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Table 1.

Application of natural cohort method for copepods. This table is modified from Huntley

and Lampit (1992). Equations to measure growth rate (Eq.) are indicated in text. WT: mean or

range of ambient water tmperature. C: copepodite stage. N: naupliar stage.

Method Species Location

Estimates WT Source

Eq. (day) (C)
9ue Acartia calusi Loch Striven, Scotland 0.15-0.19 11-14 McLaren (1978)
Texel, the Netherlands 0.19-0.26 15-22 Klein-Breteler et al. (1982)

Acartia omori Fukuyama Bay, Japan

Acartia tonsa Yaquina Bay, USA
Chesapeake Bay, USA
Loch Striven, Scotland
Clyde Sea, Scotfland
Balsfjorden, Norway
North Atlantic

Calanus finmarchicus

Calanus glacilis Fram Strait
Barents Sea
C. marshallae Bering Sea

Centropages abdominalis  Fukuyama Bay, Japan
Texel, the Netherlands
Bering Sea

Texel, the Netherlands
Fukuyama Bay, Japan

C. hamatus
Eucalanus bungii
Eurytemora herdmanni
Microsettela norvegica

Neocalanus cristatus
N. plumchrus

Bering Sea

Strait of Georgia, Canada

Oithona davisae Fukuyama Bay, Japan

O. nana Kaneohe Bay, USA
Bering Sea

Kaneohe Bay, USA
Fukuyama Bay, Japan

Paracalanus sp.

Pseudocalanus minutus Loch Striven, Scotland

Pseudocalanus sp. Texel, the Netherlands

Pseudodiaptomus marinus  Inland Sea, Japan
Fukuyama Bay, Japan

Sinocalanus tenellus Fukuyama Bay, Japan

N:0.11-0.38  9-28
C:0.11-0.39  9-28

Liang and Uye (1996b)

0.23-1.04 12-31 Miller et al. (1977)
0.34-0.58 16-26 Heinle (1966)
0.21 16 McLaren (1978)
0.06-0.23 5-15 Nicholls (1933)
0.05 5 Tande (1982)
0.05-0.06 6-8 Hirche et al. (2001)
0.03 -2-2 Hirche and Bohrer (1987)
0.03 2 Slagstad and Tade (1990)
0.10 6 Vidal and Smith (1986)

N:0.12-0.30 9-28
C:0.16-0.41  9-28

Liang et al. (1996a)

0.25-0.29 15 Klein-Breteler et al. (1982)
0.10 6 Vidal and Smith (1986)
0.15-0.29 9-15 Klein-Breteler et al. (1982)

N:0.00-0.39 9-28
C:0.02-0.18  9-28

Uye et al. (2002)

0.05-0.06 2-4 Vidal and Smith (1986)
0.09 5
0.08-0.09 57 Fulton (1973)

N:0.08-0.35 9-28
C:0.06-0.45 9-28

Uye and Sano (1998)

0.22 18 Newbury and Bartholomew (1976)
0.09-0.22 5-18 Vidal and Smith (1986)
0.92 29 Newbury and Bartholomew (1976)

N:0.06-0.19  9-28
C:0.10-0.36  9-28

Liang and Uye (1996c)

0.1 7 Marshall (1949)
0.22-0.23 15 Klein-Breteler et al. (1982)
0.24 20 Uye et al. (1983)

N:0.05-0.50 9-28
C:0.02-0.41 9-28
0.06-0.61  6-27

Liang and Uye (1997)

Kimoto et al. (1986)

5 AT — Vs BRI TH - oo RIRITH— 1
HETR, F—EEREO 3 & — F 20ENGERS 3 2 h38
E18 D,

CO&H RN E RS 5709, Liang and Uye
(1996a, b, c, 1997), Uye and Sano (1998), Uye et al.
(2002) (%, WP NENETERIN L 7o m SR R T REA
oW Taks— T 2 &, choaa T vEE
flE L ko BBk ERE Z KL 72, 7,
Webber and Roff (1995) & ¥+ <A ZANEICH T 5

FRUNVEAR D 3 & — b fiht &3, fEEERIC X 0 Bk
E#EEEAHELTWE, WFROWMETSH, RKAMEKE
LB AR 2 7 — VgAML LB, HA
7 HEAE O BRI EEREE KRR T A — MEICE - T
HETE L EBRENT VWS, TOLHIT, SHEHR
FIERDRIR T & — b EIC & B EA T EER D SRk
Pl & HiEkRETT 2 itk - T, RRIF— MEDK
MZEfD> T ENTE S,
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Fig. 1. Temporal changes in cumulative percent of

copepodite stage 1 (Cl: opened and closed trian-
gles) and 2 (C2: opened and closed circles) for
Neocalanus plumchrus in the water column above
150 m at K2 in the western subarctic Pacific Ocean
during early summer of 2006 (Kobari and
Kitamura, unpublished data). Regression lines are
fitted to population for entire sampling period (50
days: A) and for period before the water mass ex-
change (first 30 days: closed symbols in B). Differ-
ent water masses are replaced during the end of
June to early July (crosses).

4, NI 3R — biE (Artificial Cohort
Method)

Kimmerer and MaKinnon (1987) (&, RIR(E(AFED
SHME T 2HBEMEE * v ¥ 2 THBITIUE AL
Ik — b EERTE 30T, IThE—ERNEHET L Ch
MR ERE A E T3 2 &R L, TOFETHE,
TS5V YRy b EEVPICHR O TERILL 7B 1
TUHEREBRAEL, EBITA v Y axii-oEE R
Wk B, Thicky, FHohicgHMNET 294 X
HoH (NLat—1) 2551452 EMTES, H
BVICE-T, WAVLWAKH A XEHDOATIF— k%
iR e 22 &b TE %, ITNOALTF— b IEEES
~BEL, #he L EERMKED T L 72K H

NEWOEHBE T 5, WERGRS L UK TRHICERITL 72
EARIC O W TR FEH B AT 5 &, RE B
RROHERE DFED G B, IREIIHE BB IEENE L,
I & BB BEBERERE D O B HER S TR
TOANL I+ — ko RERENZKD, FUcAL
CTHRREIERE (gaes T day D) ZHEET %,
gis=In[X (W, XR) /X (WXRDI/t (4
Wi @ FEERE 1 OFERE (mgC)
R,; © S EBAGR DR E R 1 DAk
R, @t R O FEH RS 1 DR
¢t : AR (day)
Kimmerer and MaKinnon (1987) &, # =251 7
WETELET 204 7 YHHIcATas— bEEZBEAL,
1EEB L CHRUERESRESHE TS E2ME LT
W3, ATak— bk (4 M) Z1Ekd 5 &l
W B SEVFE VA, AT IF—FDEIAER
B BBICHE ETW L BN HENH b, T & —
NEGD . BIL, oA E &S TIRERE L TBEHE
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Hflio THEES 5 2 EMTX B,
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TW, : t BBONRELZ AL F— F2ED
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THEAZELICWVIEA, 20K A X0 SRR
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b OERED SHE L 72{AE (mgC)
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Table 2.

