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Abstract

Growth rate of predominant copepods in Kagoshima Bay was estimated by the artificial cohort method established by Kimmerer

and McKinnon (1987). Most predominant calanoid copepod was Paracalanus parvus sensu latu in June and July, and Paracalanus

crassirostris in September. Subsequent development was observed for some incubations, although temporal changes of stage

composition was obscure for most experimental bags due to the insufficient size fractionation at start of incubation. Instantaneous

growth rate was estimated to be 0.05 to 0.32 day” for P. parvus s.1. and 0.06 to 0.20 day™' for P. crassirostris. Growth rates showed a

negative correlation to ambient temperature and positive to chlorophyll @ concentration of micro-sized phytoplankton. The estimates

by artificial cohort methods were lower than those calculated from the empirical models, indicating food limitation on growth in

Kagoshima Bay. Large variance of the estimates might be associated with size selective mortality and age structure within stage.
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Table 1. Size fraction, replicates and conditions of artificial cohort experiments. WT: ambient water temperature. CHL: chlorophyll a concentration.
S: starting point of incubation. IM: intermediate point of incubation. F: final point of incubation. GSP: GS pump. VP: Vacuum pump.

Date Size fraction Replicates Duration Water WT CHL
(mm) (hour) sampling  (°C) (mg m?)
S M F M F S IM F
Jun 07,06  0.10-0.20 1 0 3 50 GSP 23.5 0.4 - 1.4
0.20-0.30 1 0 3 50 GSP 23.5 0.4 - 1.3
>0.30 1 0 3 50 GSP 23.5 0.4 - 1.4
Jul 18,06  0.10-0.15 1 2 2 24 50 GSP 28.8 0.1 08 0.9
0.15-0.20 1 2 2 24 50 GSP 28.8 0.1 06 0.9
0.20-0.25 1 2 2 24 50 GSP 28.8 0.1 04 06
0.25-0.30 1 2 2 24 50 GSP 28.8 0.1 04 06
>0.30 1 2 2 24 50 GSP 28.8 0.1 1.8 19
Sep 25,06  0.05-0.10 1 2 2 23 48 GSP 27.2 0.6 07 11
0.10-0.15 1 2 2 23 48 GSP 27.2 0.6 07 11
0.15-0.20 1 2 2 23 48 GSP 27.2 0.6 07 1.2
0.20-0.25 1 2 2 23 48 GSP 27.2 0.6 09 13
Sep 25,06  0.05-0.10 1 2 2 22 47 VP 27.2 0.6 08 11
0.10-0.15 1 2 2 22 47 VP 27.2 0.6 06 1.6
0.15-0.20 1 2 2 22 47 VP 27.2 0.6 06 1.5
0.20-0.25 1 2 2 22 47 VP 27.2 0.6 07 1.8




INEE RS RS TERT 271 7 ORI 47

AT+ > THET S EHIT, EERBAREA & U TR
Uleo HEENA 7 BEMELEZRY ZFL 2Ny 713
fEKEIT AN, BEIEAT THEIIRE D 50% 1ZHE L 7z,
RUIZFL 2Ny 713K 24 B3 K O% 48 IRR%IC
BROHML, EEKETHRMEARZFIL 72, FERPIIAR, #%
THOEAZI TS > b2 Fy M (HE W 0.05mm)
TERMEL, PRIV > (RHEIRE 5%) THEE L,
fBEFOHREZNET 2720, BRI, & TE
OFREHKEZFRLT7007 1) a JEEEZRELZ, #
B U 7= g7k 2 20KPa LA T CHRJEIEHE L7Zs/n s, 1o
#TF by M FLE20pm), I URT A
LAZRT 74— FE5pm), 7w b< 45 GEF
T4 )V&— LR 0Tum) THEkY 1 XomL 7k, JEif
U727 4 VF =8I NN- DAFIFRIVAT I RAIZEL,
S NI T 24 BEEIDA B ashi L7z, P v oo
T )vaigE (CHL) &, ¥—F—F1 A8 E
2t (TD-100) ZHAWTHRLE Y IckvEEL =, HE
WRKDOAKIRIE, YSIF/ 7y 7 #8D YSI63 THIE L 7=,

1RER

WAMNEHER T A A T T, RUIZFL NV TN
THHRBEREDNROEEN DTN T /AT AT %
WOH> /e BEEAZITCHA TS > 7 N2 aHIEET
WHOEIL, EEEME T TIRRY 1 b 1H—6Ho
FEE BN, BRAR TIIMERERNICFBIFI L 2. F 7z,
BREEBEIIPVWTH EAE T &IV AF (Nikon
COOLPIX) THasz L, #wsg S N/ mRISm Gy 7
I (Lumina Vision) ZHWT2EZ#HE L GUIE R E
10pum), EFHEBEEOEEL2E (MIL : mm) %KDz,

