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Written evidence submitted by the British Ecological Society

Q1. How well is the UK and its overseas territories managing the impact of invasive 
species and controlling the risks of further invasion?

Recent measures against INNS
The UK has taken some positive measures for managing the impact and potential risks posed by 
invasive non-native species (INNS). Such measures include the creation and maintenance of the GB 
Non-Native Species Information Portal (GB-INNSIP) which contains evidence on over 2000 INNS. 
Such initiatives, however, would have a greater impact if there were a statutory responsibility on 
local authorities to implement INNS measures.

A 2017 report1 identified the limited capacity of Overseas Territories (OTs) to engage in preventative 
measures against INNS. OTs are particularly vulnerable to INNS because they are mostly oceanic 
islands and their species face fewer competitors. Preventative measures are vital as the OTs are 
home to 28,000 native species and 85% of the UK’s critically endangered species2. While the UK 
Government has funded a project3 which identifies potential INNS and their likely pathways of entry 
in OTs, ongoing research and funding are needed to continue to protect these fragile habitats.

Inadequate funding for research
There is inadequate funding for INNS research. In England in 2016/2017, the Government spent 
around £922,000 (less than 0.5% of APHA’s budget)4on INNS biosecurity measures and only £62,000 
of that was spent on research5, yet in 2010 the estimated cost to the British economy of INNS was at 
least £1.7 billion6. A new estimate of the costs of INNS, pests and diseases is required along with 
commensurate funding7. 

Inadequate funding for Local Action Groups (LAGs)
LAGs have been successful in eradicating or severely reducing INNS by around 60% across parts of 
catchments or specific sites8. LAGs have put together strategic plans for addressing IAS and 
facilitated biosecurity information sharing among landowners, local people and officials. However, 
the uneven size and distribution, and recent underfunding for LAGs poses a risk to the future control 
and management of INNS. LAGs need to be expanded to ensure an even spread, with guaranteed 
long-term funding and professional regional LAG coordinators. 

Lessons from New Zealand 
The UK could learn from New Zealand’s ambitious ‘Biosecurity 2025’9  plan for biosecurity that 
includes five strategic directions with associated targets to be achieved by 2025. It includes: a target 
for 100,000 citizens regularly taking action and 90% of relevant businesses managing the pest and 
disease risks associated with their business10;  harnessing science and technology through $80 
million of public and private investment; providing public access to data held by public bodies and 
Crown research institutes; and equipping and skilling 150,000 people to address biosecurity 
incursions. 

Q2. Of those that are already in the UK, which invasive species are posing the greatest 
harm to:  
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a. human health; 
There are many INNS which pose a risk to human health. Entering the UK through similar pathways 
as those which impact habitats and biodiversity. The Asian tiger mosquito, for example, is thought to 
have entered the UK through the transport of goods.

b. animal health;  
There are various examples of INNs posing risks to native species. For example, the grey squirrel is a 
carrier of the squirrel pox virus. Another example is Asian hornet predation of native species. 

c. plant health and biodiversity.
The disease Hymenoscyphus fraxineus, which attacks both common ash and narrow-leaved ash 
trees. Native ash species ecology and function is unique and cannot be completely replaced by any 
other native species. Ash trees allow for high light penetration through their canopies and have a 
nutrient-rich litter with a fast decomposition rate11. These characteristics result in an ash-specific 
assemblage of species estimated at 95512 to 1,05813. Over 71 of these species are believed to be at 
risk of extinction or significant population declines based on predictions of the spread of ash 
dieback, and 170 are predicted to experience declines in abundance14. No other tree or mixture of 
tree species can off-set the loss to woodland flora and fauna caused by Hymenoscyphus fraxineus.  

Some native tree species may support a high proportion of the ash associated species, but there is 
insufficient information to assess the suitability of many non-native tree species to support native 
biodiversity15. Finding suitable functional analogues to replace trees at risk of decline due to disease 
is difficult. While some trees may be suitable analogues in terms of the biodiversity they support, 
they may not be suitable analogues in terms of their ecosystem functioning e.g. the shade they cast, 
carbon storage, and nutrient cycling16. Balancing this trade-off between providing functional 
analogues for species support and ecosystem function is a challenge and increasing the diversity of 
native tree species is likely to be the most effective way of maintaining key functions.

