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Relationship between filtering efficiency estimated using quad-NORPAC net sampling and
ocean conditions: Example from the Indian sector of the Southern Ocean during summer
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Abstract Quantitative net sampling has been essential for zooplankton-related studies historically. However, cur-
rently, no information regarding the relationship between ocean conditions and filtering efficiency using quad-
NORPAC nets is available. In this study, the influences of mesh size and ocean conditions on filtering efficiency
were evaluated using data from field sampling in the Indian sector of the Southern Ocean during summer. When
the impact of mesh size (63, 100, 150, and 335 pm) on filtering efficiency was assessed, the 63-um net demonstrated
the lowest efficiency, indicating that this mesh size was unsuitable for quantitatively collecting whole zooplankton
during net towing. The 100- and 150-um nets also showed lower filtering efficiencies than the 335-pm net due to
clogging by phytoplankton. Moreover, excessive towing caused the overestimation of the filtering efficiency when
the waves were over 2.4 m high. Thus, to collect whole zooplankton quantitatively, using nets with a mesh size of

100 pm or more is considered appropriate in the Indian sector of the Southern Ocean during summer.
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T H B 1% (Michaels & Silver 1988), Z 415 O E &=
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DT~ DFEEIZ DOV T, ZLOMEHH Y (eg.
Hosie & Stolp 1989, Huntlry & Escritor 1992, Hwang et al.
2007, Riccardi 2010), = v F HAW2HHVWEGE, /NMH
4 7SR A A 7 VO EEE» E RIRE T
SN EDDH 5. il 21X Hwang et al. (2007) 12 & 5 ¥,
HEWV100um €333 um D 3 v b THhEH 4 7 S HHOD
Oithona spp. X FRE L 72 2 A, 100um D JT D5 1H11F €
BB ERL TS, 2z, HHT2 %2y FoHS
WASK ST X5 e ZHMEE/ NEfY 2 75 0 T
<, AR HEMEOFHZH IR S (7257
HEMEDSHERI S 1T\ B (Riccardi 2010). 415 DREIREIC
%L C, Nicoles & Thompson (1991) &, B4 7 2 DK
MlHe xy FHACERET 2 2T, HEVICE > TE
EETI T A XHRFETS 3 Z ¥ R REL T 3.
RafiE S, AT 72 HNLC (High Nutrient Low Chloro-
phyll) KT H b, MOKRELRIC & 2 2k AEiG <> (Martin
et al. 1990, Lannuzel et al. 2016), 7 B > T TOHEAIC
X 2 REEMIEIC X Y (Chiba et al. 2000, Davidson et al.
2010), KA HERSFAAHEH S 2 s ity < Bl g
3. ZOEIRIERICECT, TS Y2 URHED
RZEfZ b e e =2 > 73 250, ko &5 5
T b & Ay O E Y OB R R/NEIC
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L CT19724FE A 5 2021 4F & TRERINICHE b T
¥ D (Takahashi et al. 2021), 7B ¥ FIZ &> TR SN
BUHREFICEHY 75 > 2 b Vi EEOREZEHHE S
1T\ % (Takahashi et al. 1998). —7/57C, HE335um
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Riccardi 2010). Z OfEREK LT, FKRHICHA 100 um
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772 Z=h3RD LN T B (Makabe et al. 2012). L »°
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Fig. 1. Sampling station locations in the eastern Indian sector of the Southern Ocean during austral summer in 2018/2019.
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% (20184F12 A 13 H ¥ 201942 H 21 H) DFEe H 72 g
RRCfT-o7z. % v bHIZ D720 4 NORPAC 7 L — A
42D 7n—A—X—%3y M IZEEL, UA
¥Y—7YF100m»51ms "OWECHER S L,
KEtOEEEE PR L. vk, &ablolE diiEGtk
Ts5EF0) T, RARNERC SEIOFEHEE * ¢
Y7L —3 g VA (Cea) ¥ LT, ZDF v Y T L—
va viEREPACT, F3RRREROKEZ LT O
A bR 7.

V = (7% (0.45/2)* x 100 / Cca) x Cs

Ol V(') JEKETH B,
iz, LN o2 6 %3 (Filtering Efficiency, FE)
ZRIE L.

FE =V /23.86

Z DR, 2386 m 1E 45 cm D 3 v b #EAT150 m D
IKHFE % SR I8 L 72 BR o i K O (R B (= 1 x(0.45/2) %
150) TH 5.

2y N ERERFO UG (Wave Height, WH, m) (&, <A 2
o A T (B RR RS, WMAID TR S lliE L,
BB T OBIRIBEAREL 2> & 107 O P % 2 0
BN oEE L.

%72, GlobColour project (The European Service for Ocean
Colour, 2020, http://www.globcolour.info/) X - T20184F
127725201942 F & COFEMRHICE T 22 v R
7 4 vald¥ (mgm ) &, WEZER)fEAE4 km ¥ 8 HIH
FETHIG L 7.

HE o

Fov= ) vEERRNIRE FIEREC T, seH IR
YHCT1I2c78 L. 20k, AL 1HDL R
EL, 1 mLOMEE TS (Settling Volume, SV, mL m )
PREL .

T — 2 M

335 um % v bk OYEKE € 150 pm, 100 pm, 63 pm ¢ ¥
~ OEKE ¥ OBIRKL T, BEERNER ¥ L O BRI D
WU, Stat view v5 W THE W Z IR A R EE S
2 AN 2175 7.

