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• Key copepod species – European waters, NE Atlantic

• Warm water, temperate species

Source: Beaugrand et al, 2004

Background: Calanus helgolandicus

• Impact of warming oceans

• Expansion of distribution

• Substitution for C. finmarchicus
Source: Edwards et al, 2013



• 15 nm SW of Plymouth

• Inshore, shallow site (~55m)

Background: Station L4 sampling

• Weekly sampling (1988 - present)

– mesozooplankton (200 & 63μm WP2 nets) 

– phytoplankton

– microzooplankton

– environmental data

– C. helgolandicus egg production 
experiments (1992 - present)



1. What processes control C. helgolandicus 

population at L4?

2. What are the mortality rates of                   

C. helgolandicus?

3. What are the major sources of                     

C. helgolandicus mortality?

Research objectives



L4 time-series: seasonal cycles

STRATIFICATION

• C. helgolandicus abundance

• Average seasonality (25 yrs)



L4 time-series: predators

• Other copepods (cannibalism, intraguild predation)

STRATIFICATION



Total C. helgolandicus abundance (1988-2012)

L4 time-series: C. helgolandicus

• Only 4-fold inter-annual variation

Maud et al., 2015; Progress in Oceanography, Vol. 137B; WCO Special Issue



L4 time-series: population model

~ 100-fold 

deficit

• C. helgolandicus egg production time-series (mean EPR)

• EPR  x ♀ abundance  (m-3)  =  Total Reproductive Output (TRO)

• “Grow” 
population 
through a year 
from egg to CV –
no mortality



Mortality: egg hatching success

• ~30% - ~70% of eggs to N2



Mortality: matrix model
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Theoretical copepodite (CI-CV) abundance and 
observed copepodite (CI-CV) abundance    
(2002 – 2015)



Mortality: matrix model

• Proportional mortality

Ohman and Kirche, (2001), Nature, Vol 412

• Density – dependent effects?

Adj. R2 = 0.810
p = 0.0004
n = 13

S8: Poster 341 Djeghri and Atkinson



• Multiple regression predators      
(medusae, siphonophores, ctenophores, 
chaetognaths, fish larvae)

Adj. R2 = 0.620
p = 0.008
n = 13

Mortality: matrix model



Mortality: ratio “VLT” method

• Vertical life-table (VLT) methods (single time-point)

• Mortality across stage-pairs - ratio (i.e. egg-NI, CV-CVI)

• 4 years:
- Mar 2002-Mar 2004 
- 2012-2013

• Copepod stage abundance 
data 



Mortality: ratio “VLT” method

2002 2003 2004 2012 2013

CV-CVI (♂+♀) mortality rates (d-1)

• Mean ♀rate - 0.084 d-1

• Mean ♂ rate - 0.202 d-1



Mortality: ratio “VLT” method

• Active summer growth period (May-Sept)

• Relationship with SST

R2 = 0.634
p <0.0001
n = 72

R2 = 0.394
p < 0.0001
n = 78



Mortality: ratio “VLT” method

• Active summer growth period (May-Sept)

• Predators (multiple regression)

R2 = 0.298
p = 0.007
n = 72

R2 = 0.289
p = 0.009
n = 78



Mortality: non-consumptive

• Vital stain – neutral red

• “Live” copepods 
- red/bright pink

• “Dead” copepods (carcasses)                       
- white/pale pink

• Feb 2013-Jan 2014 – weekly sampling (38 weeks)



Non-consumptive mortality calculation

• Modified VLT equation

• Total mortality - predator mortality  =   non-consumptive 
mortality



Mortality: non-consumptive

Winter storms 

2013

Proportion non-consumptive mortality of 
C. helgolandicus copepodites (CI-CVI) - 2013



Mortality: non-consumptive

Predictors

• SST

• Stratification Index

• Wind speed               

(24, 48 and 72 hr)

• Tidal data

R2 = 0.129
p = 0.009
n = 28



1. What processes control the C. helgolandicus 

population at L4?

• Reproductive output sets up “potential recruitment”, 

mortality governs ultimate population size

• “Stabilising” effects of mortality

• 4-fold interannual variation

Summary



2. What are the mortality rates of C. helgolandicus?

• Estimate between 90-99% mortality (egg-CV)

• CV-CVI mortality peaked spring and late-summer

• Non-consumptive mortality (0-50%) peaked          

spring and autumn/winter

Summary



3. What are the major sources of C. helgolandicus

mortality?

• Different sources depending on development stage

• Early stages

- hatching success/abnormalities (30-70%)

- density-dependent mortality (egg cannibalism?)

• Later stages – successive suites of predators 
(chaetognaths implicated)

• Non-consumptive mortality not trivial (extreme 
weather?)

Summary



And finally…..
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Mortality: stratification

Timing of onset of stratification 
as predictor of 

“start” of total C. helgolandicus population growth season

Maud et al., 2015; Progress in Oceanography, Vol. 137B; WCO Special Issue