Q3. What are the risks of invasive non-native species migrating to the UK from future 
climate change?

Increased species dispersal
Climate change is very likely increasing the rate at which non-native species disperse into and 
colonise the UK from mainland Europe and surrounding waters. Species which move because their 
habitat is changing due to climate change should not be considered INNS, although their possible 
impact on the UK should still be assessed and monitored. Species moved because of human activities 
such as travel and trade, should be considered INNS. Climate change will likely make it easier for 
INNS to establish themselves and could make existing native UK species more vulnerable to impacts 
of INNS as their populations will already be facing stress due to climate change.

There has been an increase in arrivals of terrestrial species that appear to have flown from mainland 
Europe, with 25 such species arriving between 1995-201217.The numbers of moths migrating each 
year to the southern UK (but not colonising) has increased by 1.3 species per year and is associated 
with warming temperatures in Spain and France18. While climate change is likely helping species 
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reach and colonise the UK, there has been no comprehensive assessment of how climate change 
increases the likelihood of INNS colonising the UK. However, climate change will make UK conditions 
more suitable for individual invasives, e.g. Ragweed (a highly allergenic plant)19 and the African 
Clawed Toad (carries amphibian diseases)20. Although present in the UK, neither species are yet 
currently widely established. 

Negative impacts on UK biodiversity and ecosystems
Climate change will increase the negative impacts caused by invasive species on UK biodiversity, 
agriculture, and the environment. There are several examples of this, such as the impact of the 
invasive great spruce bark beetle21. Its impacts are increased by drought stress in recipient forest 
communities because trees are more vulnerable to infestation22.The effect of INNS, however, is 
particularly strong in rivers and lakes23. The effects of INNS also depends on the species involved. 
Climate change will not favour all invasives24.

Southern England will experience the UK’s greatest climate change25, for three reasons: 1) the south 
experiences the UK’s greatest climate change (http://ukclimateprojections.defra.gov.uk/21708), 2) 
most birds and moths that have colonised in recent decades have first arrived in the south, and 3) 
species in mainland Europe are predominantly shifting shift northwards towards southern England.

Increased Spread of European Species to UK
Climate change is likely to cause more species native to Europe to colonise the UK26. Some potential 
impacts of European colonists have been noted. St Piran’s hermit crab colonised Cornwall from 
Europe in 2016 and has reached such high numbers on one beach that virtually no native hermit 
crabs were found (C. Patterson, personal observation). Small red-eyed damselfly, which colonised in 
1999, is associated with declines in native dragonflies and damselflies27. On the other hand, some 
European colonists might be endangered by climate change in their native range, and may merit 
protection in the UK. 

Q4. What actions should the UK take to mitigate the risk, or adapt to, climate migrations 
of invasive species?

Researchers should evaluate all INNS currently found near to the UK, prioritising those posing the 
greatest risk to biodiversity, human health and the environment. Evaluations could include 
constructing models to forecast whether climate change will affect their probability of colonising the 
UK. It is almost impossible to prevent the arrival of species that colonise the UK under their own 
powers of dispersal. Therefore, where climate change increases the ability of invasive species to 
colonise the UK using their own dispersal, the UK will be virtually unable to prevent their arrival and 
should not invest in resources trying to do so. 

The UK should consider how to extend existing conservation policy and legislation to species 
colonising from Europe due to climate change, which are not invasive and are threatened across 
their current native range.

Q5. Where should the four nations prioritise resources to tackle invasive species?

http://ukclimateprojections.defra.gov.uk/21708
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Preventing the introduction of invasive species is the most effective means of avoiding their effects. 
Failing that early detection and eradication is preferable to protracted management and control. 
The following four areas should be prioritised: 

a) Identifying and targeting high risk invaders: Pre-border biosecurity that assesses the invasive 
risk from species likely to be imported can help to prioritise which species should be banned, 
restricted and monitored28,29,30 and can also help to guide allocation of management 
resources31. 

b) Minimising propagulea pressure:  The introduction and importation of living organisms and 
exotic species should be actively discouraged through education and awareness campaigns, 
or mandatory screening and quarantine32. Understanding the key pathways of invasion (e.g. 
nursery and horticulture industry for plants33,34, pet trade for vertebrates35,36,37,38) can enable 
optimisation of biosecurity. Such efforts reduce both the propagule pressure (e.g. seed 
numbers) of individual species and the total number of species that arrive39. 

