
CONTAIN: Optimising the long-term management of invasive alien
species using adaptive management

Lambin, X., Burslem, D., Caplat, P., Cornulier, T., Damasceno, G., Fasola, L., Fidelis, A., García-Díaz, P.,
Langdon, B., Linardaki, E., Montti, L., Moyano, J., Nuñez, M. A., Palmer, S. C. F., Pauchard, A., Phimister, E.,
Pizarro, J. C., Powell, P., Raffo, E., ... Verdugo, C. (2020). CONTAIN: Optimising the long-term management of
invasive alien species using adaptive management. NeoBiota, 59, 119-138.
https://doi.org/10.3897/neobiota.59.52022
Published in:
NeoBiota

Document Version:
Peer reviewed version

Queen's University Belfast - Research Portal:
Link to publication record in Queen's University Belfast Research Portal

Publisher rights
Copyright 2020 Pensoft.This work is made available online in accordance with the publisher’s policies. Please refer to any applicable terms
of use of the publisher.

General rights
Copyright for the publications made accessible via the Queen's University Belfast Research Portal is retained by the author(s) and / or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal requirements associated
with these rights.

Take down policy
The Research Portal is Queen's institutional repository that provides access to Queen's research output. Every effort has been made to
ensure that content in the Research Portal does not infringe any person's rights, or applicable UK laws. If you discover content in the
Research Portal that you believe breaches copyright or violates any law, please contact openaccess@qub.ac.uk.

Download date:23. May. 2023

https://doi.org/10.3897/neobiota.59.52022
https://pure.qub.ac.uk/en/publications/9cfaa0a3-7d00-455c-99a0-01e7a58e123c


 

1 
 

CONTAIN: Optimising the long-term management of invasive alien species using 1 

adaptive management 2 

LAMBIN1 X.; BURSLEM1 D.F.R.P. ; CAPLAT2, P.; CORNULIER1 T.; DAMASCENO8, G.; FASOLA10, 3 

L.; FIDELIS8, A.; GARCIA DIAZ1, P.; LANGDON5, B.; LINARDAKI1, 4,9, E.; MONTTI3,6, L. MOYANO7, 4 

J.F.; NUÑEZ7, M.A.; PALMER1, S.C.F.; PAUCHARD5, A.; PHIMISTER1, E.; PIZARRO12, J.C.; 5 

POWELL3, P.A.; RAFFO9, E.; RODRÍGUEZ-JORQUERA4, I.A.; ROESLER11, I.; TOMASEVIC4, J.A.; 6 

TRAVIS1, J.M.J.; VERDUGO4, C. 7 

Corresponding author: Xavier Lambin (x.lambin@abdn.ac.uk) 8 

1 University of Aberdeen, Aberdeen AB24 2TZ, UK  9 

2 Queens University Belfast, UK. 10 

3 Instituto de Ecología Regional (UNT-CONICET) Tucumán, Argentina. 11 

4 Centro de Humedales Río Cruces (CEHUM), Universidad Austral de Chile, Valdivia, Chile 12 

5 Laboratorio de Invasiones Biológicas (LIB), Facultad de Ciencias Forestales, Universidad de 13 

Concepción, Chile. 14 

6 Instituto de Investigaciones Marinas y Costeras (IIMyC-CONICET), Instituto de Geología de 15 

Costas-CIC, Universidad Nacional de Mar del Plata, Argentina. 16 

7 Grupo de Ecología de Invasiones, INIBIOMA-UNComa, CONICET, Bariloche, Argentina 17 

8 Lab of Vegetation Ecology, Instituto de Biociências, Universidade Estadual Paulista (UNESP), 18 

Rio Claro, Brazil. 19 

9 Servicio Agrícola y Ganadero (SAG), Los Ríos region, Chile. 20 

10 Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET)-Dirección Regional 21 

Patagonia Norte, Administración de Parques Nacionales. Aves Argentinas-Asociación 22 

Ornitológica del Plata, Argentina 23 

11 Departamento de Ecología, Genética y Evolución & Instituto de Ecología, Genética y 24 

Evolución de Buenos Aires (IEGEBA-CONICET), Facultad de Ciencias Exactas y Naturales, 25 

Universidad de Buenos Aires. Aves Argentinas-Asociación Ornitológica del Plata , Argentina 26 

12 Laboratorio de Estudios del Antropoceno (LEA), Facultad de Ciencias Forestales, 27 

Universidad de Concepción, Chile. 28 

 29 

 30 

 31 

 32 



 

2 
 

Abstract 33 

 34 

Invasive alien species (IAS) threaten biodiversity, ecosystem functions and services, modify 35 

landscapes and impose costs to national economies. Management efforts are underway 36 

globally to reduce these impacts, but little attention has been paid to optimising the use of the 37 

scarce available resources when IAS are impossible to eradicate, and therefore population 38 

reduction and containment of their advance are the only feasible solutions. 39 

CONTAIN, a three-year multinational project involving partners from Argentina, Brazil, Chile 40 

and the UK started in 2019. It develops and tests via case study examples a decision-making 41 

toolbox for managing different problematic IAS over large spatial extents. Given that vast areas 42 

are invaded, spatial prioritisation of management is necessary, often based on sparse data. In 43 

turn, these characteristics imply the need to make the best decisions possible under likely heavy 44 

uncertainty. 45 

Our decision-support toolbox will integrate the following components:  46 

(i) the relevant environmental, social, cultural, and economic impacts, including their spatial 47 

distribution;  48 

(ii) the spatio-temporal dynamics of the target IAS (focusing on dispersal and population 49 

recovery); 50 

(iii) the relationship between the abundance of the IAS and its impacts;  51 

(iv) economic methods to estimate both benefits and costs to inform the spatial prioritisation of 52 

cost-effective interventions. 53 

To ensure that our approach is relevant for different contexts in Latin America, we are working 54 

with model species having contrasting modes of dispersal, which have large environmental 55 

and/or economic impacts, and for which data already exist (invasive pines, privet, wasps, and 56 