BRREEDRE
EHREEMEOEE2RIT, FilOBMOKEARERE
X ITRAL, FEBM | OVEWIRAE (MDW : pg)
AL 7=,
LogMDW, = 0.8810 + 2.3579LogMTL, (0

F7-, FERBAMARE &4 TR OBHE O R — N 2RO ERA
B (W:pe) 1&, FRRoORITKDkD7,

W=XP, X MDW, )
ZZT, P e 50 2 RER i OBAETH 5,
BRI R EE S (guct day) 13, FEBRFHGARE S AR THEDHE
W aR— S 2RDEEAREDELD 5 RD 7z,

gic= (LnW,—LnW,) / 3)

W, B TR D
L IR — N RROHIRARE (ug)
W, : FZBRBH AR O
L O — F 2R OHIRAE (i)
¢ FFERE  (day)
L, SBHERBRIZBNT, HRRE T TORKREEE
RN DICRY TF L >Ny 7N OEERE A 10 ik
PURIZIz o 72 RBRIK >, /N B W RBIERSEA L
Jo 7= O BB R 2 R U/ O R — h &
TEBIT X Ia/n o 7= BRIKIE, BRI EEE DN A E
<1250, ¥ @SBRI L I,

B D4 D07 0—=)N)VETIVN S & Bk
(Qhio Suis Griew ) ZHEE L (Table 2), HHELIR— Nik
DOHEENE & iz L 7=,

Huntley-Lopez &5 )L

S, = 0.0445%e 0.1117 N
Hirst-Sheader &)1 2V

Qs = 10 0024670296200z (€D - L1359) (5)
Hirst-Lampitt 5] ¥
Qg = 10 (0087704502008 (CHD =0.7368) (6)

Hirst-Bunker £5°)1 %

aRRY A SRR

g,y = 10 (00143 T-036300g (€M) —0.13510g (€D ~0105) (7
AR

g

CW,: FEFEEME | D HIBEARE (ugC)
T: fEAE (C)
CHL: &7 007 1)l a i (uglh)
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Table 2. Empirical models to estimate weight-specific growth rate of copepods. C1-C6: copepodite stage 1 to 6. g: weight specific growth rate (day ™).
WT: ambient water temperature (°C). CW: animal body carbon weight (ugC). CHL: ambient chlorophyll @ concentration (ug L™).

Source Stage

Model

Huntley & Lopez (1992) C1-C6
Hirst & Sheader (1997) C1-C6
Hirst & Lampitt (1998) C1-C6
Hirst & Bunker (2003) C1-C5
C6

g = 0.0445¢%111WT
Log:eg = 0.0246WT - 0.2965L0g,,CW - 1.1355
Logseg = 0.0087WT - 0.4902Log,,CW - 0.7568

Logsog = - 0.0143WT - 0.363L0g:oCW + 0.135L0g;o(CHL) - 0.105
Logsog = - 0.0125WT - 0.230L0g:oCW + 0.729L0g:o(CHL) - 1.348
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Fig. 1. Stage composition of Paracalaus parvus s.l. at start (S) and final (F) point of incubation on 7 June 2006. Asterisk shows the experiments
which instantaneous growth rates were estimated. n: number of animals in experiment bag. C1-C6: copepodite stage 1 to 6. Fa-Fc: Replicates
at final point of incubation.
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Fig. 2. Stage composition of Paracalaus parvus s.l. at start (S), intermediate (IM) and final point (F) of incubation on 18 July 2006. Asterisk shows
the experiments which instantaneous growth rates were estimated. n: number of animals in experiment bag. C1-C6: copepodite stage 1 to 6.
IMa-IMs: Replicates at intermediate point of incubation. Fa-Fs: Replicates at final point of incubation.
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Stage composition of Paracalaus crassirostris at start (S), intermediate (IM) and final point (F) of incubation using seawater collected by
GS pump on 25 September 2006. Asterisk shows the experiments which instantaneous growth rates were estimated. n: number of animals in
experiment bag. C1-C6: copepodite stage 1 to 6. IMa-IMs: Replicates at intermediate point of incubation. Fa-Fs: Replicates at final point of

incubation.
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Fig. 4. Stage composition of Paracalaus crassirostris at start (S), intermediate (IM) and final point (F) of incubation using seawater collected
by vacuum pump on 25 September 2006. Asterisk shows the experiments which instantaneous growth rates were estimated. n: number of
animals in experiment bag. C1-C6: copepodite stage 1 to 6. IMa-IMs: Replicates at intermediate point of incubation. Fa-Fs: Replicates at