Once a species is established, eradication is seldom achieved, so containing the population is 
often the most pragmatic and cost-effective management goal40. Actions that minimise the 
transport and movement of propagules within-country can be very effective (e.g. cleaning 
boats, machinery, hiking equipment; restricting movement of stock, feed, soil). 

c) Minimising the vulnerability of habitats and prioritising management across space and time:  
Disturbed areas and habitats vulnerable to invasion can be predicted and actively monitored 
to increase the chance of early detection, and increasing chances of eradication41,42,43,44. 
Habitats that have high biodiversity or other values (e.g. SSSI, national parks), or act as a 
corridor or stepping stone for potential invasive species spread, may justify higher 
expenditure on points of entry (such as ports and airports) and surveillance, monitoring and 
management.  

Habitat fragmentation, causing isolation of populations, also limits gene flow and may 
reduce the ability of native species’ populations to adapt to changing climate and pathogen 
pressure by adaptive escape45,46. The effects of fragmentation could be overcome by 
expanding and linking existing populations, either by facilitating natural regeneration or in 
some circumstances the planting of new native trees, for example, from within the same 
region47,48,49

. However, increasing ecological connectivity could also potentially increase the 
ability of INNS moving across space and time. 

The actions detailed in the GBNNSS INNS strategy50 are still valid today but implementation 
is hindered by lack of funding or clear lines of responsibility. The responsibility lies with both 
Whitehall and devolved Governments, as such, collaborations between Governing bodies 
will be needed.  It will also be vital that any prioritisation is driven by chance of success51.

a Can be a stem cutting, seed, or spore. 



INV0054

5

Q6. How can the risk of trade and future trading relationships bringing non-native invasive 
species to the UK be mitigated?

Improving the UK’s biosecurity checks
Should the UK withdraw from the EU, there is the potential to implement more targeted, better 
resourced, and stricter biosecurity rules and regulations. This could be carried out through stricter 
border checks, tighter permit requirements, and restrictions or bans on certain high-risk imports to 
the UK. Further controls on the pet trade, for example, could help reduce the risk of some species, 
and their associated pests and diseases, from establishing in the UK. UK exports could also be 
subjected to strict checks and restrictions to prevent the UK acting as a source of INNS.

Longer term, there is an opportunity for a more consistent approach to UK biosecurity across 
introductory pathways and taxonomic groups. However, this will depend on there being enough 
trained experts. 

A Precautionary Approach
The UK should retain the precautionary principle52, and should mirror the EU IAS list of concern in 
the immediate years post-Brexit.  

A Preventative Approach
The UK’s Rapid Response plan to the threat of Asian hornet is a good example of the effectiveness of 
preventative measures.  The FERA Asian hornet Response53 Plan identifies the potential ways in 
which the hornet could enter the UK, leading to experts going to France to learn to identify the 
hornets and destroy their nests, and provided citizens and beekeepers alike with the tools for 
identification and reporting. This level of preparedness meant that although the Asian hornet had 
been sighted in the UK, there was a quick response, preventing establishment in the UK. 

Communication between trading partners
When invasions occur in the EU, there is often a time lag between outbreaks on the continent and 
the invader reaching and being detected in the UK54. Should the UK leave the EU, there may no 
longer be a legislative incentive for the UK and the EU to work together within several biosecurity 
frameworks, thereby increasing biosecurity risks through, for example, a loss of access to data and 
communication channels.  Should the UK increase trade and transport links with non-EU countries 
post-Brexit, it will be important to continue sharing data and surveillance systems with those 
countries (e.g. the DAISIE and NOBANIS databases). 