American mink). We will also model plausible scenarios for data-poor pine and grass species, 57 

which impact local people in Argentina, Brazil and Chile.  58 

We seek the most effective strategic management action supported by empirical data on the 59 

species’ population dynamics and dispersal that underpin reinvasion, and on intervention costs 60 

in a spatial context. Our toolbox serves to identify key uncertainties driving the systems, and 61 

especially to highlight gaps where new data would most effectively reduce uncertainty on the 62 

best course of action. The problems we are tackling are complex, and we are embedding them 63 
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in a process of co-operative adaptive management, so that both researchers and managers 64 

continually improve their effectiveness by confronting different models to data. Our project is 65 

also building research capacity in Latin America by sharing knowledge/information between 66 

countries and disciplines (i.e., biological, social and economic), by training early-career 67 

researchers through research visits, through our continuous collaboration with other 68 

researchers and by training and engaging stakeholders via workshops. Finally, all these 69 

activities will establish an international network of researchers, managers and decision-makers. 70 

We expect that our lessons learned will be of use in other regions of the world where complex 71 

and inherently context-specific realities shape how societies deal with IAS. 72 

 73 

Keywords 74 
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Introduction  80 

Globally, invasive alien species (IAS) threaten biodiversity, ecosystem functions and services, 81 

modify landscapes and traditional livelihoods, and impose costs to national economies. The 82 

impacts of IAS are increasingly being documented worldwide (e.g. Simberloff et al. 2013, 83 

Haider et al. 2018, Taylor et al. 2019). Eradication efforts have been successful in island 84 

ecosystems or during the early stages of invasions, but their results are very limited for most of 85 

the worst invaders in continental situations (Jones et al 2016). In contrast, population reduction 86 

and containment of existing populations are critical to reducing the cumulative impacts of those 87 

IAS that cannot be eradicated (Bomford and O’Brien 1995). This is because the prevention and 88 

detection have failed for numerous IAS; eradication is often not possible for IAS with cultural or 89 

economic importance, or that are already widespread (Iriarte et al. 2005; Novillo and Ojeda 90 

2008). A variety of frameworks have accordingly been developed to help manage these IAS, 91 

but the lack of available management tools remains a constraint on the ability of resource 92 

managers to develop long-term management plans (Larson et al. 2011). Responding to the 93 

challenge of established IAS requires the urgent development and implementation of evidence-94 

based policy and decision-making systems for evaluating cost-effective strategies that limit their 95 

populations and reduce their impacts without eradication.  96 

 97 

While there have been many advances in control techniques and management plans for 98 

species- and context-specific cases, multiple opportunities remain to advance in more holistic 99 

cross-taxa approaches. This is particularly pressing in developing regions, such as Latin 100 

America, where resources for management are extremely scarce, knowledge and data are 101 

limited, and the threat of IAS is large and increasing (Nuñez and Pauchard 2010). In these 102 

circumstances, managers must often shift their focus to a combination of slowing down or 103 

containing the invasion complemented with the long-term management of established 104 

populations in subsets of invaded areas where this is both practically feasible and cost-105 

effective. For these strategies to be effective over their long operational horizons, there is a 106 

need to minimise reinvasion from existing populations, which in turn leads to recurring costs as 107 

the pressure from these populations remains constant across time. Local communities and 108 

management authorities bear those costs, and management must be optimised to minimise 109 

expenditure while retaining crucial ecosystem services and allowing the sustainable economic 110 

development of local communities.  111 
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 112 

The long-term management of IAS is plagued with uncertainties and complexities. While much 113 

of the invasion science literature contributes to the understanding of the mechanisms 114 

underpinning biological invasions, the exchange of resources and information on how to deal 115 

appropriately with established IAS in different social, economic, and ecological systems is 116 

substantially less advanced. Adaptive management or ‘learning by doing’ provides a suitable 117 

framework to create collaborative and interdisciplinary approaches focused on resolving the 118 

problems associated with IAS (Allen 2000, Johnson et al. 2015). Adaptive management 119 

involves specifying dynamic models of the case-study system, parameterized with empirical 120 

data and recursively updated by monitoring the response of the system to management 121 

interventions. This approach helps contend with uncertainties, incorporates existing knowledge 122 

in a quantitative fashion, considers the different dimensions of IAS management, and evaluates 123 

the adequacy of the interventions.  124 

 125 

Our aim in this paper is to introduce an applied three-year multinational project and a group of 126 

more than 20 researchers and practitioners from Brazil, Argentina, Chile and the UK, which 127 

seeks to improve the strategic, long-term management of harmful IAS that cannot be eradicated 128 

and must be managed. Our work centres around four priority, data rich, and six secondary, 129 

relatively data-poor, problematic exemplar species established in Latin America. Our priority 130 

species are the glossy privet (Ligustrum lucidum – privet hereafter) in Argentina, pines in Chile 131 

and Argentina (Pinus contorta and P. radiata - pines hereafter), and the American mink 132 