final point of incubation.
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Fig. 5. Instantaneous growth rate (day™) of Paracalaus parvus s.1. and P. crassirostris estimated by artificial cohort method (solid circles) and
empirical models (opened circles). Dotted lines show instantaneous growth rate of Paracalanus parvus s.l. reported from Inland Sea of
Japan (Liang and Uye, 1996b). ACuw: Artificial cohort method. HLo: Huntley and Lopez (1992). HS: Hirst and Sheader (1997). HLa: Hirst

and Lampitt (1998). HB: Hirst and Bunker (2003).
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Fig. 6. Correlation of instantaneous growth rate (day™') estimated by artificial cohort method to ambient water temperature (°C) and chlorophyll
a concentration (ug L™) of pico- (opened triangles), nano- (opened squares) and micro-sized phytoplankton (solid circles). Asterisks show
statistically significant at 1% levels in chlorophyll a concentration of micro-sized phytoplankton. r: Correlation coefficient.
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o TR EEEICEEN KRR ENH 5, Miller ®
13, v MEROBRIZAHA 7 SHEOMER EEEDTS
728, RESCHEEBROBICIZEEZILORETHSZ
EERBRHLTWS, #lar— MNETIE, v MEREZ
FTRSZAZ Y= 2THET 28BENMD 5720, X0
KO (BHO) TIXRY A NUKOFE L 2L BTN
NdH D, AFEICBNWT, 9 BICIIFHFERBREID M
75 0 [EREAAD U= 5 B K A5 % (Figs. 3,4)s T O
KO IR FEE B D L &2 /NS < U 72 D ASHHRS
1295720, BREREEEZ#E/NIMMLZ01Es D&%
RELTBEREZRDNE LNIZW, BRREEE#E DN

AT A RELTHHOEKNELT, I/ —T VT
WIEDNS OFEMARN D D, AHFZETIENT DR
HRRANLZ < IHEHLTBD (Figs. 1-4), KiE® 20°CLL
ETharTEMNS (Table 1), TS DEREKRI R
DS BICaRRY A MAGHEAFHMAL, FEFHBRE
FH AR DR HIZE (L 2 8/ INGEAN & & 2 v REME S B D, ARIFSE
TIEINR / — TV T ZGAEEFHI L TN HOD, O
NIRRT A 1R EI O /N OEERIT Ry MRIOBRIZ
AT aHEWMSEITTWSDT, ZOERICKDE
i Bl Rl D3t/ NEEM I B/ NRE TH - 7z E b 5,
BT, HEMHRDNA T AZRESTL2ERD 1L DTH
%, Miller and Tande " 13, [FU X5 — WD H @b HLAL
Mk TIRWEE, BHU R — META T — Dk %2
HETDHEREETEDSZEEEHL TWD, Bug—
i BT /0 45 % H1 1 7 2813 Miller and Tande ™ 73
T 5 )V & U7 Calanus finmarchicus £ 0 & A 5 — D
RN E NS OO, FBERMNZ T — iR LD b
T IUXEWNZE, BHRIOR— METRD 7z B pk FE
BIINA T A &2bo T EHRERERD,

AWFETI, #HU OB — MAFIEICKDENET 1
7 OB ERE AR ET S &N TE, HHREZ
JTWBZEATRBEINA, UL, #PlaR— MNEE
I A BB 2 WIARE SRR RN FES 57280,
EINZBEREEEOIT S DXIEET 2H0ENDH 5,

Table 3. Variability of instantaneous growth rates (day™) estimated by artificial cohort method. CV: coefficient of variation (%).

Species Instantaneous growth rate (day™') Experiment Source
Mean SD CV date

Paracalanus parvus s.l. 0.29 £+ 0.02 8.2 07 Jun 06 This study
0.11 £ 0.08 77.7 18 Jul 06 "

Paracalanus crassirostris 0.13 = 0.03 26.6 25 Sep 06 "
0.13 = 0.07 56.3 25 Sep 06 "

Acartia fancetti 0.18 = 0.02 111 07 Nov 83 Kimmerer and McKinnon (1987)
0.24 + 0.05 20.8 07 Nov 83 "
0.25 + 0.06 24.0 28 Nov 83 "
0.20 + 0.06 30.0 28 Nov 83 "
0.14 £ 0.07 50.0 04 Jan 84 "
0.15 + 0.04 26.7 04 Jan 84 "
0.17 £ 0.07 41.2 04 Jan 84 "
0.07 = 0.04 57.1 24 Jul 84 "
0.07 = 0.07 100.0 24 Jul 84 "
0.14 + 0.04 28.6 23 Oct 84 "
0.10 £ 0.05 50.0 23 Oct 84 "
0.07 + 0.01 14.3 14 Nov 84 "
0.09 + 0.02 22.2 14 Nov 84 "
0.12 £ 0.02 16.7 11 Nov 83 "
0.14 £ 0.01 7.1 11 Nov 83 "
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