N

Application of artificial cohort, moulting rate, egg production, nucleic acid ratio and en-

zyme activity methods for copepods or other zooplankton (*). This table is modified from Hirst et

al. (2005) and Kimmerer et al. (2007). Equations to measure growth rate (Eq.) are indicated in
text. WT: mean or range of water tmperature or range. C: copepodite stage. N: naupliar stage. NA:
Not available. gucvw: growth rate estimated from volume-weight regression.

Method  Species Location Estimates WT Source
Eq. (day) (-C)
Artificial Cohort
Oacs  Acartia fancetti Westernport Bay, Australia 0.03-0.26 11-22  Kimmerer & McKinnon (1987)
Iacw A bifilosa France 0.03-0.14  NA lIrigoien and Castel (1995)
A. longiremis Skagerrak, North Sea 0.15-0.24 24 Peterson et al. (1991)
Acartia spp. Discovery Bay, Jamaica 0.25-1.43 28 Hopcroft et al. (1998b)
Calanus agulhensis Agulhas Bank 0.19-0.46 17-18 Peterson and Hutchings (1995)
C. finmarchicus Skagerrak, North Sea 0.01-0.14 24 Peterson et al. (1991)
C. marshaiiae Alaska coast, USA 0.05-0.29 5-14 Liu and Hopcroft (2007)
C. pacificus 0.03-0.29
Centropages typicus Skagerrak, North Sea 0.24-0.77 24 Peterson et al. (1991)
C. velificatus Discovery Bay, Jamaica 0.70-1.00 28 Hopcroft et al. (1998b)
Corycaeus spp. 0.10-0.36
Metridia pacifica Alaska coast, USA <0.01-0.29 5-14 Liu and Hopcroft (2006a)
Neocalanus flemingeri/plumchrus <0.01-0.24 59
Oithona simplex Discovery Bay, Jamaica 0.17-0.53 28 Hopcroft et al. (1998b)
O. nana 0.40-0.91
Paracaalnus aculeatus 0.25-1.26
P. parvus Skagerrak, North Sea 0.16-0.48 24  Peterson et al. (1991)
Pavrocalanus crassirostris Discovery Bay, Jamaica 0.44-1.08 28 Hopcroft et al. (1998b)
Pseudocalanus spp. Skagerrak, North Sea 0.12-0.35 24 Peterson et al. (1991)
Alaska coast, USA 0.00-0.16 4-15 Liu and Hopcroft (2008)
Temora longicornis Skagerrak, North Sea 0.15-0.56 24 Peterson et al. (1991)
Norway 0.00-0.32 18 Hernandez-Leon et al. (1995)
T. turbinata Discovery Bay, Jamaica 0.34-1.23 28 Hopcroft et al. (1998b)
Gacyw Calanus finmarchicus George Bank C:-0.09-0.31 NA Campbeli et al. (2001)
N:-0.07-0.20
Centropages typicus Alboran Sea <0.01-0.27 17 Calbet et al. (2000)
Mixed calanoid guild Indian Ocean C:0.38 21-31 McKinnon and Duggan (2003)
N:0.43
Great Barrier Reef, Australia C:0.12-0.53 22-30 McKinnon et al. (2005)
Mixed cyclopoid guild Indian Ocean C:0.28 21-31 McKinnon and Duggan (2003)
N:0.38
Great Barrier Reef, Australia C:0.16-0.48 22-30 McKinnon et al. (2005)
Moulting Rate
gw Calanoides acutus South Georgia, Southermn Ocean 0.01-0.24  0-2 Shreeve and Wad (1998), Shreeve et al. (2002)
Calanus agulhensis Southern Benguela, South Africa C:0.00-0.81 12-22 Richardson and Verheye (1998)
N: 0.40-0.66
C. chilensis Antofagasta coast, Chile 0.05-0.35 13-19 Escribano and McLaren (1999)
C. finmarchicus Skagerrak, North Sea 0.01-0.14 16-17 Petersonetal. (1991)
C. marshallae Oregon coast, USA 0.05-0.20 10-14 Peterson et al. (2002)
Centropages velificatus Discovery Bay, Jamaica 0.53-0.76 28 Hopcroft et al. (1998b)
Eucalanus bungii QOyashio, Japan 0.04 6 Kobariet al. (in press)
Euchaeta marina Discovery Bay, Jamaica 0.24-0.38 NA Webber and Roff (1995)
Eurytemora affinis Bristol Channel, UK 0.01-0.20 6-15 Burkill and Kendall (1982)
Neocalanus cristatus Qyashio, Japan 0.06 5-6 Kobariet al. (in press)
N. flemingeri Qyashio, Japan 0.03-0.10 511
N. flemingeri/plumchrus  Alaska coast, USA <0.01-0.22 5-9  Liu and Hopcroft (2006b)
N. plumchrus Qyashio, Japan 0.02-0.03 5-18 Kobariet al. (in press)
Oithona plumifera Discovery Bay, Jamaica 0.04-0.31 NA  Webber and Roff (1995)
Paracalanus/Clausocalanus spp. 0.12-0.91
Pseudodiaptomus hessei Algoa Bay, Southern Africa 0.11-0.38 16-26 Jerling and Wooldridge (1991)
Rhincalanus gigas South Georgia, Southern Ocean 0.01-0.06 0-2 Shreeve and Wad (1998), Shreeve et al. (2002)
Temora turbinata Discovery Bay, Jamaica 0.36-0.75 28 Hopcroft et al. (1998b)
Undinula vulgaris 0.17-0.49  NA Webber and Roff (1995)
Nucleic Acid Ratio
Ouar  Calanus finmarchicus Laboratory <0.01-0.40 4-12 Wagner et al. (2001)
Enzyme activity
Oaars Daphnia magna* Laboratory 0.04-0.21 25 Yebra and Herndndez-Ledn (2004)
Calanus helgolandicus Laboratory 0.04-0.28 13-15 Yebra et al. (2005)
C. finmarchicus North Atlantic (various stations) -0.07-0.22 0-8 Yebra et al. (2006)
Jegs  Temora longicornis Laboratory NA 15 Oosterhuis et al. (2000)
Mixed calanoid guild Strait of Georgia, Canada 0.07-0.21  8-11 Sastri and Dower (2006)
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Fig. 2. Stage composition of Paracalanus parvus s.l. at start (S) and end (Fa, Fs, Fe) point of incubation
on 7 June 2006 after Kobari et al. (2007). Asterisk means the experiments which size-fraction is success-
ful and instantaneous growth rates can be estimated. n: number of animals in each experiment bag

