
• The responses of Calanus to environmental factors were both species-and location-specific.
• Climate effects on Calanus appeared to be mediated mainly throughadvection of water masses, and local effects were mediated throughbottom-up processes related to food availability, or advection.
• The abundance of young developmental stages of Calanus may responddifferently to environmental forcing than the older copepodite stages andtotal population abundance. This was particularly clear in the long-livedC. hyperboreus.
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Background
Copepods of the genus Calanusare key species in the North Atlanticecosystem. They are sensitive toclimate change and their distributionand abundance is predicted tochange because of the warming ofNorth Atlantica,b. However, therelative role of local and regionaldrivers and underlying mechanisms ofthe Calanus-environment relationshipare not well understoodc,d.

This study aims to
• Disentangle the link between localand regional environmental factorsand Calanus abundance across theNordic Seas
• Describe the mechanisms under-lying the Calanus–environmentrelationship

1. Collection of data

2. Identification: species and stages

3. Data analysis
• We tested for: trends in speciesabundances, covariation betweenpopulations, and with local (T, S, Chl a,bloom timing) and regional (NAO, AO)environmental variability (Kendall’s rankcorrelation test).
• Stage-specific responses to environmentalvariability was established by RedundancyAnalysis in CANOCO 5.
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Figure 1.  Abundance anomalies (standard deviation units)  of C. finmarchicus and C. hyperboreus in the study locations. Significant trends in Calanus populations and correlations between populations are indicated.

Figure 2. Hypothesized mechanisms accounting for the observed relationship between C. finmarchicus and C. hyperboreus populations in the study locations, and important environmental variability acting on local and regional spatial scales.

Results

Figure 3. PCA ordination plot of environmental data and C. finmarchicus data from northern Norway, and RDA plots of C. hyperboreus and C. finmarchicus data from Svalbard and northern Iceland. Developmental stages (CI – adults) and environmental variables are represented by arrows, and the angle between the arrows reflects the correlations between the variables. The percentage is the total species variation  and species-environment relationships (in parentheses) explained by axes.

Location Spatial scale of the 
environmental variable

Effect of the environmental variable
C. finmarchicus C. hyperboreus

Northern 
Norway Regional (climate)

High abundance at high NAO:  
increased fjord production 

and advective influx of 
individuals from oceanic 

population

High abundance at 
high NAO: increased 

fjord production

Svalbard

Local (hydrography)
High abundance when high 

advective input of West 
Spitsbergen Current (WSC) 

High abundance 
when high advective 

input of West 
Spitsbergen Current 

(WSC) 

Local (phytoplankton)
High abundance when 

phytoplankton spring bloom 
is late:  improved feeding 

conditions for early life stages
None

Northern 
Iceland

Local (hydrography)
High abundance when high 
advective influx from North 
Icelandic Irminger Current 

(NIIC)
None

Local (phytoplankton)
High abundance at low Chl a
concentration: high grazing 

pressure.
None

Regional (climate) None
High abundance at 

low NAO:  increased 
deep-water transport 

of individuals from 
the Greenland Sea.
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Norway: no effect on stages

Highest AO Highest CHI-CHIII

Svalbard: negative effect of AO on young C. hyperboreus stages 

Highest THighest CFI-III
Lowest THighest CHI-II

Iceland: positive effect of T on young C. finmarchicus, but negative on young C. hyperboreusMaterial and Methods