The Horizon-scanning approach55 for INNS would be useful to formally adopt post-Brexit. It aims to 
identify species that pose an invasion risk (specifically species with negative biodiversity impacts) to 
the region of focus over the next 10 years. This approach would allow the UK to target IAS 
surveillance and responses towards not only the species that pose the greatest risk, but also towards 
the introduction pathways through which high-risk species are most likely to arrive. To succeed, this 
approach will need continued sharing of databases between the EU and UK. 
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Reducing imported horticulture products
Horticultural trade is the primary way that invasive alien plant species (and species found in pots of 
soil from invasive flatworms to plant diseases) spread worldwide56, and expanding the UK 
horticulture industry so that it relies less on imports should be a priority. The example of importing 
the disease Hymenoscyphus fraxineus, which attacks both common ash and narrow-leaved ash trees, 
highlights this necessity. In October 2012, it was confirmed at a nursery in Buckinghamshire that UK 
ash trees, raised in a nursery in the Netherlands, were then imported back into the UK carrying this 
disease. It had been known since 1992 that ash trees in continental Europe were affected by ash 
dieback57, and this information should have been used as a warning sign against importing products 
which could carry this debilitating fungal disease58,59

.

Controlling Marine INNS
Marine INNS are particularly difficult to deal with, so trade deals regarding marine transport need to 
consider ways to prevent INNS arriving in UK waters. The International Convention for the Control 
and Management of Ships' Ballast Water and Sediments (BWM), which the UK has implemented60, 
has been put forward as one solution to the spread of marine INNS. A better understanding is also 
required of the trade-off between the effect of the current use of oxidizing chemicals (i.e. the 
treatment of ballast water) on water quality and marine biodiversity versus how well this prevents 
biosecurity threats61. There may be alternative, less damaging approaches to treating ballast water, 
such as using on-board installation systems which do not use oxidizing chemicals, whilst also 
addressing the threat of INNs. 

Q7. How effective have the European Union’s Invasive Alien Species Regulations been at 
addressing and tackling invasive species?

The UK’s domestic legislation on INNS, principally the Wildlife and Countryside Act 1981, is broadly 
focused on preventing the distribution of INNS. The list of species this legislation applies to is very 
limited and not reflective of the extensive data available in the GB-INNSIP. The EU’s Invasive Alien 
Species (IAS) Regulation significantly enhances the UK’s ability to deal with INNS. 

Polluter Pays Principle
EU IAS Regulation provides some preventative, reactive and management measures for tackling 
INNS. The management measures include the responsibility of restoring damaged or destroyed 
ecosystems by Member States, based on the polluter pays principle. Hence, the polluter pays 
principle is a vital component of INNS management and should be converted as faithfully and fully 
into UK law. 

Q8. In the event of EU exit, how should the UK establish its replacement for the European 
Commission’s scientific forum to update the species list of concern?

The EU IAS list should be adapted to represent the key problematic and potentially problematic INNS 
for the UK. Currently some widespread INNS around the UK are not covered by the EU IAS list, yet 
they are causing substantial damage. Future UK-specific list(s) include tackling IAS which are already 
well established in the UK. 
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It is imperative that the addition of any INNS added to future list(s) within the UK is underpinned by 
rigorous, transparent, evidence-informed risk assessments that have passed through an equivalent 
to the EU scientific forum and Committee on IAS.  This list will need to be updated regularly as new 
threats are identified. The GB NNSS strategy should require action where INNS information is 
provided.

The UK should look to build and adequately resource a world-class research facility to ensure it has 
the data and the expertise to tackle the threat of invasive species posed by climate change and new 
introduction pathways. 

Q9. How should the UK work with the European Commission and others internationally to 
reduce the risk of invasive species? 

Please see answer to Q6. 

