
 

  

 

Measuring and managing invasive species threats 

in the Arctic 

 

by 

Chris Ware  

B. Sc (Hons) 

Thesis submitted in partial fulfilment of the requirements for the degree of PhD 

University of Tasmania 

 

School of Geography and Environmental Studies  

 University of Tasmania  

March 2014 



 

i 
 

Declaration of originality 

This thesis contains no material which has been accepted for a degree or diploma by the University or any 

other institution, except by way of background information and duly acknowledged in the thesis, and to the 

best of my knowledge and belief no material previously published or written by another person except where 

due acknowledgement is made in the text of the thesis, nor does the thesis contain any material that infringes 

copyright.  

Chris Ware     Date 31 March 2014 

 

Statement of authority of access 

The publishers of the papers comprising Chapters 2 and 5 hold the copyright for that content, and access to 

the material should be sought from the respective journals. The remaining non published content of the thesis 

may be made available for loan and limited copying and communication in accordance with the Copyright Act 

1968 

Chris Ware   Date 31 March 2014 

 

Statement of Ethical Conduct  

The research associated with this thesis abides by the international and Australian codes on human and animal 

experimentation, the guidelines by the Australian Government's Office of the Gene Technology Regulator and 

the rulings of the Safety, Ethics and Institutional Biosafety Committees of the University.  

 

Chris Ware  Date 31 March 2014 

 

 



 

ii 
 

Statement of co-authorship 

The following people and institutions contributed to the publication of work undertaken as part of this thesis: 

Chapter 2: Ware C, Bergstrom DM, Müller E, Alsos IG (2012) Humans introduce viable seeds to the Arctic on 

footwear. Biological Invasions, 14(3), 567-577. 

Chris Ware, School of Geography and Environmental Studies / University Centre on Svalbard, Norway  

Dana Bergstrom, Australian Antarctic Division  

Eike Müller, University Centre on Svalbard, Norway  

Inger Greve Alsos, Tromsø University Museum, Norway 

Author contributions: IGA conceived idea, all authors contributed to project design, CW and EM carried out 

sampling, laboratory work and data analysis, CW wrote the manuscript with input from all authors.  

CW (candidate) (60%), IGA (20%), EM (15%), DMB (5%) 

We the undersigned agree with the above stated “proportion of work undertaken” for the above published 

peer-reviewed manuscripts contributing to this thesis: 

Signed: __________________   ______________________ 

 (James Kirkpatrick)   (Name) 
 Supervisor    Head of School 
 School Of Geography    School of Geography  

and Environmental Studies  and Environmental Studies 
 University of Tasmania   University of Tasmania 

Date:_____________________ 

 

Chapter 3*: Alsos IGA, Ware C, Elven R (submitted manuscript) Past Arctic aliens passed away, current ones 

may stay.  

Author contributions: IGA conceived research questions and project design, IGA, CW, and RE conducted 

sample collection, RE led the taxonomic revisions with input from IGA, IGA assembled and analysed the data 

with CW, IGA wrote the manuscript with input from all authors. 

CW (candidate) (30%), IGA (60%), RE (10%) 

* Contributions for this work are concluded here as I was not the primary author.   



 

iii 
 

Chapter 5: Ware C, Kirkpatrick, JB, Sundet JH, Jelmert A, Berge J, Coutts ADM, Floerl O, Pellissier L, Wisz MS, 

Alsos IG (2014). Climate change, non-indigenous species and shipping: assessing the risk of species 

introduction to a high-Arctic archipelago. Diversity and Distributions, 20(1), 10-19. 

Chris Ware, School of Geography and Environmental Studies / Tromsø University Museum, Norway 

James Kirkpatrick, University of Tasmania, Sandy Bay, Tasmania, Australia 

Jan Sundet, Institute of Marine Research, Norway 

Anders Jelmert, Institute of Marine Research, Bergen, Norway 

Jørgen Berge, University of Tromsø / University Centre on Svalbard, Norway 

Ashley Coutts, Biofouling Solutions PTY LTD, Kingston, Tas., Australia 

Oliver Floerl, SINTEF Fisheries & Aquaculture, Trondheim, Norway 

Steffen Olsen, Danish Meteorological Institute, Denmark 

Loïc Pellissier, Aarhus University, Denmark  

Mary Wisz, Aarhus University, Denmark / Greenland Institute of Natural Resources, Greenland  

Inger Greve Alsos, Tromsø University Museum, Norway 

 

Author contributions: CW and IGA conceived research questions and project design, SMO, MW, and LP 

provided environmental data, CW assembled and analysed data with advice from JBK and OF, and CW wrote 

the manuscript with input from all authors. 

CW (candidate) (70%), JBK (10%), IGA (10%), remaining authors together (10%) 

We the undersigned agree with the above stated “proportion of work undertaken” for the above published 

peer-reviewed manuscripts contributing to this thesis: 

Signed: __________________   ______________________ 

 (James Kirkpatrick)   (Name) 
 Supervisor    Head of School 
 School Of Geography    School of Geography  

and Environmental Studies  and Environmental Studies 
 University of Tasmania   University of Tasmania 
 

Date:_____________________ 

 

 

 



 

iv 
 

Abstract  

Several decades of invasive species research have yielded a broad understanding of the nature of species 

transfer mechanisms and associated threats globally. This is not true of the Arctic, however, a region where 

increasing human activity and ongoing climate change is expected to promote species invasion. This thesis 

examines the potential for both terrestrial and marine non-indigenous species (NIS) to be introduced to and 

establish in the Arctic under present and future climatic conditions. Throughout, the work uses the high-Arctic 

archipelago Svalbard as a model for the wider Arctic region. The research focuses on two of the most well-

described pathways of species introduction globally, human visitation and shipping, both of which are 

increasing in intensity in Svalbard. Potential for species introduction and establishment is examined by 

quantifiying and identifying propagule loads transferred to the Arctic; developing and testing species 

identification methods; evaluating present and forecasting future habitat suitability for NIS; measuring the 

spread of established non-indigenous vascular plants; and testing the efficacy of management measures 

designed to prevent further species introduction.  

Results demonstrate high plant propagule transport by people travelling to highly-visited Arctic regions is 

occurring. Furthermore, propagule pressure associated with ship hull fouling poses immediate risks, while if 

more stringent management related to ships’ ballast water discharge is not enacted this vector will pose an 

increasing risk over the coming century. Improved vector screening methods were achieved through testing a 

molecular species identification approach for organisms transported with ships, but the approach was found 

to be inefficient in a biosecurity management context. Climate changes, and particularly temperature 

increases, over the coming century are expected to increase Svalbard habitat suitability for both terrestrial and 

marine species. Acknowledgment of the negative impacts NIS may have in Svalbard has led to the 

implementation of preventative management measures designed to reduce species transfer by visitors and 

ships; however, these were found to have limited effect. Scope for improved management is outlined.  

Where species invasion risks are found to exist at the transport stage, the body of invasion ecology knowledge 

suggests a precautionary approach whereby NIS introduction should be prevented. The imperative to ensure 

this in polar regions has historically been lacking, owing largely to the strength of climatic barriers, and 

assumed weak propagule pressure. By quantifying propagule pressure across different pathways and vectors, 

and estimating changing habitat suitability under forecast climatic conditions, this research provides the basis 

upon which to develop more informed biosecurity management for Svalbard. Moreover, given the similarity in 

pathways of species introduction across the Arctic region, the work presented here suggests an Arctic-wide 

need to address management and policy gaps. 
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