW is dry weight (ug), and PL is prosome length (ium). When comparing
the present regression equation of length-weight for C. sinicus with the previous one, our regression equation
showed an average carbon estimate to a given range of mean prosome length. The length-weight relationship
of C. sinicus in the present study can be used to better estimate the biomass of the C. sinicus population in the
coastal waters of Korea.
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(carbon weight) 53} 72 tlofst HbH o & =H o] 715
3lth(Postel et al. 2000). F3EZFT =4 EH 7JAIEY
A oAt & A9, AA A RR2EE Yl e
NAITE A 725 Adbsiof ghek ey iAo 2717} 2far
(o, TBFEEFLE), AR gl o, 55342
= 9ol 7141 E(detritus) oLt AlEEF =] HiEFS
2 AY A 7189 A 53 PHES AN A
7h Qlek weba] At did AE2] Aol(length)-FAl(weight)
TAA HETF QLOH, o] TWA LS o] gste] At it
20 o] AHERE AAFS A =AY = o]
Heslry A o s ol FEEdELE /AT A
AFe 45171 flsll dA7HA o] A4S HH, 5
% e el vist ol oet ol BAN Ay
£ &85} H(Jiménez-Pérez and Lavaniegos 2004; Hop-
croft et al. 2010; Kang and Kim 2021), 214 A} 9]
e A= dol- A BAA S =E5ke] ARSI = g
THKobari et al. 2003; Kang and Kang 2005).

vt AlollA Calanus sinicus= ¥1% &A=
Fa3t a7kFoln, 8 Fdo| o] E¥gtiKang and
Hong 1998; Kang and Kim 2008; %} 5 2012; 4] 5 2018).
E3E C. sinicus+ 3l AEfAY] F83F 4 842 A
o|=2] e S/l thgh okt A7t 3= Qe (Park
1997; Liu et al. 2003; Wang et al. 2003; Huo et al. 2008,
Kang et al. 2011; 43} 7} 2020).

Q7V= Calanus sinicus®) Z20]-FA A AL dA| 37
7} B3 E It Uye 1982, 1988; Nakata et al. 2001). 12
U e-guet Aol Edsk= C. sinicuse] ZAol-FA
PA AL oFA7HA] glem, sl C. sinicus 7| A7-2] AYE
QoA A F2 Uye (1988) 42 Ag5to] 57
3lal Qlti(Kang et al. 2011; Kang and Kim 2021). YWH4]
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o]& Ho|7|x 7] u&Fof(Uye 1982; Conover and Hun-
tley 1991; Mauchline 1998; Nakata et al. 2001), 2| =}
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Table 1. Summary of mean prosome length (PL) with standard deviation (SD), dry weight (DW), and carbon content
of the developmental stages, copepodite 4 (CVI) to 5 (CV) and adult male (CVIM) and female (CVIF) of Calanus
sinicus off Busan, Korea with water temperature (WT) and chlorophyll-a (Chl-a) concentration during the
experiments in March to April of 2020 and 2021

Chl-a PL (um) No. of DW Carbon
Year Date WT _ Stages . - . q-
(ng LY . Mean  SD sample  (ng ind") (ug C ind.")
CIV 1455 75 22 39.1 12.3
08 Apr 14 4.87
Ccv 1851 93 19 495 34.1
2020
CIV 1480 53 24 275 10.3
21 Apr 14 2.41
cv 1753 84 24 31.7 20.7
cv 1812 117 70 433 18.3
17 Mar 13 1.85
CVIF 2223 195 64 101.7 42.4
29 Mar 13 4.40 8% 1684 72 58 61.2 26.2
CIV 1540 89 86 28.0 11.5
Ccv 1874 86 61 92.6 37.7
Ccv 1895 93 61 95.6 34.4
Ccv 1971 102 65 53.7 23.4
7 Apr 14 0.67
cv 1887 89 65 52.8 23.0
CVIF 2272 124 73 153.0 55.8
CVIF 2283 112 70 86.7 36.7
ool CVIM 2172 91 69 121.6 47.1
CIV 1376 107 105 38.7 14.9
Ccv 1881 90 73 109.6 38.7
Ccv 1882 79 73 111.5 39.6
14 Apr 15 0.78 Ccv 1846 90 48 104.6 38.2
cv 1854 109 48 100.4 37.3
CVIF 2187 105 42 172.9 59.2
CVIM 2102 75 28 172.5 63.4
8% 1885 120 55 94.2 32.5
Ccv 1852 117 55 89.1 31.1
21 Apr 15 6.25
CVIF 2251 116 69 165.2 64.9
CVIM 2160 92 32 195.6 66.1
Al 2 (o, A F7L FHEADE ol &Skt 3. Ayl W 3F

ZAF @A AR EA A 4222 TH YA
o vl sl E A X(http:/www.khoa.go kr/ocea
ngrid/khoa/koofs.do)ol| A} FAF 29TE40] 5 422
AHESIATE PEAa FEE #3451 LE GFF o34
(Whatman, Maidstone, UK)Z ZZ 90% oM=L di
20°ColA] 24417} 52F A FE510] R EA Tumer
Design, Trilogy, USA)Z Z73}%ich