(Neovison vison - mink hereafter) in Chile and Argentina. Secondary, relatively data-poor, 133 

species are the yellowjacket wasp in Chile (Vespula germanica – yellowjacket hereafter), 134 

invasive African grasses (Urochloa decumbens, U. brizantha), and the pines P. elliottii and P. 135 

taeda in Brazil and Argentina. The name of this project (CONTAIN) refers to the impossibility 136 

of IAS eradication and the need for containment of their population growth and impacts in the 137 

face of reinvasion.  138 

 139 

Latin America, our study system 140 

A colonial history and a heavy reliance on horticulture, industrialised agriculture, forestry, and 141 

aquaculture, resulted in the introduction of numerous alien species in Latin America. For 142 
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example, 18 alien mammal species are present in Latin America (20% of world mammalian 143 

species introduced), creating a hotspot of alien mammals in the southern temperate ecoregion 144 

of South America (Iriarte et al. 2005; Novillo and Ojeda 2008). Some of these alien species 145 

became damaging IAS, and now pose substantial problems. Some ecosystems are being 146 

fundamentally transformed by these IAS, as they dominate landscapes and drive major 147 

ecological processes. These include the novel communities of muskrat (Ondatra zibethicus), 148 

Canadian beaver (Castor canadensis), and mink now found in parts of Patagonia (Fasola and 149 

Valenzuela 2014). Notably, one recent study estimated that should Canadian beaver occupy 150 

all its suitable habitat in Tierra Del Fuego islands, it would result in >1 million tonnes of carbon 151 

being released to the atmosphere as a result of dam-building (Papier et al. 2019). Many plants 152 

with known invasive potential have also been introduced to support horticulture and forestry, as 153 

well as for ornamental purposes and pastures. Some of these species became invasive while 154 

others are naturalized and only now are beginning to spread across both semi-natural and 155 

human-disturbed ecosystems. These IAS include several Pinus species (specifically, P. radiata, 156 

P. contorta, P. elliottii), which have been described as representing a potential time-bomb, or 157 

invasion debt, based on their impacts elsewhere (Taylor et al. 2019). IAS from other taxa are 158 

also raising concerns such as the glossy privet, an evergreen tree dispersed by native birds. 159 

These species disrupt successional processes in forests in many parts of the world, threatening 160 

biodiversity and ecosystem services (Richardson and Rejmánek 2011). Besides impacting 161 

vegetation dynamics (Damasceno et al. 2018), African invasive grasses are changing fire 162 

regimes due to the increase in fuel load, leading to more intense and severe fires in tropical 163 

savannas such as those covering large tracts of Brazil (Gorgone-Barbosa et al. 2015). 164 

Introduced carnivorous Vespula wasps notoriously restructure communities and alter resource 165 

flows, having a detrimental impact on pollination services and the apicultural industry in many 166 

parts of the world, including Latin America (Lester and Beggs 2019).  167 

 168 

Project approach  169 

Following the tenets of adaptive management, we will develop and trial on the ground a 170 

decision-support toolbox to allocate management interventions in space and time effectively, 171 

based on conceptual and practical advances from IAS management practices in e.g. New 172 
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Zealand, Australia, and the United States (e.g. Baker 2017).  The key elements of this decision-173 

support toolbox include:  174 

(i) the relevant environmental, social, cultural and economic impacts of IAS, including their 175 

spatial and temporal distribution;  176 

(ii) the spatio-temporal dynamics of the target species, with a focus on understanding and 177 

forecasting how dispersal and population recovery after management shape reinvasion 178 

and spread;  179 

(iii) the relationship between the abundance of the focal IAS and its relevant impacts in the 180 

focal areas;  181 

(iv) economic methods to estimate both the benefits and costs of interventions to spatially 182 

develop and rank prioritisation of cost-effective actions to manage interventions 183 

associated with IAS in space and time.  184 

We seek to integrate the components described above in a mechanistic and streamlined 185 

fashion adapted to the idiosyncrasies and local context of our case studies in Latin America. 186 

To do so, we need to identify rules for selecting management strategies based on species’ life 187 

histories, environmental goals, and socio-economic objectives. Indeed, planning durable IAS 188 

management requires determining the extent to which abundance of IAS should be reduced. 189 

Specifying what residual density is tolerable is a socio-ecological question involving 190 

consideration of the resilience of native species to IAS, the economic costs of IAS damage and 191 

the management costs required to achieve the residual density. Such costs typically rise 192 

exponentially as density decreases (Holmes et al. 2015). Furthermore, the ability of native 193 

species and ecosystem functions to be maintained in the presence of IAS is highly variable 194 

(Bradley et al. 2019). Different species and economic activities have different density-impact 195 

functions on native biota (Norbury et al. 2015). Some highly vulnerable species are devastated 196 

by even occasional incursions (e.g. predator-naïve flightless birds, Blackburn et al. 2004), while 197 

others can persist under low to moderate IAS density. The propensity of a small number of IAS 198 

individuals (e.g. small tree stands) to fuel the further spread of IAS also varies according to 199 

species traits, impinging on what residual density is manageable (Yokomizo et al. 2009). Thus, 200 

specifying management objectives in a spatial and temporal context is non-trivial, and indeed, 201 

it is often the case that such objectives are lacking or only vaguely articulated.  202 

 203 
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We identify the dispersal dynamics of IAS as critical to the success of management strategies, 204 

representing both a challenge and an opportunity. Whether mainly active (in animals) or passive 205 

