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Effect of Mesh Size of Net on Biomass Estimation of
Acartia steueri (Copepoda: Calanoida)

Hyung-Ku KANG® and Yong Joo KANG
Dept. of Marine Biology, Pukyong National University, Busan 608-737, Korea

A series of 29 sampling with a 330 ym and a 64 ym mesh size of nets was conducted at a fixed station in Ilkwang Bay, southeast
cost of Korea, from Oct. 2, 1991 to Oct. 10, 1992, to investigate the effects of mesh size of nets on biomass estimation of copepod
Acartia steueri. The catch of copepodite and nauplius stages of A. steweri taken by two nets with different mesh size was different,
showing that all developmental stages of A. steueri were retained on the 64 ym mesh net, but only >stage 4 copepodite were caught
by the 330 ym mesh net. Abundance and biomass in each developmental stage estimated with the 64 ym mesh net were significantly
higher than those of the 330 ym mesh net, except for adult female and stage 5 copepodite in female. The body length as well as
the body width is likely to affect the catch of the mets. The mean biomass of A. steueri estimated with the traditional 330 ym net
was 2.8 times lower than the value obtained with the 64 um mesh net. However, the seasonal patterns of the biomass were
comparable. These results suggest that accurate sampling strategy of the entire copepods assemblage including nauplii and copepodites
are essential when estimating the abundance and biomass of copepods for the better understanding of the role of copepods in marine

ecosystem.
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M =
AFAeANN FEEFIEY YHYL FH3}e AL FE
FaE AATH 2 THE oldlsted F2T BT ofY

g, $4F ol i #eEle oY ARE AT SHAME |
%23 AFHA et (GLOBEC, 1999). 2 &I EY A4t
< U4 AE ALY AAF (biomass)TH °|E9 ARE
(growth rate)oll ¢]3to] EHEE2 (Runge and Roff, 2000), ¥
EZHAEY HAF S FAHE7 H3lMe S Ud A2 HE
A A ZF (biomass) S FAsoF ot A& AAF FH FEF
NPT TG wdel 7xste] i AEY A A X8EHe
HEsd U 3FHA AW L wgo2 v,

FEZHIE AFde F2 UEE %o AL gleH
(Omori and Ikeda, 1984; Sameoto et al., 2000), €¥tH o g YE
o] 48 77 AR nA ste LB AF 715% AT Helok
I AE A7NE 5% A &A= AFE 4 A (Omori and
Tkeda, 1984; Nichols and Thompson, 1991). S 9 A% BEF
FHE g ATE F2 200 um ©)Fe FE (o), 330um) 2

7l MEE AH3te] 2 $3%E

[}
5+
a__l

Z%3E (mesozooplankton)

T dYEEEFAE (macrozooplankton) 2719 3F3he §
EEFAEY BY 2 FF F2E e Ao FE dF &
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&)t (Kang and Lee, 1991; Park et al, 1992; Hwang and
Choi, 1993; Go et al, 1996; Park and Choi, 1997). &}, 200
pm oA %E A7) MERZ AJY A$, Fe 479 84 FH
AAY 24% #A (nauplii®} copepodites)©o] WEY F&& §
et whel B3 F e A Fo] FA& FrHE sl A% (Mil-
ler, 1995; Paffenhofer, 1998; Calbet et al., 2001; Gallienne and
Robins, 2001).

HYAAH 847 55 A SEESFAE AAFY 70% ol

A& At 4% EFTolY (Raymont, 1983). 2 FolM =
Z717b vl2d e 84F 2 I FAES AYY 2HF o
ol% (classical food web)™F " A ABE HolF (microbial food
web) Alole] AAARAM #HZ I F8Ao] B4HI U (Roff
et al, 1995; Wickham, 1995; Calbet et al, 2000). =3 2279
AAYL 2 FAEL 4 oFY 2 EAA FaT Heo2
o] 451 It (Dagg et al, 1984; Park and Choi, 1997; Conway
et al, 1998; Cha and Park, 2001a,b).
B A7 EXE FEESYIAE ALY AT 53, 8 GRY A
4y Ao "ad MAF FHA, AT HE $F 37)
ug A Gl oyt Y=AE A9 28 23F Acartia
steueris AL 2 Fobshs Rolth A steuerie 4+ 23 (Kim,
1985), mhAgtel A g4 FUA (Yoo et al, 191), AFE A
d (Go et al, 1994), 4¥9 A IE dt 2 Wt (Tanaka,
1965; Uye, 1981914 &8 3§