HAL &otof| 4] 20201} 2021 3-4Hol| JFE Calanus
sinicus® YATGAE F5FE Zol:= CIVZ|7F 1,376~
1,540 pm <], CV7]7} 1,753-1,971 um ¥e], CVIZ|7}
2,160-2,283 um W< Table 1). §Ao] T2 2200
13.0-15.0°C H|gon, d2ia BEl 0.67-6.25 ug
L' W9 3.03 ug Lo ¢tk Table 1). Calanus sinicus
CIVZIRE CVIZ] A59] /WAS A5 gad A=
2nE £ad oA BANE et YriFi 1)
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log C = 3.342 log PL - 9.449
log DW = 3.394 log PL - 9.219

7|4, Ci= Ao & Yepd 57 A(ug), DW= A5
Fo2 Uehd w5 A(ng), PLS 755 Zol(um)o|th
et Agako® e wA A9 ARAN) e 7t
7} 0.766, 0.648=2 A &= A &% S9I51HTtHp < 0.0001,
n = 26). kA, C. sinicus®] CIV-CVI7] 7|A| 2] AZTFo
gt ghagko] Bl Bt 38.4% (n = 26)0] AT
Calanus sinicus®| Zo]-57] JA AL 2 A4S 25
5hH 47]j0]THTable 2). Uye (1982)= @&24-a oFo| H]m
Z =2 X NEUsf(Inland Sea of Japan)2] o4 A
BEREE A A LS EE&5HT Uye (1988)= A3
Ao A Z=Fo] HolE At ASAPCRZREH 42 CI
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Fig. 1. Relationship between prosome length (PL) and body
weight (BW) of copepodite 4 (CIV) to adult (CVI)
of Calanus sinicus

7|58 CVIZ|71R| 9] Al mE ARgste] A4 BAAS =
2319k Nakata et al. (2001)2 F2A| L 357 F o)A
HUE RS Agele] TEH BALS EZ5UTh
A G7HA] =% Calanus sinicus2] 4712] ZAol-FA| T
AXE Blastz] fste], HafjollAl =& AHHH C
sinicus®] CI7|HE CVI7Z|9 HF+ =55 Zo] =&
(Kang and Hong 1998)5 Alg-sto] zF A Ao ofsf
4% CI7|FE CVIZ]9] g4 FAIE H|aLtS T Table
3, Fig. 2). dallollA] 8ol AHE C. sinicus FF5- 40|
= 647-2,224 um H$¥G+=d|(Kang and Hong 1998), o8]
Zdol-F7| BAA o= 4w gk 77} 2.6-68.6 ug C
(Uye 1982), 1.2-77.7 pg C (Uye 1988), 1.1-27.3 pg C
(Nakata et al. 2001) H9%lom, & AY] A4 0.9-
54.6 pg C H¢E E ¥ thTable 3). Uye (1982)2] A 4]
o thet 2 A7) TAAle] A A9l Tk B HEE
Bt 42%0]9L0H, CVIZ|HTH: CI7]R 2442 3ha: 3
7 A=A AT THe0R Uye (198892 A4l
1 o] PAAle] AT TR o} HEE Ha 28%
2] C sinieuse] WAEAO] Tk oI} Ao glo] 2
st g = Aate] TA Aol tigk Nakata et al. (2001)
of 2HAl4l0] A Ael T Ex T B AES w0,
CI-CII7| 3 io] PAalmch Ao 3o 37}
ST, LoiA] SATHA(CI-CVIZ ) 2 o] 2
Ak Al A0 15-50% T B7bEIRon, HAlHo.
2 W 12% T4 BRI Gk 47 Zol-5)
TA A FolA & At TAXL CICII7| & A LlsHd
A A= JiAG T FHAE HojETHTable 3,
Fig. 2). 0|3 Atete] ghasf F4X| 2jol= =2 AH A
L AegH Aole] |elat Ao ek
sz sled azwe 1593 Sage /)
Holut x]eje] wpe ek % 9lckMauchline 1998). 215k

Table 2. Summary of regressions of the length-weight of Calanus sinicus in different region. Stages indicate the develop-
mental stage, copepodite 1 (CI) to 5 (CV) and adult (CVI) of C. sinicus. The parabolic equation from Nakata
et al. (2001) was transformed to linear equation for comparison. PL is mm in unit in case of Nakata et al.
(2001). PL: prosome length (um), C: carbon content (ng), DW: dry weight (ng)

