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Outline

 Classical methods for measuring zooplankton 

production

 Artificial Cohort (AC) methods and Caveats

 Utility and practicality of AC methods   

 Status of AC research in the USA



Zooplankton Production

 Limited spatial-temporal resolution of zooplankton 

production

 A bottleneck for estimating zooplankton production

 Lack of consensus on practical methods for measuring 

zooplankton growth (Hirst et al. 2005, Kimmerer et al. 

2007, Liu et al. 2013)
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Methodological Challenge

Natural cohort method
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Assumptions:

 Same population to be 
sampled over time

 Highly synchronized 
spawning 

 High frequency sampling



Egg production rate

Female

Assumptions

 SEP not influenced by incubation

 Somatic growth of all preceding stages is equivalent  to female SEP

 Female remains in steady-state

Eggs

24/48 hr.
Specific Egg
Production (SEP)
(% of female
weight produced
as eggs per day)

Courtesy of Ohman et al. 1998



 uses sieves of varying mesh sizes to separate the  
copepod community into different size classes (size-
fractioned cohorts)

 also can be done by manually picking specific stages 
(cleaned and sorted cohorts)

Artificial Cohort Method (Kimmerer & McKinnon 1987)
F

re
q

u
e

n
c
y

C1

C2 C3

Prosome length

400 500 600 800

Screens restrict

sizes/stages into 3 

classes more easily 

followed over time



Caveats of AC methods

Assumptions

 Close coupling between moulting and growth (Hart 

1990, Peterson et al. 1991)

 Handing does not stimulate moulting, “moulting burst” 

(Miller et al. 1991)

Limitations

 No control over number and kinds of species 

 Differential growth among stages and species

 Different developmental stage isolated for different 

species.  Incubation times to be appropriate for species 

and stages of interest



Methodological considerations of AC

 Age structure within stages

Ideally uniform age structure within stages assumed (Hirst

et al. 2005).  In practice growth often labeled by stage, not 

age

 Biomass increment of growth

Direct measurement of biomass (Kimmerer et al. 2007), or 

using a length-weight relationship (Liu & Hopcroft 

2006a&b,&07&08)  

Liu & Hopcroft (2007)



Kimmerer et al. (2007)

Applications of AC

By 2008, 

18 studies,

14 regions, 

31 species and 4 
copepod guilds



Deployment of the AC experiments



Size-fractionated vs. manually picked cohorts

Photos Courtesy of Russ Hopcroft

Liu et al. (2013)



Size-fractionated vs. manually picked cohorts

Liu & Hopcroft (2006)
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C: stage (1,2,3,4,5)

f: stage frequency

N: total observations of 
target species at each 
mesh size 

Mixed stages in size-fractionated cohorts

Liu et al. (2013)



Quantifying the stage error in size-based cohorts 

 Stage errors estimated not significantly different from zero

 The stages labeled with the practical technique in the screen-
filter method not statistically different from that identified by 
manually picking 
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Example for Simple Linear Regression
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Uncertainty for using the L-W equations 
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 The estimated standard deviation of the statistic a+ βx* 

is

When the assumptions are met, the probability 

distribution of is t-distribution with df=(n-2)

 Confidence interval for a+ βx* has form:
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Inferences of a prediction value a+ βx* 
using the L-W equations



Current AC research in the USA

 Field AC work ongoing in the Bering Sea 

and Chukchi Sea on Calanus marshallae

and Pseudocalanus spp. (Hopcroft)

 Modeling research on AC (Liu) 

 Others

Calanus marshallae



Recap

 Size-based AC method is mostly practical for 

measuring growth rates of zooplankton with caveats 

 Sized-based method can be a substitute of the 

manually picked methods for measuring stage-specific 

growth rates 

 A potential way to tackle the uncertainty using L-W 

relationship for measuring biomass

 Methods of theoretically perfect and practically 

operational
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