(104). C1—C6: Copepodite stage 1 to 6. Fx—

¢t @ EEEERE (day)

WFENPDAT T+ — FEEf - T,
EH1THED M 4 7 VO BRI R
L93d 5 (Table 2), A
4 BN (Hoperoft et al.,

hgchinl
IZ2W\T 13 DR
3, "4 T VHETRER Y+ <
1998b), dtifgiiF (Peter-

son et al., 1991), JLASEAESAIE (Liu and Hoperoft,
2006a, b, 2007, 2008) 75 EWA WA LHFED ST S
Tkv, BdS (Hoperoft et al, 1998a) ./ — 71
v 2914 (Hoperoft and Roff, 1998) 72 & &5 &
hTwzd, ALas— ki

R 1 o

Fl 2

R 3 e

WHTHEIMAD & % (FEINREHID 75 ) #E
HcobfHTE %,

D1 REIOEERTZ < OFE O Bk R B Z JIE

T& 5,
EERET R HY TS 7 b ICbRIHTX
B0

Fc: Replicates at final point of incubation.

WEDREMND B, (HL, AT a+r— FEITRKRDED
BIRENME L2 5,

o€ 1: AT as— o, *v MR A X
YIS ST K B NI E AT IS0,
AT A= MCEFHNE T2 HBEEE (A
) DADIERN SN TV D,
WFENDOATLIF— MTBLTHRE»SD
IR (H D 1 3R 23750,
LoL, %y MRERH A XMW LD B4 7 VH O
ENEGIN S 2 E0% L, IEFIChE T uagEtt
MEfisnh v d (Miller, 2006), 72, TN H5DM
WHaEE LcE LT h, EE’J&@"%#%Z B4y &0 b
NS B W KBLDAARS AL 3 & — MTHICRAT S
DT, Bk % &-mﬁ%ﬁéﬁéﬂmﬁ§h
s Tcwsd (Kimmerer et al., 2007, Fig. 2 1, [
REETELET 274 7 VHEHITOLWT, HraHAVT

IGE 2

BGE 3 :
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AT aFk—rZ2EKL, ThoDOFRE MK OHER %

BELcbDTH 5, fHEHGRORT R E RS

&, 01~02mm XTI a<E5 1~k 4 & 0

EORITE I, ToMTRENE T 2HKE55TE

18- o 0 ERRHIc % < OEAIT Lz, Bk

EHEEZAETE 8P o1, 72, BHETEHA T

DR E (Wi SR & T O R W I h oSk

oL Luunwgs, SEEXTHRE,? SiiE

L7cHEDIE S ERES NIRRT ICRENGENT

LE D7, ERIICBEREEEICSRAENKES T

AT EbiEfEn T3 (Miller and Tande, 1993),

Fric, 27— VRS R S EEREEE RV 1 7

VHTIE, COXOBREPHEFLL S, TDLDIT,

AT ads— MNEITRIRO LD BREDD 5,

RIS 1 0 &y MERECR H A X431 AR R A 1B

L, BERESZDTLE S AJielErd %,

RiE 2 T HINE T B4 4 XA DREIAD I DR
BHNTIE AT 2 AlHEMEDS b 5 720, BRfEIRK
EdEE o/ « @RFHEZ < (B
BN,

CHBEEEARELIIS LWOT, BEHEL
AR 78 & D ANBHIFE B BT SN0,

Z T, Kimmerer et al. (2007) (32 @ X 5 73 [HRES

CERINCEHMEL, ALz+— bEodERIC
SV L7, TNtk 3 &,

HEBZ 1 ¢ fHRIBR D BN R s & o AANEEMA
B, RKEBELREM - KB
I 5,

s B R R DR E A /NS T E KDL,
f B AR 2 7 — ViR 8 E H
I U ChER T 5,

CEBERPCTRIKEAEZRINL T, WRET
5047 VEPERKETH S L EER
T 5,

D Gaes R Gacuw W IZTEEIVITIRE % Rk o 2 B
WA TEBVWEBEENGEINTLE S 20,
ANLaA—rORELZEZNET 5 gio
Z15 5 XL FHT 5,

WAL TWD, TNHICE > TRIEZETE B TMA

52 EMTEDLN, WANBRBIGETEE VL, -7,

K3

AL 3R — MEEFR T — VR < EREERRE 23
EWHA T VHHICOAFFTE 5,

5. BiEZEE (Moult Rate Method)

FARIRRE NI B 2 7 4 7 HHO BRI EHE % i H
BETCTHET260& LT, BREREGIALI -
Bl SHETH LD, TV I N VR oy FEREPDICHE
WTERIL L 72 AEREEAR D SRR ET 204 7 VD H B
FBEERE A - DBld 5 &, 1 DOFREERD Sk S
IF— A TES, INHTH— FEMEERICANT,
Hh b L < EHRIEKE D5 U KIS R85
9 5o MHEK TRHICHEEREZHIEEG 5 &, 6
ARG L 0 S RHFEMESET L likZ iR TS 2,
BIBEBEOKRERIETEE» SHE LD, BIREAR
molERLIFE CRERBOKEZNEST 2, oD
7= 3 TR URAL, BRREREEE (g @ day )
ZHEET 5o

g = (nWie,—InW) /{[ Niv,/ (Ni+ N1 /8 (D

W @ EEBRE 1 0k E (mgC)
Wi - FEERE 1+1 O FEE (mgC)
N;  FEERE 1 oA No.)