(in plants), dispersal is notoriously subject to complex patterns of density and resource 206 

dependence. Propagule pressure after the naturalization stage may depend upon the age and 207 

stage structure of the source populations (Travis et al. 2011) and may be constrained by the 208 

permeability of the environment (Schurr et al. 2008). Yet, despite rapid advances in the 209 

understanding of dispersal biology, a knowledge gap exists in how to use this understanding to 210 

reduce the negative impacts of IAS on native species. A better understanding of IAS dispersal 211 

strategies may expose their vulnerabilities and incorporating such knowledge could improve 212 

management efficiency. For instance, depending on the target species, control may be more 213 

effective if performed in areas that act as sources (Baker 2017), or where active dispersers may 214 

be intercepted before they reach vulnerable areas (Caplat et al. 2014). Other species, such as 215 

the mink, may be best controlled if habitat selection by dispersers makes them settle reliably in 216 

high quality sites that are turned into ecological traps through targeted culling (Melero et al. 217 

2018).  218 

 219 

A final crucial issue to consider is that there is scant guidance for practitioners on how to 220 

allocate limited effort spatially, given that IAS spread through active or seed dispersal. This is 221 

necessary, as it has been recognized that there is spatial heterogeneity in IAS impacts within 222 

invaded landscapes (Latzka et al. 2016), and it is also known that impacts often increase 223 

exponentially with IAS density (Norbury et al. 2015; Bradley et al. 2019). Considering this 224 

explicitly is a key novelty of CONTAIN. Different management actions can target different 225 

stages of IAS spread, and the effects of management depend largely on the spatial 226 

configuration of the targeted area and on spatial aspects of spread. Source areas may produce 227 

propagules that spread through the landscape, fuelling reinvasion and further spread of the 228 

IAS. Their success depends on the behaviour of dispersers, and the spatial and temporal 229 

variation in establishment success. The latter often co-varies with gradients in habitat quality 230 

and conspecific density, including those created by management. Thus, the redistribution of 231 

IAS in space in response to management actions may create ‘halos’ of decreased density 232 

spanning larger areas and delivering collateral benefits to local communities using natural 233 

resources in the vicinity of management action (Glen et al. 2013). Conversely, compensatory 234 

reproduction and dispersal (or increased establishment rate) may negate the impact of 235 
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interventions according to the prevailing flux of dispersers or variation in the effects of land-use 236 

on establishment. Exploiting the potential predictability in the patterns of dispersal-driven 237 

reinvasion is particularly valuable in areas where access is limited or difficult and agencies 238 

would require substantial resources to tackle IAS. Therefore, this predictability can be 239 

harnessed to optimise management operations in challenging and uncertain circumstances. 240 

 241 

Preserving and enhancing the livelihoods and biodiversity affected by the most damaging IAS 242 

in Latin America is likely to require recurrent management interventions extending in perpetuity. 243 

This challenge is ideally suited for adaptive management. Despite its success for achieving 244 

good outcomes, implementations of formal adaptive management approaches are scarce, 245 

owing to a lack of suitably trained staff able to operate in an interdisciplinary context at the 246 

interface between quantitative research and management (Williams et al. 2009). This deficit of 247 

human capacity in Latin America is critical, and even though there are increasing efforts to 248 

manage IAS, they do not necessarily contribute to an applied body of knowledge, and they 249 

sometimes lack a solid scientific foundation, which increases costs and reduces effectiveness. 250 

We present a programme of research and reciprocal knowledge transfer representing a 251 

genuine, multi-country partnership using an adaptive management approach for tackling the 252 

challenges of securing biodiversity for sustainable livelihoods and economy and for maintaining 253 

and restoring natural capital in the face of IAS.  254 

 255 

Methodology 256 

Our project is organised around five work packages (WPs, Figure 1). The sequence of the WPs 257 

fits the adaptive management and forecasting cycle, which presupposes  258 

(i) development of an initial model of the system using whatever data are available,  259 

(ii) use of the model to identify key parameters and uncertainties,  260 

(iii) design and collection of data to address those uncertainties,  261 

(iv) specifying and exploring management scenarios (with associated costs and benefits). 262 

(v) WP5 crosses over other WPs and is designed to build social capital and capabilities of 263 

managers, NGOs, government agencies, and scientists to achieve a sustainable and 264 

positive change in the way IAS are managed in Latin America.  265 
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 266 

WP1. Specify generic models of IAS range reinvasion in response to management using 267 

RangeShifter.  268 

 269 

The goal of this WP is to develop and test a modelling platform to be applied as a decision tool 270 

for informing management efforts targeted at controlling IAS. We will incorporate key ecological 271 

mechanisms as well as costs of management, in order to test the effectiveness of alternative 272 

management options. 273 

 274 

We will build upon the strong foundations provided by the RangeShifter software developed at 275 

the University of Aberdeen (Bocedi et al. 2014). RangeShifter is a flexible platform for modelling 276 

species’ ecological and evolutionary dynamics across spatially complex landscapes. It applies 277 

an individual-based modelling approach with considerable flexibility for adapting to the biology 278 

of a user’s focal species. RangeShifter has already been used for a broad range of applications, 279 

which consider how demography, landscape structure and dispersal behaviour influence 280 

spread rates of plants and animals, including the case of mink in Scotland (Fraser et al. 2015). 281 

The software already contains two process-based models for simulating the transfer phase of 282 

dispersal for actively dispersing animals and two dispersal kernels for simulating plant seed 283 

dispersal. We will add new modules to model 1) wind-dispersal of seeds, 2) animal-mediated 284 

dispersal of seeds, 3) land use/cover changes and 4) IAS control in space and time. 285 

 286 

We will model the spatial dynamics of wind-dispersed invasive plants using the WALD model 287 

(e.g. Caplat et al. 2012), a simplified mechanistic dispersal model which retains the essential 288 

physics while being mathematically tractable (Katul et al. 2005). WALD parameters can be 289 

calibrated from the field or estimated from literature values, and the model has been shown to 290 

provide a close fit to empirical measurements of wind dispersal (see Caplat et al. 2012).  291 