-
A=y

Folth A, & A7E
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FE 77k 2 F £79 JE (330 ymS} 64 pm) & A3,
D 35 3]0 wet AHe 2247 A4 2 A4S gF A
RE Aol& AFHORE AANL, 2) BE AV]Y Fol7}t 874
F A F3d od 4FE & + d=AE 2@ o,

g3 FEGE AU AXS dAvy A M (4 &
66m)oA 19914 109 2% %-H 19929 10€ 38U F= oA
9AlAl A H R Atold] F 293]e) BA 2 AFE AFsA. AR
A U EE B8 A7 O F TRY MEAH, 4E A7)7}
330um (BT AE 45cm) Y 938 UEES F2EF2E AF
Bo] ALHI glon B8 A7 64um (FF AE 31lem)9 €
FYH UEE ddoz AZEYAEN) FHFEEY §4 A
Holl AHEHI Yok HEL @AM 3~53o] 27 HEAQ £
Ao Tt AIAHYPLH, AP dFEEE 4 05m sec”’
ojgith VIEE FH¢ 59 42 UEY 7o FFAE &3]
of A3 A T (Omori and Tkeda, 1984). A E Alg& @A oA
5% FT9 dF-FAX=TYUOE AHFYL

HRE 24F 7k AU 8GFQ Acartia steueri®] 3 A
2 nauplii%h copepodites S FF L AE3tod Z SAE A
AFE o3t A, AA L copepodites= FFH Zo] (prosome
length), naupliie= @A Zo] (iotal length) & ZAF ¥ AF-
A% #7444 (Kang and Kang, 1997)& o) &3t ARE &4
et 4 GAE fAd d# 582, copepodite 27| FHE ros-
tral filament® A4 &% (Kimoto, 1988) 24 ¥4 £d3< A
omorii®] copepodite”] % T-&3+¢ . Nauplii7| % copepodite 17]
o A, A8A AFAA QoA A steueri Z BAE F4 ol
3 2ol 28 (Kang, "I'ZHE 28)% Koga (1984)9 £2F nau-
plii, Lee (1986)9) copepodite”]e] W& 2 8E ZAZ 34 534
373=

HEd o3 fHHe 84579 Arle AFEGE ATl 93ty
o & 498E 2oz ¢8A ded (Nichols and Thompson,
1991), & EFANAE Acartia steuerid] AZ—AZ BANL F
gto] 71&2 AAAEE AZARZ FNF & UEY HY A8
I 27§ AELY FAHL AESYT dwtEog a4 F A
Ao 2xo) met g2tz 7] Q& (Liang and Uye, 1996; 1997),
ofg] Aol ZHA Y Fg ANERYE 5F 229 A%
Ao dojA A8 A 218 (Kang and Kang, 1998)& &
5 ARz o) &3 A =3, £ A7 4N FEFAE FAA
ot 8779 AT AER AT FAFAEY ASAEFA
BolA oj Agzt Zol7t gle R22 JHRe T, A5dE
oA Aol AEE ol &dd 84F9 AR AZH #ANE
FaY &, Nayplis] ¢ 140C9 A{AE (Kang and
Kang, 199®)°4 4& A8& 42 AH) Zojd &L &
e, copepodites 2 AAE 19.1CY ALA4Y (Kang and
Kang, 1998)el4 A& A& gdo2 FFF Zolg AF (F
FHAA AFo] 7HF e HE)E ZAHYG

Az SAAge, F UEL 4 9AE &4 € AA9 A3
MASG o)t € HF YAF Aol F+5FF Wilcoxond] ¥
549284 (signed ranks test) & o] £3te] B4 qon] ARy

FF

Fd e F UEZL YAF 459 4#4E Spearman?] &£
g BA % (coefficient of rank correlation) & ©]-&-3}o] 3}}3t3c},

