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Across the high Arctic, terrestrial non-indigenous species are few, and associated impacts are 
relatively benign. Expanding visitation to this region combined with climate warming 
increases the potential for non-indigenous species introduction, establishment, and invasion. 
However, the processes by which species may be introduced, and risks thereof, are poorly 
understood. I will discuss progress made towards understanding the patterns and processes 
that may lead to Arctic species invasion, focussing on a program of research based in the 
Norwegian high Arctic archipelago, Svalbard. Using long-term survey data sets, samples of 
vectors of species introduction, and both experimental and modelling approaches, we 
evaluated the following: trends in persistence and phenology of existing non-indigenous 
vascular plants; vascular plant propagule pressure associated with travellers; the potential for 
species establishment and spread; and the effectiveness of measures in place to prevent 
species introduction. Broadly, transient non-indigenous species dominated the historical 
survey data records. In contrast, of those species that had established, models suggest an 
increasing reproductive capacity associated with ongoing warming. Travellers to the region 
were responsible for transferring substantial vascular plant seed loads, comprising many 
known invasive species. A portion of these seeds were capable of germination under 
simulated Svalbard summer temperatures. Finally, preliminary research revealed that 
measures used to limit the introduction of plant seeds and microbial organisms had 
moderate-to-low efficacy. Collectively, these findings suggest that the Norwegian high Arctic 
is no longer protected from species invasion. Steps towards strengthening measures to limit 
the introduction of non-indigenous species are being taken. 
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Study site: environment 
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• ~ 60% ice 

• Direct solar insolation just over 
half of the year 

• Colder colours: zone A - Polar 
Desert zone (mean July temp. 
1 - 2.5°C) 

• Grey-green colours: zone B - 
High Arctic Tundra zone       
(mean July temp. 2.5 - 4°C) 

• Warmest colours: zone C - 
Mid-Arctic Tundra zone      
(mean July temp. 4 - 6°C) 



Study site: biogeography 
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Alsos et al. (2007) Frequent long-distance plant colonisation in the changing Arctic. Science.  



Study site: biogeography 
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Alsos et al. (2016) The role of sea ice for vascular plant dispersal in the Arctic. Biology Letters.  



Study site: human presence 
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http://www.theatlantic.com/photo/2016/03/svalbard-halfway-between-norway-and-the-north-pole/472785/ 



Study site: human presence 
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Tourists 

Cargo 

Scientists 

Cargo 



Study site: non-indigenous species 
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Group Number NIS 

Vascular plants 105 

Invertebrates 15 

Vertebrates 1 

Microorganisms 1 



History of introductions: records & surveys 
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Alsos et al. (2015) Past aliens past away, current ones to stay. Biological Invasions.  
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History of introductions: field site 

11  | 

cruise-handbook.npolar.no 



History of introductions: field site 
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Barbarea vulgaris ssp. arcuata, Barentsburg 2008 



History of introductions: field site 
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Kapp Thorsden 



History of introductions: field site 
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Photo: Inger Greve Alsos 

Anthriscus sylvestris, Barentsburg 2008 



History of introductions: trends 
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History of introductions: phenology 
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Alsos et al. (2015) Past aliens past away, current ones to stay. Biological Invasions.  



Impacts 
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Impacts 
 

18  | 



Vector sampling: background 
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Huiskies et al. (2014) Aliens in Antarctica: assessing transfer of plant propagules by human 
visitors to reduce invasion risk. Biological Conservation.  



Vector sampling: methods 
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Vector sampling: methods 
 

22  | 



Vector sampling: methods 
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Vector sampling: results 
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• Seeds of 53 
species were 
identified from 
17 families 



Vector sampling: results 
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Vector sampling: results 

26  | 



Vector sampling: establishment potential 
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• 10°C 

• Tested 1019 seeds 

• 26% germinated 

 



• Propagule drop off? 

– % 30-50 dropped from shoes, clothes, and cargo items in 

experimental work in the Antarctic.  

 

Vector sampling: establishment potential 
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Lee et al. 2009 Breaching the dispersal barrier to invasion: quantification and management. Ecological applications 



Vector sampling: summary 
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• Dirty shoes = more propagules. 

• Scientists’ shoes = more propagules, more often. 

• Shoes used in forest and alpine areas = most contaminated. 

• 26% of seeds collected germinated at 10°C.  

• We estimate a yearly propagule load of over 270,000 

propagules based on 2008 visitor numbers. 



Antarctica 
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Antarctica 
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Chown et al. PNAS 2012;109:4938-4943 



Antarctica 
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Management efficacy: vector cleaning 
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• Aim: measure the efficacy of cleaning procedures 

- Vacuuming by crew 

- Footwear disinfection  

- Pre-cleaning by passengers 
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Management efficacy: vector cleaning 
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• 6 ships 

• Clothing and personal 

equipment cleaning 

• Shoe disinfection 

• Education 



Management efficacy: vector cleaning 

35  | 

• 134 items cleaned 

• Over 350 seeds in total (+ bryophytes and invertebrates) 

• Average of 4.5 seeds per person 

• Half items sampled carried seeds 

 

 



Management efficacy: vector cleaning 
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• Low cleaning rate: 20% 

• When items were cleaned, just 10 seeds were present 

• When items were not cleaned, 364 seeds were present 

 

 



Management efficacy: vector cleaning 
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Test 1: footwear disinfection before landings 

Test 2: footwear disinfection with drying following embarking 



Management efficacy: vector cleaning 
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• 95 shoe samples 

• Half samples test 1 

• Half samples test 2 

 



Management efficacy: vector cleaning 
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Management efficacy: vector cleaning 
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• Test 1: Disinfection without drying = no detectable effect 

• Test 2: Disinfection with drying = some effect 

 

+ + 



Management 

41  | 

• Svalbard environmental protection Act 2002.  

• Some eradication work.  

• Shoe cleaning station. 

• Visitor education. 

• Simple cleaning measures. 

• Ongoing survey work.  

• Increasing visitation and use = greater propagule pressure 
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