 292 

We will also model seed dispersal by animals using the 2Dt dispersal kernel (Clark et al. 1999), 293 

because this approach allows us to fit short and long dispersal distances, which is suitable for 294 

zoochorous seed dispersal (Herrera et al. 2011). The parameters for the 2Dt kernel for privet 295 
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are already available for the Yungas ecoregion in Argentina (Powell and Aráoz 2018), which is 296 

one of the study systems for the CONTAIN project, including also environmental variability 297 

effects on dispersal (e.g. tree density).  298 

 299 

We will develop a population management module in RangeShifter to simulate the removal of 300 

varying numbers of the focal IAS across space and time. It will provide a range of management 301 

strategies that differentially target specific ages/stages/sexes and spatial locations in an 302 

approach where management options can be compared according to their effectiveness at 303 

reducing the impacts of IAS (Caplat et al. 2014) and limiting the damage they cause. We will 304 

further expand this approach by incorporating the costs of management into the model, 305 

enabling management options to be ranked by cost effectiveness, which is highly relevant for 306 

managers.  307 

 308 
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 309 

Figure 1. Diagram describing links between different Work packages of CONTAIN. IAS refer 310 

to Invasive alien species. 311 

 312 

WP 2. Specify models of range reinvasion after management for exemplar species. 313 

We will apply our generic IAS model (WP1) to the exemplar species mentioned earlier and for 314 

which sufficient knowledge exists such that we can develop management models. We will 315 

parameterize the models with data from the literature, results from ongoing management 316 

interventions and new data when necessary. We will test model predictions against data 317 

collected in the field using an integrated approach. 318 

 319 

 320 
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BOX1 near here 321 

 322 

 323 

 324 

 325 

 326 

Figure Box 1. a. Pinus contorta invasion from a commercial plantation in the Patagonian steppe 327 

in Coyhaique Alto, Aysén Region, Chile. b. Turdus rufiventris (a native bird in Yungas), eating 328 

Ligustrum lucidum fruits from an invaded forest in North western Argentina. c. Cerrado (tropical 329 

savanna) invaded by Urochloa brizantha evidencing the dominance of the invasive species. 330 

 331 

To parameterize the models and kickstart an adaptive management programme we will 332 

consider three exemplar plant species (privet, P. contorta, and P. radiata, Box 1), and we will 333 

derive stage-structured estimates for survival and fecundity as well as rate of seedling/sapling 334 

establishment. For privet, appropriate data exist on bird-mediated seed dispersal distances, gut 335 

passage time (needed for mechanistic dispersal model, Powell and Aráoz 2018), canopy 336 

height, land cover (Montti et al. 2017), and their potential impacts (Fernandez et al. 2017). To 337 

develop spatially realistic management scenarios, we will additionally use the outputs from WP1 338 

to include spatially varying costs for realistic management options. 339 

 340 

To start the adaptive management of privet, we will conduct experimental management of privet 341 

invasion sources in the subtropical montane forests (Yungas) in Northwestern Argentina. We 342 

will test different types of interventions (cutting privet individuals by mechanical and chemical 343 

methods against no actions), in the invasion front of privet adjoining the native forest.  344 

Additionally, we will measure the effects of active restoration of native vegetation, which 345 

included planting saplings of native species. We will evaluate the effectiveness of these 346 

treatments by measuring privet individual and population recovery (re-sprout, survival, seed 347 

arrival and reestablishment) and natural regeneration (seed arrival, establishment, survival and 348 

growth of native trees) to find the most effective method to manage the invasion and restore 349 

native plant diversity in invaded forests. During two fruiting seasons, we will determine how the 350 

B. Langdon G. Damasceno 

C.A. Alderete 
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distance to privet seed sources and seedbank suppression affects seed arrival, germination, 351 

and sapling growth of privets as well as native trees. 352 

 353 

For pines, our mechanistic models of effective dispersal will be based on the characteristics of 354 

the source population (propagule pressure, canopy height, distance, wind speed, and 355 

direction), and habitat characteristics for seedling recruitment (canopy cover, ground cover, and 356 

microclimate). We will build upon our extensive data on P. contorta invasion and management, 357 

and potentially re-survey permanent plots set up in Chile and Argentina to understand invasion 358 

trajectories, legacy effects, and the reinvasion after management (Pauchard et al. 2016). We 359 

will also estimate individual seed production for pines across different sites, for both plantations 360 

and stands arising from invasion. In addition, we will evaluate the impact of pine invasions on 361 

the productivity of native grasslands along a gradient of pine invasion density. Furthermore, we 362 

will conduct experimental management of P. radiata, the most widely planted pine species in 363 

Chile (c. 1.8 million ha). Realistic management (i.e. following current practices in the region) 364 

will be applied (i.e. mechanical removal or girdling) to plots stratified by habitat (native forests, 365 

grasslands, and shrublands), landscape context (distance to pine plantations, adjacent 366 

patches) and invasion stage (early or advanced). We will measure reinvasion from the seed 367 

bank and adjacent stands to estimate dispersal parameters. We will assess the economic costs 368 

and logistic constraints for all these treatments in order to parameterize the models. 369 

BOX2 NEAR HERE 370 

 371 

 372 

 373 

 374 

 375 

 376 

Figure Box 2. a. Critically endangered Hooded grebes killed by a single American mink in Austral 377 
Patagonian highland plateau b. Mink trapped in a raft deployed along rivers draining the plateau where 378 
Hooded grebe breed c. Yellowjackets (Vespula germanica) feeding on a piece of meat. 379 