Nioo  FEHEBEE i+1 offiE% (No.)
¢t fERRE (day)

(D XDS B[N/ (Ni+N-D] / tHIER 7 — Vi
il (day) &7 %, fBEICKLELFEEECEE SRR
Kimmerer et al. (2007) 2k > THREFEnTED,

HELZ 1 @ fHRIBR D BN R 1 & 0 NI A A
B, KEBEEREM - TEkE B
5,

D BRERERE OREENSCT LD,

BRI R 7 — ViR R 8T HE
B U CHER T 5,

TEEHELTV S,

AR Rk & - TRIE & N BRIk R &R 13, D1l
LH1TREDH A 7 ORI E R 12> VW T 12 O
HEWnd B (Table2), FA#FE (Shreeve and Ward,
1998, 2002), Jb R NiEdiZERii® (Liu and Hoperoft,
2006b; Kobari et al, 2010), 4 ¥ 1 i E (Burkill
and Kendall, 1982), F Y /iE R (Escribano and

4 2
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Days after moult (age within stage)

Fig.3. Example of the application of the Moult Rate (MR) method to derive the stage duration at the dif-
ferent age structure within stage in steady-state (i.e. no mortality). Opened and solid bars are age
structure before and after MR experiments during 2 days, respectively. Moult is assumed after 6 days
from the last ecdysis. A: abundant in middle ages. B: abundant for newly moulted specimens. C: abun-
dant for specimens just before ecdysis. SD: stage duration (days) estimated from MR method.

MecLaren, 1999) 75 &, fE4ismEichH I TV 5,
frape ik oF b,

FlEl cHCHREMADS 2 74 7 VEHTHRHT
X5,
Rl 2 REBREO R 7 — Vi E2E T &
%
TEiLh b, HL, BEREITO WL 2DDIGEZES S
WIS D B o
RE1 - FABEDOREEINEN—ETH 5,
IRGE2  HEERE1&Li+1 O R 7 — ViR &[5
CThb,
BGE 3 @ W OB WA T b & DFEEINEH
(HEHERD 1SR D 2378 W,
WE 4 - AEEEROSE I, * v MERECPEES 5

BEIT L B AR BEZ TS,
IhET, ELIBLU2FMEREFICBVWTEEAL
REfsnighp-tchBHEINTE I, LrL, £< D
FEAA 7 YHTI3EEE T 2FEEMED R 7 — ViR R
PHREMINELFE TRV EBHMONTEY
(Mauchline, 1998), M % TIZHE SN g 1T IFE
ENgEnNTVus I EMERHIN TV S (Hirst et al,
2005), = T T, Hirst et al. (2005) (&, RE1BXT
RE 2 Z kT & 5 AR R (Modified Moult

Rate method) Z#Z% L7, &L, DiEEA - BHEO
AHE, FAFTONRTHEEN P B0 THhNE, FPREH-
TR EHE (gur - day™) RO SN DB E LT,
gum =In (Wieeie /| Wicann) / AD; ®
Wieanry © FEET B 1 ORER DIAE (mgC)
Wien @ BB 1 OBKLEROFE (mgC)
AD; BT DT HE TRk s 7o T B
1027 — VigERH (day)
RECIERT « EEOMEZEEI LT, Ih o DFfEZNIE
T20RNEETH B, LarL, FEHBEMEL & i+l 2
AL, HEKTRICRERE 1 AEHoREEER CGEF
BEEi+1IcB0 2 RER) ERFEMEI+16EHO
KB EAR (FEEEME i+11cB8 1 2K ER) OIRE
ZUMES S LTHEMDEZRDZ I ENTZS
(Shreeve and Ward, 1998; Kobari et al., 2010), 1
SICL - TIRE T BLOE2 ZhFHFL/2L LTS, H
fdlpk 2Rz 5 2 & (RGE 3) (FRAMEAEETIEATTEE
I, Fig. 313, FHBREN O HEHEAEHE &1
T > 7235 T R T 2 7 — ViR A E L 7<)
TRLIbDTH B, WE, WECRETEIET & Hin
MEAE U Th b EERELTWEH (Fig. 3A),
BAMEAREIC EE CKNTH > TH AR b L < 3k
B T & FEET 5NV, KT, 2T — PR R
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Eur4 7 VTR, #E &I HEBHKORD ($8EE
L5, &L, BRELL 78RN BIER TH - 7256
BT & TR SIS WERDDIS S I8 270, 2T —
ORI 128 KEE & 75 5 (Fig. 3B), #ic, MiRE
RID AN 2 hs - 1858y, BB T 2 kA% <
8570, A7 — Vi REIZE/NHEE 725 (Fig.
3C), Miller and Tande (1993) &, / V7 = =D 7 «
ANNICBF AT YHEKRICE-TcET IV EM -
THB BN O HEFHR OB ZFM L2 & A, Bk
FETHE L e 2 7 — Ve kel 13 B i akic & - Tae
BOETL, HEENSENDIIEEEMHLTVS, 12,
HA T VEHRRMCHE S 5 2 ERE L, HAEREOR
IR REIC & > TR S K E <IF 5o < aRed: b iahE
ahTws (Miller et al, 1984), TD X 5T, DR
EICTIERD & 5 8REBD 5,
REi1 @ &y MERECCE A BI7S & TR ER 218
GL, BiRRITEENH S,
R 2 0 BB O ERIURERE] S H R K 0, K
% 5 N e BRI R R D FEITEME L 75 5,
- T, BRERER R 7 — VMRS <, BREi%
TOREHMOFERAEE L D b+ KEVh A 7 Vi
ThhE, ZHBREREEREZRD S ENTE S,

6. IREEE (Egg Production Method)

AT HEOGE, HRIRPSNET 5 LB AT S
{1BDT, RRaFw— ik, ATLas— bk BupeR
FETRREOEARD 5 T ENTEV, IVERERE,
BARHEDSE D A A TS = 3V F — (ZIVEREICRIH S 15 &
AL, YAEPEMEE ZBENEERE LT 2 5ETH B
(Berggreen et al., 1988; Poulet et al., 1995; Runge and
Roff, 20000, # 1 7 ¥ HH I 3 IIAY  (Broadcast
spawning) &JuINBEA (Egg carrying) 734 % DT,
MEFEEEZ TN S0, INEA 4 7 VT
B, 73V b iy PEEPMICROTEFERER
HL, WRESTBHA T VIO BRI 6] 5475 125751
T 5, BUNED A A 7 VETIE, SIS
Lo THAVINE I LAH LD, KITA v ¥ a%ik-
17 7V OVEC IR A REE L CRTE T 5. EIIRTICTR
N INEFHT 2 1th, DIERINL CHESZHET 5,

INSOF—5 % PO AT 5 &, BRRTRKEEE
(gurpe “day ™) ZHEET ST EDTE 2% (Peterson et
al., 1991),

girse = (EX Wy) / [(Ne X W) X t] ©)

E @ PEYIE (No.)

