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Non-invasive measures of  stress hormones as a potential 

management tool,

using the Arctic fox as a case study



Improving knowledge and public awareness

16. Research and monitor individual and cumulative effects of 
stressors and drivers of relevance to biodiversity, with a focus 
on stressors that are expected to have rapid and significant 
impacts and issues where knowledge is lacking.

This should include, but not limited to, (…) developing robust 
quantitative indicators for stressors through the Circumpolar 
Biodiversity Monitoring Program
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Recommendations

of the Arctic Biodiversity Assessment



‘An integrative scientific discipline applying physiological concepts, tools, and knowledge to 
characterizing biological diversity and its ecological implications; understanding and predicting how 
organisms, populations, and ecosystems respond to environmental change and stressors; and 
solving conservation problems across the broad range of taxa’
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Conversation physiology
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Stress hormones as a marker for stress in individuals and populations?

• Physiological stress has adverse consequences in humans and laboratory 
animals

• Assumption from the biomedical field: stress hormones (glucocorticoids) 
reflect health or fitness

• Increases in GCs may reflect a more challenging environment

• Measure physiological stress to assess the status and future fate of 
natural populations and provide earlier detection of environmental 
stressors

• Hypothesis: measures of stress hormones can be used to document the 
effects of anthropogenic disturbances on animals and to predict future 
declines in a population or species

From Wingfield et al. 1997
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Stress hormones and environmental changes
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Stress hormones, individual fitness, and population processes
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Stress hormones in a conservation context



Adapted from Dantzer et al. 2014, Conservation Physiology
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A predictive and context-dependent approach to the application of stress hormones in conservation

Environmental challenges
Anthropogenic disturbances, adverse weather, predators,

food abundance, competition, social status, parasites

Sex
Reproductive

condition

Developmental

experiences

Recent

experiences

‘Individual

differences’ 

Physiological stress Individual fitness Population processes



• Calibrate and validate the use of fecal GC metabolites and hair GC 
as integrated measures of stress hormones in Arctic foxes 

Methods:
- Collect fresh feces and freeze as soon as possible
- Collect hair and store in paper envelopes at room temperature
- Collect information about the individual (sex, body condition, 

reproductive status…)
- Extract hormones from feces and hair
- Measure hormone levels (e.g. immunoassays)
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Objectives



• Calibrate and validate the use of fecal GC metabolites and hair GC 
as integrated measures of stress hormones in Arctic foxes 

• Determine intra- and inter-individual patterns of variability in 
physiological stress and investigate their relationships to proxies of 
fitness at individual and population levels 

• Disentangle the effects of changes in food availability, predator and 
competitor presence, and human-induced disturbance on the 
physiology and the ecology of Arctic foxes using samples collected 
on a global scale 

• Assess the potential for integrated measures of stress as a practical 
tool for the conservation of wildlife species 
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Objectives

Drawings from “Møt fjellreven” by Eide et al. 2013



Addressing individual stressors on biodiversity

11. Reduce the threat of pollutants to Arctic biodiversity.
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Recommendations of the Arctic Biodiversity Assessment
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Key considerations
Opportunity to develop a non-invasive and quantitative tool to assess
environmental stressors in Arctic wildlife

Translate knowledge from physiology into real-world tools

Combine within-individual and population-level approaches

Take into account the context-dependency of physiological variables in 
conservation studies