 380 

I. Roesler J. A. Tomasevic M. Deming 
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The estimation of model parameters for mink will be based on studies in its native and European 381 

invaded ranges, including previous removal interventions (Melero et al. 2015, 2018; Oliver et 382 

al. 2016; Fasola and Roesler 2018). Our models will account for settlement probability relative 383 

to distance from natal site, habitat metrics and conspecific density (Melero et al. 2018), and the 384 

relationships between reproductive parameters and density (Melero et al. 2015). Our models 385 

will be tested against data from empirical work on mink focussing on ongoing management in 386 

highly contrasting regions of Chile and Argentina. We will estimate the effective dispersal of 387 

reinvading mink culled in Los Ríos, Chile, and in Buenos Aires Plateau, Argentina, using geo-388 

referenced archived tissue samples. Following genotyping, we will reconstruct likely pedigrees 389 

(Oliver et al. 2016), estimating dispersal as the distance between the location of capture and 390 

likely natal site. The outcome will be a quantification of the probability of successful dispersal 391 

from one area to another given variation in mink density caused by management activity and 392 

habitat productivity. Metrics of success will include the viability and population dynamics of 393 

affected endemic bird species as well as indicators of farmers’ livelihoods. We will evaluate the 394 

former through field surveys and detailed monitoring data on aquatic bird abundance and 395 

breeding success that we will retrospectively link to model predictions and observations on 396 

residual mink density. Previous surveys of farmers, collected as part of a participatory 397 

management program in Los Rios region (SAG 2017), will be extended to assess the 398 

relationship between region-wide mink density and losses of poultry to mink predation. 399 

 400 

WP3. Explore long-term management success criteria. 401 

Providing model-informed advice on management effectiveness requires clear criteria for 402 

success to have been determined. Such criteria are lacking. Here, we take an inter-disciplinary 403 

participatory approach to determine the economic impacts of IAS and the costs associated with 404 

their removal at different spatial and organisational scales.  405 

 406 

The species chosen as case studies (Boxes 1 & 2) differ in the nature of the economic costs 407 

produced, their spatial distribution, and their impact across different societal groups. The plant 408 

species have impacts on both direct and indirect economic values, including through 409 

sustainability certification schemes of exotic crops. On the other hand, the animal species have 410 

potential differential and more significant effects on small-holders’ livelihoods and nature-based 411 
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tourism activities. Our exemplar species also differ in terms of the speed and nature of their 412 

dispersal, which affect the risks and benefits associated with immediate action relative to a 413 

responsive approach (Epanchin-Niell 2017). This WP comprises four main activities.  414 

(i) Identify the main management and damage costs associated with each case study 415 

species, using secondary data and benefit transfer approaches (estimating economic 416 

values for ecosystem services by transferring available information from studies 417 

elsewhere, see e.g. /my.usgs.gov/benefit-transfer/), plus focused primary data collection 418 

where necessary.  419 

(ii) Evaluate the cost-effectiveness of management measures and policies. The range of 420 

measures to be considered will be determined by discussions with relevant stakeholders 421 

e.g. policy makers, from each national context. The impact of timing on policy 422 

effectiveness will also be considered (Sims et al. 2016). 423 

(iii) Evaluate the potential effectiveness of proposed management measures accounting for 424 

how people’s individuals’ behaviour may affect IAS management, e.g. cropping and 425 

management decisions made by farmers.  426 

(iv) Gain an understanding of the degree to which individuals and businesses are likely to 427 

account for the impact of their management activity on other activities and establish how 428 

government interventions may effect changes in behaviour related to managing IAS to 429 

the levels that lead to improved societal benefits.  430 

WP4. Co-develop adaptive management solutions.  431 

Having built capacity in WP3 and show-cased the approach with the work on our focal study 432 

species, we will explore strategic options for a wider set of IAS and seek cross-taxonomic 433 

generalities. To this effect, we will co-design management strategies with stakeholders and 434 

other researchers for emerging and potential future IAS for which data are currently sparse, but 435 

for which there are high societal demands for effective management strategies.  436 

 437 
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Our partners, researchers and practitioners from Latin America, will take a leading role in this 438 

work package. For instance, while we selected our exemplar IAS because of their importance 439 

in the partner countries, other species such as Pinus elliotii and P. taeda are transforming 440 

grasslands in northern Argentina and southern Brazil (Zenni and Simberloff 2013; Brandes et 441 

al. 2019, Durigan et al. 2007; Box 1). We will carry out workshops with foresters to explore 442 

plausible management scenarios that might be applicable for data-poor species, as well as 443 

future scenarios involving synergies between IAS. Some IAS, like the yellowjackets, affect local 444 

communities wherever they occur by damaging beekeeping, horticulture, and tourism 445 

(Magunacelaya et al. 1985, Box 2), yet range-wide containment would be prohibitively 446 

expensive. Participatory management as performed by poultry farmers suffering from mink 447 

predation in Los Ríos region (Chile) is one solution not yet widely used in Latin America. We 448 

will kick-start participatory adaptive management with farmers in rural communities already part 449 

of the participatory programme Comunidad Humedal in Chile. This will serve to evaluate the 450 

effectiveness of fipronil meat-baiting by local residents (Sackmann et al. 2001) to control 451 

yellowjackets while at the same time gathering information on the scale of subsequent 452 

recolonization by yellowjackets. This will directly feed into the pioneering local IAS management 453 

plans recently launched by the municipality of Valdivia in Los Ríos region and now emulated 454 

by others. 455 

 456 

WP5. Train in process-based modelling, contemporary ecological statistics, and 457 

economic valuation.  458 

We implement adaptive management approaches to counteract problematic IAS. Our work 459 

involves different researchers, policy and decision-makers, and stakeholders associated with 460 

diverse species and ecosystems problems. To facilitate this international cooperation, we have 461 

created an inclusive training program open to external researchers and practitioners from other 462 