2oy MRERFOJKERICEE Y 52 2 BRZBH G 1
TR, WE R 2 v a7 4 ovalifEy A
€9 3 —fALKIE € 7V (GLM) Z1ERL L 7. GLMfi#ffr
RIS, RS Y =0 e LTilo 72, @R
DT, VIF (variance inflation factors) Zal5 L, &iHA

ZRE OHEEZ HEBR L 7. 2o ofiTiE, R (R ver-
sion 4.1.2; The R Foundation for Statistical Computing, 2021)
PR T 7z,

& xR

B335 umO Ry MK BHEKRICHL, W
DO HA (150 um, 100 pm, 63 pm) O E/KE b H 72 H
BARA(RA D - 72 (Fig. 2a). HEWV 335 um D 3 v Mid,
g1 >~ FERICECTEY TS > 2 F U REOR]E
=% A ST B 728 (Takahashi et al. 1998),
ZOWEKERX1IY LIy &, HEWV150 pum, 100 pm,
63um ® * v + OYEKE I Z 2410973, 0.930, 0.686
THH, HEV G umD 3 v + OJEKENIE L K-
7z (Fig. 2a). %3 v b OWEBIRIZHEVIC & o THED
HYH, HEV100 pm, 150 pm, 335um D 3 v+ O JE i
ER130.708-1.265 TH > 72 A5, HEV 63 um D3 v b T
130.490-0.875 & 17> & 7 B> o 72 (U-test, p<0.0001)
(Fig. 2b). JE#EZNR ¥ vEEIE, HEW 63 um, 100 um,
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BB & M 2 v a7 4 ovalBED R IER A KIE
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CIEE R > o 2 (Fig. 3). —J7C, WE s nn
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(Fig. 3). —RILBRIEEFT v Ins OBGRE RS 2
Y, WEosZBIINRo@Y, ETOHGVCTHERRY
R oy, WBHirzon 7 4 valBEEHE
150 um A T Oy b DEAEDEEEE NIFT ¥R
S 7z (Table 1).
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0.875 ¥ {lk»> - 72 (Fig. 2b). H{3\100-335um ® 3 v k
CHAT, 63um > v b 72T SEERN LT § 2 )
13, I3 (2019) ¥ —EL T 5. EEEREICII85%
DL EoWEENR AT H 2 72 (Smith et al. 1968), A<
P28 T3 63 um % v F TIERMZERERES TS Tw
hpoleeBEZ NS,

TOEERDE T 2 HK e LCid, v Mo HGS
DHBFET NS (AR « KATH 1960, Smith et al. 1968, 1&
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Fig. 2. Relationships between filtered volumes of the nets with
three smaller mesh sizes (63, 100, and 150 um) and that of the
335-um mesh (a). ***: p<0.0001. Comparison of filtering
efficiencies among the different mesh sizes (b). Comparison of
the zooplankton settling volume and filtering eficiency for each
mesh size (c). The solid, dashed, and dotted lines indicate
significant relationships between the parameters.

35> 2019). FHRE « KHIF (1960) 12 & % ¥, Biig FHEEH
FI0RIONZRSSOMYT S 2~ b HEE
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HARZS v o s vl H728 H15 (2025)

Wave height (m)
Filtering efficiency

0.9

0 02 04 06 08 10 02 04 06 08 1
Surface chlorophyll a (mg m~)

Fig. 3. Effects of physical and biological parameters on the
filtering efficiency of the net towing. The solid and dashed lines
indicate filtering efficiencies of 100 and 85%, respectively.

Table 1. Results of GLM analysis for filtering efficiency using
each mesh size. Int.: intercept, Chl. a: surface fluorescence, WH:
wave height, AIC: Akaike Information Criterion. *: p<0.05; **:
Pp<0.01; ***; p<0.001.

Mesh size (um) Int. Chl. a WH AIC
335 0.715 —0.0215 0.155%**  —99.928
150 0.751 —0.358%%*%  0.190***  —80.035
100 0.739 —0.319%*%  0.163***  —67.480
63 0.523 —0.192* 0.121°%* —77.599

BV TBENZ 72 512 CIHERESME N T 2 i
w5 6N (Fig 20), I 61U, Wz vn 7 1 valdEs
<72 3 B SET I 2 M H o 7 (Fig. 3,
Table 1). ZDZ¥»5, HEWVI50 umLL N TIEAEY) 7
5 v 2 bk B HE Y IEEIRE T OFRIC -
fteEZoND. FEEIC, TRBEORERIZ 150 pm L
ToRBT RO TS v 2 Py B i 05
el L T 3.

W7oy s brxy MRECECT, T
kRSB, Ry PO DT SICEMT A ¢
FEZoNb. iFHEER T - EFORMIE A > FIEX
T, kD6 OBROMA Y (Martin et al. 1990, Lannuzel
etal. 2016), {fEE7 1> FMBEETOMEAIC & 2 KEHO
{I£%5 (Chiba et al. 2000, Davidson et al. 2010) {Z & - CTHi¥)
Ty by T = aRINCEET 5. R, K
WrgE ofifiifgrh <, A O Pl (125°EL0PE) T3,
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BE, TSy 2 by Tv—apREL v
(Matsuno et al. 2023). ARWFZETHIE L 7 I R02 & i #
OB e FERICLR Lo e 25, BREAEEGRLN
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Tdpotz. —J5C, PRI L CHU e pEHI TR L
e 24, 100 um B & 63 umatkHI BT, Tov— 24
DFAEL TR MO ) 25 E IS E H o T2 (U-test,
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BRI ERNFL T e b R o T, HiE
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R, Fragilariopsis curta \-f\Z& 3 11 % Fragilariopsis J& D3R
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