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Introduction
Climate change and oil and gas activities are threats to the Arctic. This study focus on the combined effects of oil exposure 
and increasing water temperature on copepods in Disko Bay, Greenland. Copepods of the genus Calanus dominate the 
zooplankton[1]. Three different species of Calanus co-exist in Disko Bay. C. hyperboreus and C. glacialis are true arctic 
species while C. finmarchicus is a temperate species associated with Atlantic waters, but it is widely spread along the 
coast of Greenland[2]. The three competing species differ in lipid content. Lipids are central as energy storages in Arctic 
ecosystems and the accumulation of PAHs in storage lipids may postpone any effect until the lipid reserves are saturated. 
An effect will occur faster in organisms with low lipid content[3]. The combined effects of climate change and PAHs will 
determine the interspecies competition of Calanus.
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Discussion
Cumulated egg production (EP) in the two investigated species show a 
marked difference in response to increased water temperature and pyrene 
exposure (Figure 2 & 3). Maximum EP is less than 50 % in C. finmarchicus
exposed to pyrene compared to control rates, regardless of temperature. 
In C. glacialis it is the combination of higher water temperatures and 
pyrene exposure, which promote low EP levels. Calanus glacialis maintain 
a high EP under stress from pyrene exposure if the water temperature is 
low, but not vice versa. This suggests that C. glacialis is more sensitive to 
temperature change than pyrene exposure and the opposite is the case of 
C. finmarchicus. RNA:DNA ratio fluctuates with metabolic activity (RNA 
increase) and egg production (DNA increase). At 0.5 °C, RNA decreased 
in both species when exposed to pyrene and lowering the ratio (Table 1). 
At 5 and 8 °C, C. finmarchicus increased RNA levels with DNA levels 
relatively stabile, thus increasing the ratio. In C. glacialis ratio differences 
were more moderate with no specific pattern. Nucleic acid analyses 
indicates a reduction in metabolism in the copepods when exposed to 
pyrene at low temperature, and a metabolic increase in C. finmarchicus 
with increasing water temperature which was not observed in C. glacialis.

Materials and Methods
Individuals of Calanus finmarchicus and Calanus glacialis were collected 
during the spring bloom in april 2008 in the southern part of Disko Bay, 
Greenland (Figure 1). Field sampled individuals were taken to the 
laboratory of Arctic Station (Univ. of Copenhagen) in Qegertarsuaq for 
exposure experiments at three temperatures 0.5, 5 and 8 °C and pyrene in 
concentrations of 0-0.01-0.1-1-10-100 nM with one bottle per exposure 
concentration. Daily pulse exposures, where pyrene dissolved in acetone 
were mixed with food algae (Thalassiosira weissflogii, 15 µg L-1) and 
added to the copepods. Egg production, hatching succes and food uptake 
were monitored on a daily basis in 7-9 days as well as RNA:DNA ratio.

Figure 3 Cumulated egg production in C. glacialis in control and 10 nM pyrene
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Figure 2 Cumulated egg production in C. finmarchicus in control and 10 nM 
pyrene.

1.71

2.06

3.09

1.49

3.26

1.71

C. glacialis
0 nM pyrene
10 nM pyrene

2.12
4.42

1.72
5.45

5.44
2.94

C. finmarchicus
0 nM pyrene
10 nM pyrene

8 °C5 °C2 °C

Table 1 RNA:DNA ratio of copepods at the end of the experiment

Figure 1. Study site
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Conclusions
• A differentiated response from two important arctic copepod species to a 
combination of increased water temperature and pyrene exposure. 
• Egg production, nucleic acid contents and food uptake indicates a difference in 
response,
• Implies serious effects on ecological function in arctic marine areas subject to 
climate change and oil spills. 
• True arctic species C. glacialis may be the most sensitive to a combination
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