ASAEAA AL 2T F Acartia steuerid AR A E7h
BAE A steueri®) 433 Y (Kang and Kang, 1998)¢ utel 4
22 (nauplii, copepodite 171914 371, copepodite 47] FZ oA
A A, copepodite 471 YRFH FA FFILZ YFoA 1
Blen, 4 #A e AAAFe FY3o G FEFE
A Zo] Z713tHh (Table 1; P<0.00D). ¢71A dojR #A AL
22459 AFAE (Kang and Kang, 1998)E AE AEE A%
gz o] &3ttt (Table 2).

Table 1. Relationship between body length (BL; ym) and body
width (BW; um) of developmental stages of Acartia
steueri, BL: total length for nauplii (N) and prosome
length for copepodites (C) and adults at P<0.001

Copepod stage Regression R?

CIV-Adult female BW=0436BL—76.616 0979
CIV-Adult male BW=0360BL—31.958 0.935
CI-CIII BW=0247BL+37477 0926
NI-NVI BW=0448BL+ 5.725 0.989

Table 2. Body length (BL) and body width (BW) of Acartia

steueri
Copepod stage BL (um)! BW (um)?
Adult F 869 302
Adult M 736 233
CVF 731 242
CVM 653 203
CIVF 619 193
CIVM 574 175
CIII 506 162
Cll 417 140
C1 346 123
NVI 257 121
NV 223 106
NIV 192 92
NIIT 157 76
NII 124 61
NI 104 52

'Kang and Kang (1998); total length for nauplii (N) and pro-
some length for copepodites (C) and adults.

2Estimated body width from the regression equations in Table
1 using the body length data from Kang and Kang (1998).
F, female; M, male.

e odle] HHAHR|= Acartia steueri®] A 2 & dAR
FAL VE 2 A7)e) wbA Zolzt ATk (Table 3). 35 2
717} 330 ymQ W E) M AF 175 um (A# 574 ym; Table
2)9) copepodite 47] FHRE AAAA AAHALH, 64 ym F
29 Y EJ d)HE AZ 52 ym (AF 104 ym; Table 2)2 nau-
pli 17138 A4 2 2 dA4Y 450 25 fIAHAL

845E 5g3oz APy A% MEY 25 2794 A



HE B2 3717} Acartia steuerid] AAF F3d v 9% 447

Table 3. Mean abundance (ind. m~*) and biomass (ugC m™)
of each developmental stage of Acartia steweri collec-
ted by a 330 ym and a 64 ym mesh net

Mean abundance Mean Biomass
Copepod P
stage 330um 64 ym 30um  64um

mesh mesh mesh mesh
Adult F 26.1 273 166.2 1594 ns.
Adult M 132 436 376 120.8 *kx
CVF 9.0 159 29.6 46.1 ns.
CVv M 20 16.5 42 306 **
CIVF 2.5 17.0 44 26.1 >
CIVM 03 144 0.6 18.6 *
CIl 0 312 0 253 *Ex
Ccn + 83.2 + 383 i
CI 0 1729 0 46.3 *kx
NVI 0 1854 0 38.7 *kx
NV 0 159.7 0 26.8 *Ex
NIV 0 283.0 0 38.3 i
NIII 0 288.9 0 29.5 i
NII 0 492.1 0 359 *Ex
NI 0 80.5 0 44 b

P, Wilcoxon signed ranks test in abundance and biomass;
*P<0.05; **P<0.01; ***P<0.,001; n.s., not significant,

+, <0.1 ind. m™? in abundance and <0.1 ggC m™ in biomass.
F, female; M, male.