May 2019

1 Jill, K. (2017). Tackling Invasive Non-Native Species in the UK Overseas Territories: Gap Analysis of Biosecurity Capacity.
2 Churchyard, T., Eaton, M., Hall, J., Millett, J., Farr, A., Cuthbert, R. and Stringer, C.  (2014) The UK’s wildlife overseas: a 
stocktake of nature in our Overseas Territories.  RSPB, Sandy, UK.
3 Roy, H. (2018). CEH website. [online]. Available at: https://www.ceh.ac.uk/news-and-media/blogs/predicting-invasive-
non-native-species-arrivals-british-indian-ocean-territory
4 Animal and Plant Health Agency (APHA). (2017). Annual Report and Accounts 2016/2017.  HC 189. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/632892/apha-16-17-
ara.pdf
5 UK Parliament. (2018). Written questions and answers. [online] Available at: 
https://www.parliament.uk/business/publications/written-questions-answers-statements/written-
questionsanswers/?page=1&max=20&questiontype=AllQuestions&house=commons%2clords&member=4551 
6 Williamson, F., Eschen, R., Harris, A., Djeddour, D., Pratt, C., Shaw, R. S. Varia, S., Lamontange-Godwin, J., Thomas, S. E., 
Murphy, S. T. (2010). The Economic Cost of Invasive Non-Native Species on Great Britain (CABI Project No. VM100066).
7 Chapman, D., Purse, B. V., Roy, H. E., Bullock, J. M. (2017) Global trade networks determine the distribution of invasive 
non-native species. Global Ecology and Biogeography, 26(8), pp. 907-917.
8 Brook Lyndhurst Ltd. (2015). Local Actions Groups for Managing Invasive Non-Native Species. A research review for Defra. 
Available at: www.nonnativespecies.org/downloadDocument.cfm?id=1417
9 Ministry for Primary Industries. (2018). Protection & Response: Biosecurity 2020. New Zealand Government. Available at: 
https://www.mpi.govt.nz/protection-and-response/biosecurity/biosecurity-2025/ 
10 Ministry for Primary Industries. (2018). Protection & Response: A biosecurity team of 4.7 million. New Zealand 
Government. Available at: https://www.biosecurity.govt.nz/dmsdocument/14857 
11 Mitchell, R. J., Beaton, J. K., Bellamy, P. E., Broome, A., Chetcuti, J., Eaton, S., Ellis, C. J., Gimona, A., Harmer, R., Hester, A. 
J., Hewison, R. L., Hodgetts, N. G., Iason, G. R., Kerr, G., Littlewood, N. A., Newey, S., Potts, J. M., Pozsgai, G., Ray, D., Sim, 
D.A., Stockam, J. A., Taylor, A. F. S., Woodward, S. (2014). Ash dieback in the UK: A review of ecological and conservation 

https://www.ceh.ac.uk/news-and-media/blogs/predicting-invasive-non-native-species-arrivals-british-indian-ocean-territory
https://www.ceh.ac.uk/news-and-media/blogs/predicting-invasive-non-native-species-arrivals-british-indian-ocean-territory
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/632892/apha-16-17-ara.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/632892/apha-16-17-ara.pdf
https://www.biosecurity.govt.nz/dmsdocument/14857


