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Different projects on Varanger Peninsula 
 and northern Norway since 2003 
- Effects of small and large herbivores on vegetation 
- Dynamics of small and large herbivores 
- Conservation biology of Arctic fox and dynamics of 

carnivore/scavengers communities 
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Food web modules in low-arctic Varanger 



The choice of response and predictor targets are based 
on conceptual models of expected climate impact on 
key components of the food web  
= climate impact path models 

Tall shrub tundra Varanger 
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Target State variable Interval Methods (references) Module 

relevance* 

Forest/Tall 

shrubs 

Shrub and tree sapling 

abundance 

1 yr Survey transects along climatic gradients 

(Ravolainen et al. in prep.). Experimental 

establishment of shrub and tree saplings. 

Long-term herbivore exclosures 

(Ravolainen et al., 2011). 

2.2, 2.3, 2.4, 

2.5, 2.6 

Tall shrub 

tundra 

Surface reflectance  1 yr Summer/winter albedo for major contrasts 

in configuration of tall shrubs. Near infrared 

spectroscopy (NIRS) (Foley et al., 1998) 

2.3 

Meadows Meadow phase. Functional 

group abundance, phenology, 

plant nutrient content, life 

history stage of silicate rich 

grasses 

1 yr 

(2005) 

Survey transects (Ravolainen et al. in prep). 

Long-term exclosures (Ravolainen et al., 

2011). Abundance estimates by point 

intercept methods (Jonasson, 1988; 

Bråthen & Hagberg, 2004) 

Nutrient contents by NIRS  

2.3 

Plant 

communities 

Plant community extent and 

configuration:  

tall shrub vs. meadows, dwarf 

shrub heath vs. snowbeds 

1 yr 

(2006) 

Survey transects along climatic gradients. 

Vegetation height, patch size and patch 

density (Ravolainen et al., 2010; Henden et 

al., 2011a Ravolainen et al. in prep.) 

2.2, 2.3, 2.4, 

2.5, 2.6 

  Plant species abundance and 

community composition: forest, 

tall shrubs, meadows, dwarf 

shrub heath, snowbeds 

1 yr 

(2005) 

Survey transects along climatic gradients. 

Abundance estimates by point intercept 

methods (Ravolainen et al., 2010) 

2.2, 2.3, 2.4, 

2.5, 2.6 

  Norwegian lemming winter 

grazing impact and moss 

regrowth in snow beds 

1 yr 

(2009 ) 

Abundance estimates by point intercept 

methods  inside and outside of lemming 

exclosures (Ravolainen et al., 2011). 

2.4 

Insect 

defoliators 

Abundance and species of 

Geometrid moth larvae in birch 

and dwarf birch  

1 yr Survey transects along climatic gradients 

(forest to tundra) (Ims et al., 2004) 

2.2 

Insect 

communities 

Community composition and 

abundance of saproxylic 

insects 

1 yr Survey transects along climatic gradients 

(forest to tall shrub tundra). Flight 

interception traps (Sverdrup-Thygeson & 

Birkemoe, 2009)  

2.2, 2.3 

  Etc. 

A list of specific state variables required to address the climate impact predictions 
are formulated for each target 



A hierarchical monitoring design with three levels 

Intensive: targets with rapid 
reponse to  climate impacts 
and/or large temporal variability 
 
Extensive: targets with slower 
response 
 
Regional: targets with an inherent 
design given by their distibution 
and/or existing time series 

River valleys are protruding frontiers from 
sub-arctic forest into the tundra 
 
Climatically benign 
 
Hot-spots for climate-driven changes in  
vegetation zonation 



Valley in intensive monitoring design 

Valley in extensive monitoring design 

Within-valley design 