He a4F AF9 4%/ (Nichols and Thompson, 1991)&
AR g, 330 um FE Y HEE 413 ym 0139 AF, 64 ym
F5o YEE 80um o149 AEFL /M 84F 2 2189 /A
€ B8R0 2 AT £ QAT B A= F FFY ¢E
HEZ Aol 7t 2479 AF arjig ¢ FL 379
A 2 FAEE Aol =t (Table 2; Table 3). o} dl
Ed gt fHe 2477 F2 AFY 274 giA 23
= SAY, TE AV FE dEY A4, AA dAFHY
5 YUY (clogging) ol J3te, o]EHo2 WETL B&Fo
2 A3 F Je AE AVEY @ F& A7])9 AEo) MY
e ok & AR (Vannucci, 1968) % 8779 <tHY
(antennule; Vannucci, 1968) % AZ3 ulartxg WES 7
28 G¥E F & A7) W WEY AR T 84F 2
78 AFTo2 AAE & g A 24

FUET 4 2AY /48 2 AA B A5 2 A%
vl watH, A 4AZ copepodite 571 EAE AYFH 64 ym FE
o HEE AHEE A7t AT AAF QoM BT {43 A
3t (Wilcoxon?] 35 £972%; Table 3). WA, 330 yum %
9 A4, AFo 71E & A 4RAH™ F ¥HY copepodite 571
AR AEHOT AFo} HA B} A Eo] FL2 FAEL &
3oz Al HA Yv Aoz YeERd BE 277 64 um
Q) B, HEY FEAFe] 330 um FTEY WERT Folr A
BA Acartia steueri A o) 2% 97339 (avoidance)d] EA 7t
A & Aoz 71 PAY, F HEZD FA AR HE A
o #4F A7t Atk (P>005).

Nauplii 17128l copepodite 371 (330 ym %E9 WEZNE
FHo) AF HA g FADA; Table )7HAY FT AAFL,
AA 2 7 aAE /A AAo et 64 um T 27 HEZH
248 AT AAFY 414%E AA T (Table 4). £, A
AA 7 copepodite 571 ¢AE AT YA FAE € A FR
(330um FE HMEZAN B AFYIYA g€ FADA; Ta-
ble 39 Ha AAFL, 44 L 4 dAE F4 AA o
64um FE A7 MEZH $HE T AAF 70% & AT
(Table 4). WetA, 330um ZE9 WEE A3 Acartia
steueri®) AAFE F7HE AL FACAY 473 FEo] YEY
G2 Aol 2 wAUZ 4 oH, olgA mAUYte FAER ¢
o a4F MATY 44 Hd AAFE H4 414%44 H
0% 744 Zax 3718 £ Ag Aoz J4d,

Table 4. Contribution of nauplii and copepodites of Acartia

steueri collected by a 64 ym mesh net in biomass es-
timation

Mean biomass

Copepod stage (ueC m™?) % biomass
All stages (NI-CVI) 6852 100
NI-CII' 2835 414
All stages except for 4797 700

CV & CVI in female?

‘The stages which may be rarely retained on a 330 um mesh
net.

*The stages which may be poorly sampled by a 330 um mesh
net, compared with a 64 ym mesh net.

2 d7A BE At g2 F {59 HEE AEEd £
A3 Acartia steuerid] AAFE AR we} WFsA=d (Fig.
D, 330um 929 MEE 1197 5€ AAFo] X2, 64 um
T2 YEE 1149, 24, 59, 789 AAFo] Esteh 24,
F 9E 3zl JEZA FAE AAEY A-HEA A& 43A
Fe F9% Aoz veted (Spearmand #93#ASF=
0.516; P<0.01), 1AL 330 ym FF W EE ALgsiox A 3F
o AREE F¥e Bt AL FEY YE (64um)E AHE3te
L9 fodA ge5AA gae 9u g,

Acartia steveri7t A3 AAHA & A& AFH HF AA
FL 330 um FE HE H$ 11~3,5911 ugC m™> ¥4, 64 ym
G2 YE ¢ 07~4,5559 ugC m~® WO} HF AAFL
64 um =) UWE 797} 685 ugC m*2A 330 um FE HE
A% (243 ugC m DB /9 3HA T3 (Wilcoxond] F3 &9
AR, P<0.001). wetM, A steveri® BT AAEE 330 ym F=
o VEE A AY 64um HE HES AMEE 7S H) 2.84)
A vt