We t 91 {HdH 720 0ES (mgC)

Np @ A5 Lokt AL (No.)

We @ BfRtED 1 {kH 72 b ofkE (mgC)

t : EERME (day)

JAPREIEL 1 4 7 VT S, AEEEAZ AL 72 RITHER
LT N4 T VOB E T AR IR b, fall
WROH A7 VB, —7 ) 7 RYERBMET B % TR
WAIA TV A, BRICEINEE L RO 2 2 EnT
RV, 2T, LEAERTSEE L, NSOk &
TaE L TV 2 INERICE & N 2 U © FEIIREE (gpese -
day ) ZHEET 5,

g = (CSX sX Wyg/ Wn) / t 10)

CS iz & £ 2998 (No.)

s D INBRDIERIREL (No.)

We DB 1{H&H 70 0ES (mgC)

Wr @ gD 1 {[f{&H 72 b OfFE (mgC)

¢t EERRE (day)

FagRBEAL A 1 7 VHIC Y, THOZRIERVL 59 d B,
1>R3ERERHLIcbDT, FTEAroRkpions
(Nielsen and Sabatini, 1996),

e = (B / Np) X HR X (Wz/ Wr) an

E i g 5998 (No.)

Ne @ A O A% (No.)

HR @ ¥Ezk (day ™

We t 9 1{HH 720 0ES (mgC)

We @ kD 10k D 72 b OfFE (mgC)
AR FINo R Lo chd 20T, (D) Ko
HR RO o Wi e A L7cb D bR NS
(McKinnon and Klumpp, 1998), £< @4 14 7 VI
BT, PLHRYY Belehradek X cllFTE % 2 &8
MEsNTWE DT (Mauchline, 1998), 7KiEh 5
LA RkD B LD TE B, E-T, BLRPLMALEE
fERH 0, OISR (oA o b kR s )
I DP SRS NIAEERDN S KD B ENTE B,
FOREY, fuPpBiEtwdho a4 7 VETh, EINCES
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HHEBRICBRS A 7 vnd 57w (Marcus, 1985;
Runge, 1985; Laabir et al., 1995), f&E T 25413 24
%%f%é:&ﬁ%mo
YRR RE i DRI 5,

Flgil: Bifﬁiﬂtﬁ@%FaﬁBZﬁ HEEZNETE B,

RIS 2 L PIEARECREETH 5
ZEith B, Toiw, YUAEREREONE B
(Chisholm and Roff, 1990; Webber and Roff, 1995),
iy (Landry, 1978; Berggreen et al., 1988; Peterson
et al., 1991; Uye and Shibuno, 1992; Hay, 1995; Calbet
et al, 2000), #iE (Hirche et al., 1991; Diel and
Tande, 1992; Nielsen and Hansen, 1995) 75 &% 5w
LIETITONTETE D, K S NI LR 13K
(RO BRI EME & L Cliifs s T & 7, DIERELT
(=

BGE 1 @ BRI D A 13

Wo
CEEAHRELTVS, L L, WD SRS
L 7ciiBk & v 7 A3 (Hirche and Niehoff,
1996; Calbet and Irigoien, 1997) <> A:bilif p% 2 1< )
INTW3BZ ENME SN (Tande and Hopkins, 1981;
Hagen and Schnack-Schiel, 1996), BARIED (KE DI
ftLTwa I &pfEfsn TV 5, Hirst and
McKinnon (2001) i€k 3 &, £ DA A4 7 VHETIIE
YN DR THAAME O ARSI L THD, Thick-T
Koo & Nt B AR EE A3 p 75 0 /)N « B AFE S T
W5 EafEfE L7, KT, pldkicis s S ERIRL
cO, RNITHERP Vo HABRESE L L A4
TYHTRINDEAE LS, DXL, JEELED
KA
R 1 i o FE N EFIREET WSS,

ERIRETDH 5 (DS

W] PSR P D ot/ N« a8 KEFA 2 1 < o
CAHILDH Do COREEMIT 51 (F[E—E KD ARE
ZEEINFIR THIET NI K WAS, 4 H OFEREEIN « F5E

TR TH 2,
7. %BR - 5 xJ&kiE (Nucleic Acid /
Protein Ratio Method)

INE THENT X HEREEOMING ZRET 2

DTH-71en, TITHRRZTERKIRP Y v ¥y B%
BERE DRI E 2 Kk TH 5, REPEKEIEINT
BBRIC, BEERAIC M ZACPE - TR S 72 0 OR%ER
Py NI BOEERPENT 5, KPS v BHO
B EPAREOEIN & EHThIE, BikH 72 D%
ks vy BEHREREKEREORHEE (gur !
day ) &9 52 &EmTcE2b (Wagner et al, 1998,
2001),

KRN A 7 VEARILL 1%, REEESIZNA T+

EVR— ML, EOSRERIC EERO—HBERINT 5,

B 7 o7 B E N Tw B DT, KB
“’“@7&%}%73[1@“6 & DNA & RNA OHE5EE % RIE 4
5T EMTED, THIT RNase 2Rl %5 & RNA 73
s THEZERS OT, FOLBMEZAES 5 &
DNA OHOEHED A ZRMET 5 T LN TE 5, A,
iERO—EBIC 5 o SO G BIE A RN L, IO
G- Ty v EERES B,

Wagner et al. (1998) 13, 7 2fHEETHE L.
AT VHOMBANTE L A, KOHEE TR
RNA : DNA A EL 53 2 En 5, KREREDOIE
L1535 EAER L o, Tkeda et al. (2007) 1%, F/E
P oMEEICHET 284 7 5D RNA © DNA %
WEL, EEOHA 7 HIF ERBEENE  RNA ¢
DNA &K< 705 T & 2f5H L 7c, 72, Wagner et
al. (2001) BB Lich A 7 YHHITH> W CTHEERE I
S REINZRET 2 I, gy v o7 bl
ELTHBLAEZ A, RNA:PROMEMSH A 7 VHED
BRI E T OfsfE L 755 T & 25 L 72 (Table 2),
RERas— ik, ANTas— bk PRk EsILD,
%k « 5 v 37 BHEOR I