Latin America organizations. It runs in parallel with research to foster a common approach 463 

based on the modern population-modelling tools underpinning adaptive management. This was 464 

augmented by a training workshop on economic valuation which is also central to developping 465 

effective adaptive management. Our training seeks to empower researchers to represent IAS 466 

within Bayesian integrated population models (IPMs) to estimate demographic and dispersal 467 

parameters for the RangeShifter decision tool. Where observational data are scant, as is the 468 
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case with some problematic IAS, prior information may be used from related systems. The 469 

ability of IPMs to propagate sources of uncertainty arising from observation error, parameter 470 

uncertainty and process stochasticity will feed into the co-design of monitoring programs that 471 

are crucial to continuously improve IAS management effectiveness through adaptive 472 

management beyond the lifespan of the funded project.  473 

 474 

Outlook  475 

CONTAIN brings together researchers with not only diverse taxonomic focus (mammals, 476 

insects, trees, and grasses) but also contrasting research traditions, even when it comes to 477 

IAS. This reflects the prevailing research cultures in the participating countries and a dominance 478 

of diagnostic-focussed research over management. Latin American researchers include plant 479 

scientists working on dispersal, experts in IAS biology and researchers and practitioners 480 

already involved in the management of the mink as part of mixed academic or government 481 

initiatives. The UK team contributes experience in large-scale participative adaptive 482 

management of mink, but also plant ecology, agent-based modelling, statistical methods and 483 

rural economy expertise. The researchers appointed by the project deliver crucial expertise, 484 

including from New Zealand IAS management and from the forestry industry. None of the 485 

participating researchers has individually yet attained CONTAIN's aim to combine ecological, 486 

economic and sociological knowledge in a decision-support toolbox of broad applicability to the 487 

management of IAS that cannot be eradicated. The first few months of CONTAIN have initiated 488 

a common journey towards this aim, facilitated by meetings and exchanges, involving joint 489 

learning, a blending of research cultures and a common understanding of the benefits of 490 

transnational cross-taxa approach, considering the idiosyncratic aspects of the diverse socio-491 

ecological contexts in which long term management ought to take place. A shared and 492 

contagious vision of the importance of evidence and understanding to guide management will 493 

no doubt be one output of CONTAIN. 494 

 495 

A major challenge CONTAIN faces is that adaptive management requires a long period of time 496 

to show results, while both the required research and implementation funding to achieve that 497 

goal are short term, typically three years (Mill et al. 2020). There are grounds for optimism, 498 

however. We found that awareness of the societal issues caused by IAS is high and the appetite 499 
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to trial solutions is higher still. Indeed, following the launch workshop of CONTAIN in Chile, 500 

where the achievements of the Service for Agriculture and Livestock (SAG)’s evidence-led 501 

participatory management program for mink in the Los Ríos region and the international interest 502 

this elicited were highlighted to regional and national authorities, substantial progress has been 503 

achieved with funding and trans-regional (in Chile) and trans-national (between Chile and 504 

Argentina) management of mink. Thus, the CONTAIN project emerges as a real opportunity to 505 

not only improve our understanding of management of IAS, but also to improve the way 506 

government and communities deal with this important problem.  507 

 508 
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 756 

Box 1- Exemplar plant species:  757 

Pinus contorta and P. radiata are our priority exemplar species of wind-dispersed IAS. Some 758 

pines are fast growing conifers highly suitable for forestry, which is why so many pine species 759 

have been widely introduced in Southern America, where there are no native pines. Pines are 760 

very successful at increasing their range due to a number of adaptations: a simple breeding 761 

system that allows selfing and cross-pollination by wind; high seed production from an early 762 

age; mechanisms for long-distance seed dispersal by wind; high seedling establishment in 763 

disturbed areas; and the ability to grow in a wide range of abiotic conditions (Richardson 1998). 764 

The invasion of pines generally originates from forestry plantations, which disperse most of 765 

their seeds to a distance of 100 m but occasional long-distance dispersal events also occur 766 

(Caplat et al. 2012). This creates an invasion front that slowly advances from the plantation 767 

edge following the prevailing wind direction, but also many invasion islands far from the 768 
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plantation that contribute to a faster range expansion. In general, very few abiotic or biotic 769 

conditions stop or even slow down a pine invasion, the lack of ectomycorrhizal fungi being one 770 

of the most important constrains to their spread (Nuñez et al. 2009). Because some pines are 771 

adapted to fire, this disturbance accelerates the invasion process and creates suitable habitats 772 

for seedling establishment in the absence of competition with native plants (Singh et al. 2018). 773 

Pine invasions in Argentina, Chile and Brazil mainly affect treeless ecosystems, such as 774 

grasslands and shrublands (Richardson et al. 1994, Simberloff et al. 2010), with substantial 775 

impacts on the hydrological and nutrient cycles and modifications to the habitats of native 776 

species (Taylor et al. 2017, 2019). As a result, pastures invaded by pines in Argentina show a 777 

reduction in productivity affecting cattle grazing (Nuñez et al. 2017). In Chile, pine invasions 778 

increase the frequency and intensity of fires, with great risks for human settlements. The 779 

process of biotic homogenization, caused by replacement of native species during pine 780 

invasions, negatively affects the touristic scenery of Patagonia, which is one of the major 781 

sources of income in the region. In Argentina, the limited management efforts against pine 782 

invasions are restricted to protected areas carried out by the National Parks Administration, 783 

with no attention to most of the invaded areas in the country (Nuñez et al. 2017). In Chile, 784 

management efforts are focused on ecosystems that are critical for biodiversity conservation 785 

and largely driven by forestry certification standards (from the Forestry Stewardship Council) 786 

which foresters need to fulfil (Nuñez et al. 2017). Successful management experiences from 787 