INV0054

8

implication and potential management options. Biological Conservation, 175: pp.95-109.
12 Broome, A. and Mitchell, R. J. (2017). Ecological impacts of ash dieback and mitigation methods, (Research Note 029) 
Forestry Commission.  
13 Lawrence, R. and Cheffing, C. M. (2014). A summary of the impacts of ash dieback on UK biodiversity, including the 
potential for long-term monitoring and further research on management scenarios (Report No. 501). Joint Nature 
Conservation Committee (JNCC).
14 Broome, A. and Mitchell, R. J. (2017). Ecological impacts of ash dieback and mitigation methods, (Research Note 029) 
Forestry Commission.
15 Mitchell, R.J. , Broome, A, Beaton, J.K., Bellamy, P.E., Ellis, C.J., Hester, A.J, Hodgetts, N.G., Iason, G.R., Littlewood N.A., 
Newey, S., Pozsgai, G., Ramsay, S., Riach, D., Stockan, J.A., Taylor, A.F.S., Woodward, S. (2017) Challenges in assessing the 
ecological impacts of tree diseases and mitigation measures: the case of Hymenoscyphus fraxineus and Fraxinus excelsior. 
Baltic Forestry, 23, pp 116-140.
16 Mitchell, R.J., Pakeman, R.J., Broome, A, Beaton, J.K., Bellamy, P.E., Brooker, R.W., Ellis, C.J., Hester, A.J., Hodgetts N.G., 
Iason, G.R., Littlewood, N.A., Pozsgai, G., Ramsay, S., Riach, D., Stockan, J.A., Taylor, A.F.S., Woodward, S. (2016) How to 
replicate the functions and biodiversity of a threatened tree species? The case of Fraxinus excelsior in Britain. Ecosystems. 
19, pp 573-596. 
17 Gurney, M. (2015). Gains and losses: extinctions and colonisations in Britain since 1900. Journal of the Linnean Society 
115, pp. 573-585, doi:10.1111/bij.12503
18 Sparks, H. T., Dennis, L. H. R., Croxton, J. P., CADE, M. (2007). Increased migration of Lepidoptera linked to climate 
change. European Journal of Entomology, 104, pp.139-143.
19 Chapman, D. S., Haynes, T., Beal, S., Essl, F. & Bullock, J. M. (2014). Phenology predicts the native and invasive range 
limits of common ragweed. Global Change Biology, 20, pp. 192-202
20 Ihlow F., Courant J., Secondi J., Herrel A., Rebelo R., Measey G.J., et al. (2016). Impacts of Climate Change on the Global 
Invasion Potential of the African Clawed Frog Xenopus laevis. PLoS ONE 11(6): e0154869. 
https://doi.org/10.1371/journal.pone.0154869
21 Berg, E.E., Henry, J.D., Fastie, C.L., De Volder, A.D., Matsuoka, S.M. (2006). Spruce beetle outbreaks on the Kenai 
Peninsula, Alaska, and Kluane National Park and Reserve, Yukon Territory: Relationship to summer temperatures and 
regional differences in disturbance regimes. Forest Ecology and Management, 227 pp. 219–232.
22 Weed, A. S., Ayres, M. P., Hicke, J. A. (2013). Consequences of climate change for biotic disturbances in North American 
forests. Ecological Monographs. 83, pp. 441–470.
23 Sorte, C. J. B. et al. Poised to prosper: a cross-system comparison of climate change impacts on native and non-native 
species performance. Ecol Lett (2012).