AL ENRETHEETH 5,
2 AAEBEEMEVAA 7 VT ORIHTE
5o
FIES 1 I RTOEHYT T 7~ VITHARET H
B0
Fid B ESLIEE LTV,
CEICH D, Bl 5 v BHIEOIRESE L TR
BOE 1 - AREEINC X 2ENKIEY 7 v B
579 el [ 5 e O
BHFonsd, Lrl, TOEHICOWTHRIESNIZDIZ
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HAT VTR 1IEDOALDT (Wagner et al., 2001),
RS T REDS A A 7 VMBI D SLo &S »
DIAH,
Thb, 50ETAHbEHRFAINTVIEN, E-T,
BB L O v 0 BEKPREBED & TiTbh T
WA, REEINCX2EEFEFAL TV LEZL D
HAT ETHEND DLENS B, RIERTELSES
15 O T « ZERNICREE DSV T — 7 3% o1 5
TEPDS, PERIITIEAT 2 & — FEDRERER ED
RELLDZBFETH B,

8. EEXREMiE (Enzyme Activity Method)

REPCKRESIENT 288, 5 v s HPFF vindoD
FES SR I N D, 7 v 7 EDRFF v ALK - HIF
T AMRIEESARESLCHREOHINEEHET 2513, C
N o OFERIEM B EHREDIEIEE 45 2 LT 5,
ThETDET A, HA 7 VHHITB Y 5B ESE D
MEICHEHA TS sMHREEICIE, AARS &
Chitobiase %433 % (Table 2),

8.1 AARS%E (Aminoacyl-tRNA Synthetase Assay
Method)

7 3/ 7 ¥V tRNA &k % (AARS) &, 7EMEAL
ST I/ BAEMBLCTT Y/ 7 VIV tRNA 255K
THEHEXRD1>THY, AARSTEH I Y v 7 &R D
HIPRIEINTH 5, Yebra and Hernandez-Leon (2004)
&, Z @O AARS iEHEDBERIREEE (gars * day ")
DIEfEL 752 T & A L 72,

RIRMEAEE D SERELL 72 h 4 7 VIR, BERRILH
FTTLROE S IERERICHEEF LA S A E VR — b « @b
SEEL, LiEREIcER Y YBEINA S, ThE375TC
ICHEFF S 5 &, AARSH 7T 3 /7 7 YL tRNA 248K L
TEw ) Vg NADH (b ¥ 5720, BOLEE{H -
T AARS IEHANET 5, AARS OFS I « &
oy ik EFIT L,

Rl 1 D MENTETHEETH 5,
R 2 EEBEEMEVHA 7 Y ETORHTE
%o

RS 1 XTOEW T F 7 b VITKIHARETH
%o
P4 BB ERBEE LIV,
Litbhs, £, [AKRIC
BGE 1 AREBEINC X 5 pld At AARS ih 1 [H]FE
ERP
CEEMEL TV Y, InFETiclisnicodtkm
#1178 (Yebra and Hernandez-Leon, 2004), # A 7 ¥
¥ 2% (Yebra et al, 2005, 2006) TH %, T DI,
R 1 TRERAA 7 VIARRRITHK D Lo E S
DA,
ThH b, KB, AARS G A WA R R # L O Ry b
LHEVREFLTORVEGLH L I LBIEHIATL
% (Yebra and Hernandez-Leon, 2004; Yebra et al.,
2005), LU, COHESMENRHETESTH S
O « ZRIICRBE oSV T -y 855N s T &
»o, KR« 5y vy Bk EERICRERINICB AL D
T — MEPRERLES EORBE LB A 5FETH 5,

8.2 CBA i& (Chitobiase Assay Method)

HE I, Wi 2 & e BRGHIaD SRl TH 6
Wigid 5, +hE7—+ (CB) &, BE@EIZEWT
B O B E NS H 2 120ICFF v ANHT S
D1 >Tdh 5, Oosterhuis et al. (2000) &, fAH
Lich4 7 VEHOEENENT 2 LFEGFMEE» S+ b E
T —EWEBERKTICB L CF P ET - Bt &<
BBHIEPS, F b ET — BEABHHINREE (go -
day™) OfEEEES T EAERL T,

COHETE, TITHA T VHEHEEE LKA R
L, * 7 —E0AE (MUFNAG) ZiRINT %,
I F K & MUFNAG ORARIEERTREL T
BLE, FrET— ¥ MUFNAG %453 L CHt%
¥69 5 MUF %4 %, HEBERIROEGRKE 7 1 VY —
T L, MUF OHObE % 0E T 5 & HA7IRL & 7c
DO*FET —EiEkEZETE 5, CBA KR, WHF
SN 7B AEE (Sastri and Dower, 2000) 4 4 7 ~JH
(Oosterhuis et al., 2000) 73T <, A4 7 VHEHOE
SMEARE (Sastri and Dower 2006) THFIFHTE 5 T
LG SN TV S, CBAEOR|AE,
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S MESRECHEFETH %,
ZEith b, CBA i

RET : fm¢®*bt7 YR E T % HBHH
TS vy bvhLBHENTOL S,
BiEe o4 7 VSR &3 2 HHHT 5 v 7
Py OLTORIATRETIL TV b,
CEEREEELTVS, L»L, Oosterhuis et al
(2000) F~x7 7 ) TN T v o F v b b F
FET—EBEENTBY, INSOERSIIEDE
W EERELTWVWS, 2O

RAEL REETEHA T VEHDF BT — BiGHE

EEETEIT W,

EWVSREDD B, E-T, Nv I TIIVEDOF M E
7 — BiEEIEHICHET 2 CENERETHD, [EfL
NNVTOREDOIEEE LTRFEHTE L, Fi,
CBA BRHHBE >S5 v 27 b vo AT LLFHTE S,
Wl 5 v BGHIED AARS & N3 & PLRPED
(iSRS

RAE 2

9. #¥ERIEFT I (Empirical Model)

KK A 7 VHMEAREED 2 & — FRITIC R » TRD S
Mtwﬁﬁﬁ HE, H25VIEEFICK > TRD SN
WP 2, KL AE 7S & OBRESEEN, A+ 41 XL & D¢
7X_9—%&J&ﬁ&LT@%%%TW%%%T%E
HETH B,

Tkeda et al. (2001) &, #4 7 YHHOEAEL Iz D
FENGERE (RO 1 €0, hour ) /KR & &S 720 D
hEZ FRICRALTRDOENEE LTV S,

In RO =0.124+0.780XIn (CW) +0.073 T (12)

CW @ a4 7 YHOKD 72 ) DIRE (mgC)
T :ABKE (O
IhE T, HILRERERERESDFRICO VT A SHIE
Fick > T g PETHNONTE Y, [EfLshR
T 0.07~0.99, FBRKENFETIX 0.04~0.74 272D g
NhHsHIENPMOENTVS (K - M, 1976 Z2H8),
L» L, Ikeda and Motoda (1978) 1T & % & Sy