Chl-a

Month (ug L") Stages  Sample Region Regression V¥ References
- log C = 3.342 log PL - 9.449 0.766
March= 5 03 Cryevi fied Off Busan, g g Present study
April Korea log DW = 3.394 log PL - 9.219  0.648
- log C = 2.64 log PL - 7.00 0.832
June 7.0 - field Inland & g Uye (1982)
Sept. Sea of Japan  Jog DW = 2.66 log PL - 6.68 0.841
excess Inland _
tood  CFCVL  lab. Sea of Japan log C = 3.378 log PL - 9.416 - Uye (1988)
near Kuroshio, log C = 2.59 log PL + 0.537 Nakata et al.
. . ) field Japan (C = 3.44 PL*®) 0.771 (2001)
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Table 3. Summary of differences among body weight (BW) estimated from various regressions at a given prosome length
(PL) of Calanus sinicus in the southern sea of Korea (Kang and Hong 1998). Minus sign in the difference of
BW as percentage means overestimation, and unless otherwise noted, underestimation to the group being
compared. Mean and standard deviation (SD) were calculated from arcsine transformed data of percent difference
of BW. Stages indicate the developmental stage, copepodite 1 (CI) to 5 (CV) and adult male (CVIM) and female

(CVIF) of C. sinicus

BW (ng C) estimated from regressions

Differences of BW as percentage

Stages PL (nm) Uye  Uye Nakata et al.  Present Present study  Present study Nak(;t:;og al.

(1982) (1988) (2001) study to Uye (1982) to Uye (1988) to present study
CI 647 2.6 1.2 1.1 66.6 26.6 -26.4
CII 834 5.2 2.8 2.1 60.0 27.2 -4.4
CIII 1104 10.8 7.3 4.4 51.3 28.0 154
CIvV 1412 20.7 16.8 8.4 12.0 42.2 28.6 29.7
(0% 1876 43.8 43.8 17.5 30.9 294 29.3 43.2
CVIM 2074 57.1 61.4 22.8 43.2 24.2 29.6 47.4
CVIF 2224 68.6 77.7 27.3 54.6 20.4 29.8 50.1
Mean 41.5 28.4 12.2
SD 3.5 0.02 25.1

1oo-E e Presentstudy R ZF 4%, 2% A3 THGreen et al. 1993). Conover and

S ﬂzz ﬂgg:; . : = Huntley (1991)+= F=9] X ¢E3]|(Eastern Weddell Sea)

v Nakata etal. (2001) .. oA &7V Calanus propinguus CV 7] ZA1Zefo] A& o]

: 7 ufe} o]} 9l mAsGy, 1093 199] AF

5 . o] 7}7} 722 ug (Mizdalski 1988), 947 pg (Hagen 1988)&

= . : A ZFol7t 9leith Tanskanen (1994)-2 E-X. BFE gf|(Baltic

2 L. v Sea)ol|A] RZF8 Acartia bifilosa®) CI-CVIZ|¢] Zo]-=

" A BAA ] 4dat 104 242} Log C = 2.181 log PL -

14 : 6.141, Log C = 2.643 log PL - 7.353 (¢J7]A], C= &4

b PL S5 Zo], um) 02 Holrt 9he-e meie

500 1000 1500 2000 2500 3000 3, 7o q7t= ol x| dof ue} A=k A}

PL (um) 0]& Ho]7]%= 3t} Conover and Huntley (1991)= ‘F=

Fig. 2. Comparison of the relationships of prosome length
(PL) and body weight (BW) of copepodites and
adult of Calanus sinicus from the different authors
(see Table 3 for data of PL and BW)

Mo grkRi Ao e} Zole] Aolr} e,
Calanus sinicus 201 A&o]| we} H3}E HoltiLiang
and Uye 1996; Kang and Hong 1998; Kang and Kang 2005).
R 8ZMR0] A dolot v = A- wheh
3K Conover and Huntley 1991; Green et al. 1993). o]
24 =3[ E(English Channel)ol| 4] @2V Calanus hel-
golandicus®} Pseudocalanus elongatus @] C17] BtAgF0] 5
YIRE 8U7HA] 38%0)A] 21% 2 THAsIAIL, ol 2t

O] AR wet @72V Calanus propinguus®] CV7|
A5l Zpol7t o= 1Stk dlE E9, 29l &
2 =3l(Southern Weddell Sea)@} 4]%- Bransfield o) A]
CV7|9] AZwF2 Z17F 1,298 pg (Hagen 1988), 785 ug
(Conover and Huntley 1991)0 24 Fi gES|o|A T
ESITE A SRS AT E SUI A ANA S
A=t FF A=slolAd 212 1,597 pg, 1,770 pg (Hagen
1988) 0. = A FH flEdfiolA] o =of, 22 Folgke A
ool uje} 71zep0] 2jolzk Lk vRPAR The He]
o HAJalE R7kRe] Zol-BA] AR ol2 mol
g, WrES| 9] ol (Baltic proper)2} B AU oK Bothnian
Bay)9| 87+% Eurytermora affinis CI-CVI7|& thAlo 2
523 710157 A1) 27t Log € = 213 log PL - 587,
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Log C = 2.83 log PL - 7.694 (617]4], C= Eka2k pg; PLE
T8 Z4o], um; Kankaala and Johansson 1986)%2A] =
At 3H9%‘°ﬂ w2t 39419 7]&7o] ZolE Ktk
AL BA o) BAL At A A= Calanus sinicus
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