24Sorte, C. J. B., I Ibáñez, I., Blumenthal, D.M.,  Molinari, N. A.,  Miller, L.P., Grosholz, E.D., Diez, J.M., D'Antonio, C. M.,  
Olden, J.D., Jones, S.J., Dukes, J.S. (2013). Poised to prosper: a cross-system comparison of climate change impacts on 
native and non-native species performance. Ecological Letters, (2012).
25 http://ukclimateprojections.defra.gov.uk/21708
26Fridley, J. D. & Sax, D. F. The imbalance of nature: revisiting a Darwinian framework for invasion biology. (2014). Global 
Ecology and Biogeogeography, https://doi.org/10.1111/geb.12221
27 Cox, D. (2013) What impact is the invasion of the small red-eyed damselfly Erythromma viridulum having on native 
British species of Odonata? MSc Aquatic Science, thesis, University College London.
28 Pheloung, P. C., Williams, P. A., Halloy, S. R. (1999). A weed risk assessment model for use as a biosecurity tool evaluating 
plant introductions. Journal of Environmental Management, 57, pp. 239-251.
29 Gassó, N., Basnou, C., Vilà, M. (2010). Predicting plant invaders in the Mediterranean through a weed risk assessment 
system. Biological Invasions, 12, pp. 463-476.
30 Weber, J., Panetta, F. D.,  Virtue, J., Pheloung, P. (2009). An analysis of assessment outcomes from eight years’ operation 
of the Australian border weed risk assessment system. Journal of Environmental Management, 90, pp.798-807.
31 Paini, D. R., Worner, S. P., Cook, D. C., De Barro, P. J., Thomas, M. B. (2010). Threat of invasive pests from within national 
borders. Nature Communications, 1, pp. 115.
32 Huiskes, A. H. L., Gremmen, N. J. M., Bergstrom, D. M., Frenot, Y., Hughes, K. A., Imura, S., Kiefer, K.,  Lebouvier, M., Lee, 
J. E., Tsujimoto, M., Ware, C.,  Van de Vijver, B., Chown, S. L. (2014). Aliens in Antarctica: Assessing transfer of plant 
propagules by human visitors to reduce invasion risk. Biological Conservation, 171, pp. 278-284.
33 Dehnen-Schmutz, K., J. Touza, C. Perrings, and M. Williamson. (2007a). A century of the ornamental plant trade and its 
impact on invasion success. Diversity and Distributions, 13, pp. 527-534.
34 Dehnen-Schmutz, K. J., Perrings, T.C., Williamson. M. (2007b). The horticultural trade and ornamental plant invasions in 
Britain. Conservation Biology. 21, pp. 224-231.
35 Cardador, L.,  Tella,  J. L., Anadón,  J.D., Abellán, P., Carrete, M. (2019). The European trade ban on wild birds reduced 
invasion risks. Conservation Letters, https://doi.org/10.1111/conl.12631  
36 Carrete, M., and  J. Tella (2008.) Wild-bird trade and exotic invasions: a new link of conservation concern. Frontiers in 
Ecology and the Environment 6, pp. 207-211. https://doi.org/10.1890/070075
37Su, S., P. Cassey, and T. M. Blackburn. (2016). The wildlife pet trade as a driver of introduction and establishment in alien 
birds in Taiwan. Biological Invasions, 18, pp. 215-229.
38 Derraik, J. G. B., and S. Phillips. (2010). Online trade poses a threat to biosecurity in New Zealand. Biological Invasions, 