FEMERNRD 0.7, BESHFR 03 LAHRELLELTOL
52&Em5, (12) XE PRI S IcEMHTE 5 (Tkeda
—Motoda €7 /V),

g = 0.75X ROX RQ X 12/22.4x24/1000/CW (13)

RQ : FFULRY
12/22.4 : R 2 1 T (22.40) DRFZDE
&= (12g)

24 1 1 Hb 720 ~DOEHUREL

FRORG 3, REHRES R OEEE 1, & v
DA 08, TBEOSE 0.7 LRETE S (OKFk « i,
1976), Ikeda and Motoda (1978) 1%, Tt 6D ZE(H -
THARIEHROMEWEY 7 5~ 7 b RS %
#E5E L7co Tkeda—Motoda € F T, WRET L7
47 YHEAERS IR E 2T Thianw T E &R E L
THBY, HOAEREEGRET H0 4 7 VHOELE
JE A2 9 2 0403538 %5 (Tkeda and Motoda, 1978),

Tkeda-Motoda & 7V i filfE L ~ v o G € 7 v % (-
TWVW20T, KEEEORMIEELZEBY T X 5721
T, BloR#E T VT Y X o (Tkeda, 1985) % {di
&, A T YDA S v b vicbRITE S

CEICRIEN D B, (HL, FEMLAIR, FBEEDR, PRk
P EEBDINE =B ATVWB 2T T, AMEEIERD
BB E R ORIV 2w, Ko 6 7o iR 1 13
DB EITERLIZV,

Banse and Mosher (1980) &, W& ETHH 14 7 ¥
H OB A X SR REZHEETE 5 2 L &R LT
Meoid, A7 VEEEGD 48 OESMEAREE D B A
R, HEEEEE, AR LI E A, BB A X
KRBT 5 &R RT3 2 A ESE O b
(P : B DEHEEIHINICRE DT 2 2 2R L
WAL U fc P o B Y H A B i U 7o ilihoy A
A TCHMREIFTEZ LT &0 0, AV A XD 1 FEE2MEL
T IS RS (goy - day ) DIEREEL BT &

% fef4 L 72 (Banse-Mosher € 7 V),

2o =0.65X MS (14)

MS @ A X (keal)
COEFNEDPED ZRIBAEYDP SOHEST TS b0
D, i, BEER, SBEBICXS LTS, PIB
BRHAY A XTHJrTE 2 LbRIN TV S,
Trembley and Roff (1982) I%, Banse-Mosher € 7 )V
Tflio TRD 7oA F FREWIE D # 4 7 v FEEE (o
FOHETE E—FH L TWVWS T Eh 5, Banse-Mosher € 7
VEFMERBHICRITE A 2 EERE LTV, £
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WTHEET B85 A — 7 —PIEEAS A XDAHILD T,
Wik ns 57— 56 TOAEFEREEHTE TS 2R AR D
B8, HREENE T - 5 =26 FVADEEI N
TWVW2DT, KD SNIMEFR ISR EEETH 5
E (B ESEE Tl Wwa &), B « ZER0 735 %
BEMMEWC EICHET 2MEDND 5,

Huntley and Lopez (1992) (%, Ef/ME{AREDSREER 9
ZKim» o BEkEREEZHETCE S5 2R LI
(Huntley-Lopez € 7 V), M5, B dH 2 VWIEEN
il g S ntc A 7 BT ERE & A BUKIR 2 Hi L 7
LA, Kidm< 185 & BN EEE (guv, @ day™)
DTERBEEEITIEING 5 C &2 Ao 7,

vz =0.0445 X M1 15)

T ARk (O

COETFINTIE, PREDIRVIKERE (—1.7~30.7°C)
T e AT YEEMBELTEB Y, MHRPOHEKT
FATE %, EFNVTHELET H/5 2 — 5 —HUKIED
ABOT, IFFICHMTH 5, O TRENKAA
A7 EEEROREZHRYT 2 HZRNTRE»r -7 &
ZIEMLTOVWS, LpL, RAHA 7 YHEIARE I
WL > THREMSFIRESNTWE 2 EBLIELIFHRES N
TW 3 (Burkill and Kendall, 1982; Kimmerer and
MaKinnon, 1987; Peterson et al., 1991), Huntley-
Lopez EFVTRINEBO 7 A4 7 VT — s BE L {lib
NTWBODT, A7 SEHEIRRA TR S 1 2 RO 4
A7 VEHTREEPLETH 5,

Hirst and Sheader (1997) (ZAHDHL D 1A A 33 %
BUTHRY 1 XicBENns E L, RAAA T VHEEED
R A X EKIED SBEHRERE 2 HETE s 2 &2t
kL7 T OFER, BEREEE (gums @ day ) 3
SR 2K EAY A X TR TE 5 T & 2R L«
(Hirst-Sheader € 7 V),

logi(gursz) =0.0246 T—0.2962 X 1og(CW) —1.1355

(16)
T HEEOKE (O
CW : fitkd tc b DIkE (pngC)
Hirst and Sheader (1997) (%, 7KiREME DIz R &
T84 7 YHOKENENMLE LS55, Huntley-
Lopez € 7 V% Tkeda-Motoda € 7V &k » & 3R 7o B
MEEEDIZODEMWNEVT EEIERHLTVWE, 8%

o<, fifkd 7z REMSMIIAERE LTlibhTws
5y, FHHIPRASZ T TO B H A 7 H O BRI R R A3
FHcEiHE b EBbn s,

Hirst and Lampitt (1998) &, # 4 7 Y OFEINA
REIC X » Tl EEE N 73 5 T & 2456 L, Hirst-
Sheader € 7V OWE RS 72, 513, FEIIERED AR
PR &Nl & < XBI9 5 &, BRulkEEE (gumr :
day ™ 29KEPMEAED 720 DIFETHFTE ST L L
72 (Hirst-Lampitt € 7 /V),

TR

log(gurr) =0.00877—0.4902 X log 1 (CW) —0.7568
a7-b

U IIBRARY

log(gum.r) =0.04647—1.7255 a7-2)

T HEEUKE (°C)

CW :fiikd 7z {AE (ugl)
Hirst-Lampitt € v TE» % 0 L VKERE (—2.3
~29.0 °C), R O F T D IRV A A R
LTW507T, ZLOA4 7 VHEICFIATE %,