TN FEEFIE A7 AHEE MEY BE A7 FE
200 um ©]¢e11e™ (Table 5), 285 ZEHAE (microzooplan-
kton) EE FIFEEFIEA S3tc 247 o8 fAES
B2 1A Gk AFFEEFTIAEL 717 20~200 pm e
FEZHIEUY (Sieburth et al, 1978), EFTHoz 244
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Fig. 1. Monthly variation in biomass of Acartia steueri (naup-
lii+ copepodites+adults) from different mesh size of
net (330 ym and 64 ym mesh) at a fixed station in II-
kwang Bay, southeast coast of Korea, from Oct. 2,
1991 to Oct. 8, 1992

Table 5. Summary of mesh size of nets used in zooplankton
study in Korean waters

Source Mesh size (um) Size fraction’
Lee (1972) 330 Meso/Macro
Kang (1986) 330 Meso/Macro
Kang and Lee (1991) 330 Meso/Macro
Suh et al. (1991) 330 Meso/Macro
Park et al. (1991) 330 Meso/Macro
Park et al. (1992) 330 Meso/Macro
Soh and Suh (1993) 330 Meso/Macro
Hong et al. (1994) 330 Meso/Macro
Myung et al. (1994) 335 Meso/Macro
Go et al. (1996) 330 Meso/Macro
Park and Choi (1997) 333 Meso/Macro
Go et al. (2000) 330 Meso/Macro
Kang et al. (2000) 330 Meso/Macro
Hwang and Choi (1993) 300 Meso/Macro
Kim and Huh (1983) 250 Meso/Macro
Shim and Lec (1986) 200 Meso/Macro
Shim and Park (1982) 160 Micro/Meso
Shim and Ro (1982) 160 Micro/Meso
Shim and Lee (1983) 160 Micro/Meso
Kim et al. (1996) 100 Micro/Meso
Shim and Choi (1996)  100/Water bottle Micro/Meso
Kim and Lee (1994) 70 Micro/Meso
Go et al. (1989) Pump!—330/90 Micro/Meso
Cha and Park (2000) Water bottle?— 50 Micro

'"Pumping water, then filtering through 330 yum and 90 ym
mesh.

*Water samples of 4L, then filtering through 50 ym mesh.
*Micro, microzooplankton size; Meso, mesozooplankton size;
Macro, macrozooplankton size.

AWFE (protozoan) 9 WHEo] o7]e] £3v FHEFEEFA
E 7ted 2& 2759 24F AAE0 T orle &3t
(Beers, 1978; Gifford and Caron, 2000). %, 4%-9] dF A

HEF

200 ym g Z7)9) BB ALIAY A AHS st &
259 f4 (83 F ¢ £F nawpli) ¥ 2FFEEFIE Tl
A FEAEFFY AHE F848 2/l AT (Shim
and Choi, 1996; Cha and Park, 2000). =98} 2, 9344 &4
F9 NAT 4% A4 dFc AFE S 60pm FEE AHE
st} AA ®ut ol nauplii®} copepodites A FAES
2% 38332 o} (Durbin and Durbin, 1981; Liang and Uye,
1996, 1997).

E A7E SEZYIE 479 ALEE YE 935 374 9
3 A%A 8 27 F Acartia steueri®) AA o] drly 2 A
gq7h8 & JdeAE AFHoE HAAE, 8 A/ AMY A7
of BaF WAFS F43= A M nauplii$h copepodites st
2L FAEY 248 BAY B A7t @5 A $33
o2 283l £ 974F< Paracalanus, Acartia, Centropages,
Oithona, Corycaeus® % (Lee, 1972; Shim and Lee, 1983; Soh
and Suh, 1993; Myung et al, 1994; Go et al, 1994)o} t3t
BF AR AL oA FE A7) BE UEY A H&&
nEFGE Aol SHEI gle dREY FI 24F4 o
M 2 d7ETE AL + e Aoz *}EQE} kA,
A EA L Yool N 84F FIY T2 75T oL,
A o] Fo 2P BANA FaF Yol o8I YT FF

877 9 o8 FAEY AHF d8e #9337 fM s, &7
Fo AgAe e 44 2 4 dAY SAES AFFHeR
Aste] 189 MAGsS AAFE Hrisior & Yoo Ut
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