https://doi.org/10.1371/journal.pone.0154869
http://ukclimateprojections.defra.gov.uk/21708
https://doi.org/10.1111/geb.12221
https://doi.org/10.1111/conl.12631
https://doi.org/10.1890/070075


INV0054

9

12, pp. 1477-1480.
39 Lockwood, J. L.,  Cassey, P., Blackburn, T. M. (2009). The more you introduce the more you get: the role of colonization 
pressure and propagule pressure in invasion ecology. Diversity and Distributions, 15, pp. 904-910.
40 Dodd, A. J., N. Ainsworth, M. A. Burgman, McCarthy, M. A. (2015b). Plant extirpation at the site scale: implications for 
eradication programmes. Diversity and Distributions, 21, pp. 151-162.
41 Hauser, C. E., and M. A. McCarthy (2009). Streamlining 'search and destroy': cost-effective surveillance for invasive 
species management. Ecology Letters, 12, pp.683-692.
42Schmidt, D., D. Spring, R. M. Nally, J. R. Thomson, B. W. Brook, O. Cacho, McKenzie, M. (2010). Finding needles (or ants) in 
haystacks: predicting locations of invasive organisms to inform eradication and containment. Ecological Applications, 20, 
pp. 1217-1227.
43Catford, J. A., Vesk, P. A., White, M. D., Wintle, B. A. (2011). Hotspots of plant invasion predicted by propagule pressure 
and ecosystem characteristics. Diversity and Distributions, 17, pp. 1099-1110.
44 Dodd, A., M. McCarthy, N. Ainsworth, Burgman, M. (2015a). Identifying hotspots of alien plant naturalisation in Australia: 
approaches and predictions. Biological Invasions, pp. 1-15.
45 Ennos, R.A. (2015) Resilience of forests to pathogens: an evolutionary ecology perspective. Forestry. 88, pp 41–52. 
doi:10.1093/forestry/cpu048.
46 Woodcock, P., Cottrell, J.E.,   Buggs, R.J.A.,  Quine, C.P. (2018) Mitigating pest and pathogen impacts using resistant trees: 
a framework and overview to inform development and deployment in Europe and North America. Forestry. 91, pp 1–16. 
47 Lawton, J.H., Brotherton, P.N.M., Brown, V.K., Elphick, C., Fitter, A.H., Forshaw, J., Haddow, R.W., Hilborne, S., Leafe, 
R.N., Mace, G.M., Southgate, M.P., Sutherland, W.J., Tew, T.E., Varley, J., Wynne, G.R. (2010) Making Space for Nature: a 
review of England’s wildlife sites and ecological network. Report to Defra.
48 Forestry Commission (2017) The UK Forestry Standard. 4th Edition.
49 Ennos, R.A. (2015) Resilience of forests to pathogens: an evolutionary ecology perspective. Forestry. 88, pp 41–52. 
doi:10.1093/forestry/cpu048.
50 GBNNSS. (2015) The Great Britain Invasive Non-native Species Strategy
51 Booy, O. (2017). Risk management to prioritise the eradication of new and emerging invasive non-native species. 
Biological  Invasions,19, pp. 2401-2417
52 EUR-Lex. (2015). The precautionary principle: Summaries of EU legislation. Communication (COM(2000)). Available at:  
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM%3Al32042 
53 Defra. (2017). Pest Specific Contingency Plan: Asian Hornet (Vespa velutina nigrithorax). Available at: 
www.nationalbeeunit.com/downloadDocument.cfm?id=675 
54Roy, H., Peyton, J., Aldridge, D., Bantock, T., Blackburn, T., Britton, R., Clark, P., Cook, E., Dehnen-Schmutz, K., Dines, T., 
Dobson, M., Edwards, F., Harrower, C., Harvey, M., Minchin, D., Noble, D., Parrott, D., Pocock, M., Preston, C., Roy, S., 
Salisbury, A., Schönrogge, K., Sewell, J., Shaw, R., Stebbing, P., Stewart, A. and Walker, K. (2014). Horizon scanning for 
invasive alien species with the potential to threaten biodiversity in Great Britain. Global Change Biology, 20(12): pp.3859-
3871.
55 Roy, H., Peyton, J., Aldridge, D., Bantock, T., Blackburn, T., Britton, R., Clark, P., Cook, E., Dehnen-Schmutz, K., Dines, T., 
Dobson, M., Edwards, F., Harrower, C., Harvey, M., Minchin, D., Noble, D., Parrott, D., Pocock, M., Preston, C., Roy, S., 
Salisbury, A., Schönrogge, K., Sewell, J., Shaw, R., Stebbing, P., Stewart, A. and Walker, K. (2014). Horizon scanning for 
invasive alien species with the potential to threaten biodiversity in Great Britain. Global Change Biology, 20(12): pp.3859-
3871.
56 Hulme, P., Brundu, G., Carboni, M., Dehnen-Schmutz, K., Dullinger, S., Early, R., Essl, F., González-Moreno, P., Groom, Q., 
Kueffer, C., Kühn, I., Maurel, N., Novoa, A., Pergl, J., Pyšek, P., Seebens, H., Tanner, R., Touza, J., van Kleunen, M., 
Verbrugge, L. (2017). Integrating invasive species policies across ornamental horticulture supply chains to prevent plant 
invasions. Journal of Applied Ecology, 55(1), pp.92-98.
57 Woodward, S. and Boa, E. (2013). Ash dieback in the UK: a wake-up call. Molecular Plant Pathology,14(9), pp.856-860.
58 Forestry Commission. (2018). Chalara dieback of ash - tree pests and diseases. [online] Available at: 
https://www.forestry.gov.uk/ashdieback 
59 B Broome, A. and Mitchell, R. J. (2017). Ecological impacts of ash dieback and mitigation methods, (Research Note 029) 
Forestry Commission.
60 Gov.uk. (2018). MIN 544 Control, Management of Ships' Ballast Water and Sediments - GOV.UK. [online] Available at: 
https://www.gov.uk/government/publications/min-544-mf-international-convention-for-the-control-andmanagement-of-
ships-ballast-water-and-sediments-2004
61 Werschkun, B., Banerji, S., Basurko, O., David, M., Fuhr, F., Gollasch, S., Grummt, T., Haarich, M., Jha, A., Kacan, S., 
Kehrer, A., Linders, J., Mesbahi, E., Pughiuc, D., Richardson, S., Schwarz-Schulz, B., Shah, A., Theobald, N., von Gunten, U., 
Wieck, S. and Höfer, T. (2014). Emerging risks from ballast water treatment: The run-up to the International Ballast Water 
Management Convention. Chemosphere., 112, pp.256-266.

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