Hirst and Bunker (2003) (&, Z# % TOREERNE
FNTREESN T8 - BRI REE 54 % AHH]
[ROFEEZRET L, 1EROIKE &AL 72 b DIRE DM
27 wvn 74 bail@EEMAAALLETIVERMIL 2
(Hirst-Bunker € 7V), 513, BRREIKEEE (g !
day ) @R TomREATiHATcE s 2R,

TR « pifA

logi(gus) =0.01257—0.230 X log,(CW) +0.729

Xlog (CHL) —1.348 (18—1)

FRIRTY « Witk

log(gis) = —0.0143T—0.363 X log (CW) +0.135

Xlog(CHL) —0.105 (18—2)
TAYNBRAY « pifA
logu(gim) =0.01827+0.193 X log (CW) +0.195
Xlog (CW) —1.591 (18—3)
TAPRERIY « Yk
logi(gns) =0.03337—0.163 X log (CW) —1.528
(18—4)
T ABKE (°C)
CW itk d 72 b DERFEIEEALE (ugl)
CHL : 7mv7 4 vaiE (ugl")
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Hirst-Bunker € 7V CE 27 0 RV IKEE (—2.3~
34.0 °C), JEWVEHEEIE (<0.1~321.6 ug () ZHIG#
LCw20T, BELEEOANA T VIR TE %,

BRERRIEF IV, INETH T OIEFIDL WAL
XM 204 7 VHOBNKERE M54, 5
WIS BRIR RN o % Wl i R B o i [m] 2 4242 5 2 55
BREBENLBFETH B, T, olEETHE SN
W Rk & i d 2y — v & LT FIIMHIED S 5,
LA L, Ells BRI 3V oRRN €
T bEENTc T — Y EH D, Th o EHHT
5T LFTERV, PIAE, LRSI RS 5
B AT VOB EIEE 1 S ORI E TV TIE
SFLHPATERVW I EMBERSN TV S (Kobari et
al., 2003; Liu and Hopcroft, 2006b), fit > T, X
T WK A T RN ARE O —f 1) 738 60 Z2 K1 5 72
DO =, MOREFETRKDIEE KT 2cHD Y —
WEEBZBRETH b,

10. #5R

T OO0 ER, KRA A 7 SRR EE Ok R E T %
WES 27T, e BREEPHY « Hirahcsics,
HTd, PEKES N T B RERIIEEAD S i T & 5 KA
a4 — b EHREOEBETRD L ENTESEATLS
= MEPBERER, 2L oA 4 7 VTR S Wl
HHlbZ v, LA L, WINORIEREIC S EA SIEDN
bY, TN ITOEMERAA T VHOEHICK - T
FEEREDOELELBHEL B, E-T, KEIA T VHH
EAE IS BIICAHTE250RBKVWOT, 74T v
HORERY >~ 7 ) v 7 O EHE THEUNTER L
72 (Table 3), HBHEOHELEMAEDE TREZH -
O HEEMOZ MM A LIS 5 C ENEEL LS, Th
T, RAHA 7 AR S W TEBONESE
AEbETHERIAL I NI LR ZNEELLBVOT
(Peterson et al., 1991; Yebra et al, 2005), 43
HE»rO 4 7 V8 (BAE, D - FHéy - 8RR
HEAREELLT) 2EFNVELT, EROMEETEK
»oNTEZRRILIK T 2 2 ENEENE, T, T
TRV E— by 7 OX D SR « ZEHITIC G
EMEL, VT ViAo TIBTEE2F—s0RkHon

Table 3.
methods to estimate growth rate for natural popu-

Recommendation for applicatoin of the

lation of marine planktonic copepods. NC: Natural
cohort. AC: Artificiall cohort. MR: Moult rate. EP:
Egg production. NAPR: Nucleic acid / protein
ratio. AARS: Aminoacyl-tRNA synthetase assay.
CB: Chitobiase assay. EM: Empirical model. VG:
Very good. G: Good. NG: No good. -: No concern.
IMP: Impossible.

Occasions

Methods
NC AC MR EP NAR AARS CB EM

Properties of copepods
Stage duration

Short G G G - G G G

Long G NG NG - G G NG
Bodly size

Smalll G NG NG NG NG NG NG

Large G G G G G G G
Life stage

Young G G G IMP G G G

Adult IMP IMP IMP G NG NG IMP
Density

Low G NG NG G G G NG

High G G G G G G G

Environments
Water mass exchange

Low G G
High NG G G
Location

Coastal G G G
Offshore NG G G
Polar to subpolar G G G
Tropical to

subtropical G G

Resolution of the estimates
Temporal NG
Spatiai NG

VG VG VG VG
VG VG VG VG

[aNe}
[oNe}
[oNe}

S59oh B, INOHIKEDLET, Y75 v s b v ORRE
BEEREIC OV TS, FERIVICII T iEim O KIE S s
MHINZIE A S, WA T VTR ZL 0875 v
7~ vICFIHARET, EicF -y fbTX 2R - 4 v
N AARS 13, I E TIBEFE S L illE
FohTtbA%REFHEsNTOL LS LKL,

SHEF

KX ERET BIchiz->T, 4 LT VNTLKRFED
C. B. Miller i+, HEURSFRSUMAENTILHT O HHE
T3 ER R S G AR L CTEV L, 2, AR
XOBEICBEWTLE2T =503 £ Y b 2BREH
TIHHW T, T TICRE LTS B L B 5, AWFRIE,
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Measurements of growth rate for natural population of
planktonic copepods : a review

Toru Kobari '

Abstract

Copepods are major components of zooplankton community over the world oceans.
They have important roles to transfer primary production to higher trophic levels of marine
ecosystems. In general, secondary production can be estimated by animal body weight mul-
tiplying growth rate. Animal body weight has been accurately measured, but there is little
information which method is relevant for estimation of growth rate. Thus, we have little
knowledge on confidence of secondary production compared with that of primary produc-
tion. In the present study, we review methods to measure growth rate for natural popula-
tion of pelagic copepods and indicate the assumptions, the advantages and disadvantages.
Seven methods have been used for measurements of growth rates of natural copepod popula-
tion; natural cohort, artificial cohort, moult rate, egg production, nucleic acids ratio, enzyme
activity and empirical models. Each method has specific assumptions and advantages/disad-
vantages dependent on environmental conditions and ecological properties of copepods. Be-
cause there is no method to be applied for all copepods, it is important to select some methods
with compensation between the advantages and the disadvantages and to compare the
growth rate estimates.

Key words: copepods, secondary production, growth rate, measurement,
natural population
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