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Abstract

Growth rate of predominant copepods in Kagoshima Bay was estimated by the artifi cial 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 insuffi cient size fractionation at start of incubation.  Instantaneous 

growth rate was estimated to be 0.05 to 0.32 day
-1
 for P. parvus s.l. and 0.06 to 0.20 day

-1
 for P. crassirostris.  Growth rates showed a 

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

by artifi cial 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 artifi cial cohort experiments. WT: ambient water temperature. CHL: chlorophyll a concentration. 

S: starting point of incubation. IM: intermediate point of incubation. F: fi nal point of incubation. GSP: GS pump. VP: Vacuum pump.
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Table 2. Empirical models to estimate weight-specifi c growth rate of copepods. C1-C6: copepodite stage 1 to 6. g: weight specifi c growth rate (day
-1
). 

WT: ambient water temperature (
o
C). CW: animal body carbon weight (µgC). CHL: ambient chlorophyll a concentration (µg L-1

).
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Fig. 1. Stage composition of Paracalaus parvus s.l. at start (S) and fi nal (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 fi nal point of incubation.
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Fig. 2. Stage composition of Paracalaus parvus s.l. at start (S), intermediate (IM) and fi nal 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-IMB: Replicates at intermediate point of incubation. FA-FB: Replicates at fi nal point of incubation.

Fig. 3. Stage composition of Paracalaus crassirostris at start (S), intermediate (IM) and fi nal 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-IMB: Replicates at intermediate point of incubation. FA-FB: Replicates at fi nal point of 

incubation.
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Fig. 4. Stage composition of Paracalaus crassirostris at start (S), intermediate (IM) and fi nal 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-IMB: Replicates at intermediate point of incubation. FA-FB: Replicates at 

fi nal point of incubation.
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Fig. 5. Instantaneous growth rate (day
-1
) of Paracalaus parvus s.l. and P. crassirostris estimated by artifi cial 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). ACLW: Artifi cial cohort method. HLo: Huntley and Lopez (1992). HS: Hirst and Sheader (1997). HLa: Hirst 

and Lampitt (1998). HB: Hirst and Bunker (2003).

Fig. 6. Correlation of instantaneous growth rate (day
-1
) estimated by artifi cial cohort method to ambient water temperature (

o
C) and chlorophyll 

a concentration (µg L
-1
) of pico- (opened triangles), nano- (opened squares) and micro-sized phytoplankton (solid circles). Asterisks show 

statistically signifi cant at 1% levels in chlorophyll a concentration of micro-sized phytoplankton. r: Correlation coeffi cient. 
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Table 3. Variability of instantaneous growth rates (day
-1
) estimated by artifi cial cohort method. CV: coeffi cient of variation (%).
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