New Zealand and South Africa show that pine invasions can be controlled using mechanical or 788 

chemical methods. Such interventions can be costly and do not guarantee the recovery of the 789 

native ecosystems, which may need to be actively restored (Nuñez et al. 2017). 790 

African grasses are a threat to open ecosystems of South America, such as the Cerrado and 791 

the Llanos (Milton 2004). These species were intentionally planted for cattle pastures (Brossard 792 

and Barcelos 2005), but due to their physiological characteristics, such as high biomass and 793 

seed production, they can easily spread to protected areas (Pivello et al. 1999). The main 794 

species found in protected areas in Brazil are from the genus Urochloa (U. brizantha, U. 795 

decumbens, U. humidicola). Moreover, Melinis minutiflora, Megathyrsus maximum, Hyparrenia 796 

rufa and Andropogon gayanus are other major IAS commonly found in protected areas of 797 

Cerrado. Their presence in the natural systems leads to a decrease in the abundance and 798 

diversity of native species, mostly grasses (Damasceno et al. 2018), as well as an increase in 799 
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dead biomass, leading to more severe fires (Gorgone-Barbosa et al. 2015). Some studies have 800 

had partial success in their control by using fire, herbicides, shading and manual removal (Assis 801 

2017; Damasceno & Fidelis submitted). Therefore, adaptive management can be an important 802 

tool at least to reduce the damage that these species impose on invaded areas (Damasceno 803 

et al. 2018). 804 

The privet is a bird-dispersed Asian tree species invading ecosystems globally (Aragón and 805 

Groom 2003; Aslan 2011). In Argentina, this species was introduced and initially spread by 806 

people, and is used primarily for urban shade, amenity, living fences and windbreaks. After its 807 

introduction, the first steps of the expansion process involves a rapid and massive colonization 808 

of disturbed habitats near the introduction points, which are generally human settlements 809 

(Hoyos et al. 2010, Montti et al. 2017). After this first stage, seed sources become more 810 

abundant and widespread. Finally, once the species is well established, privet may form mono-811 

specific stands that will dominate the entire tree community of the invaded habitat. The effects 812 

of privet on native forest are evident, modifying community species composition (Ayup et al. 813 

2014) and ecosystem functions (such as nutrient turnover), and producing shifts in 814 

environmental conditions such as soil moisture and light availability (Zamora Nasca et al. 2014). 815 

Additionally, privet can slowly invade the native forests without human intervention (Malizia et 816 

al. 2017), because the species is dispersed not only by humans but also by native fruit-eating 817 

birds (Aragón and Groom 2003). In 2015, the National Strategy on Invasive Exotic Species 818 

from the Argentinian Government included privet as one of their eight most relevant IAS to test 819 

and promote management initiatives (Ministerio de Ambiente y Desarrollo Sustentable, 2016). 820 

 821 

Box 2- Exemplar animal species:  822 

Mink is our exemplar of a highly mobile and damaging mammalian predatory IAS. In Chile 823 

alone, the losses to invasive  mink are estimated at US$9.5 million per year, with US$8.1millions 824 

corresponding to biodiversity losses and US$1.4 millions allocated to control operations (UNDP 825 

2017). Mink have become extremely abundant in southern Chile, fully invading Los Ríos, Los 826 

Lagos, Aysén and Magallanes regions, which comprise part of the Valdivian rainforest 827 

ecoregion, a recognized global biodiversity hotspot. The livelihood of autochthonous 828 

communities inhabiting coastal areas is severely affected due to loss of intertidal bio-resources 829 

(Ruiz et al. 1996). Since 2015, Ministry of Agriculture staff (partners in CONTAIN) have initiated 830 
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a large participatory pilot mink control project in Los Ríos region focused on reducing the 831 

hardship to smallholder poultry farmers caused by mink predation and, as a by-product, 832 

preserving the wildlife resources on which ecotourism relies. More than a thousand farmers 833 

have removed >5,000 mink in the first 5 years, resulting in marked declines in predation of 834 

poultry. Surveys of participants demonstrate very high levels (>99%) of support for the 835 

continuation of the project (SAG 2017), but the long-term goals of management and over what 836 

scale they can be achieved sustainably have not yet been articulated. In Austral Patagonia, 837 

Argentina, mink threaten endemic upland bird species, including the critically endangered 838 

hooded grebe Podiceps gallardoi, with extinction (Roesler et al 2012; Fasola and Roesler 839 

2018). Here, Aves Argentina (partners in CONTAIN) is leading a determined, high investment, 840 

mink trapping effort to avert extinction of the grebe, focused on the Buenos Aires Plateau 841 

(Fasola and Roesler 2016), an area of few rivers and a steep productivity gradient. Dispersing 842 

mink invade the upland nesting lakes of grebes seasonally, and because grebes are naïve to 843 

predation, single dispersers devastate local populations by surplus killing. A broad strategic 844 

goal for management is to push mink back to the lowlands, near the newly established 845 

Patagonia National Park, where control can be sustained at lower costs and from where 846 

dispersers would not threaten endangered endemic species.  847 

 848 

The German wasp or German yellowjacket is native to Eurasia and northern Africa and has 849 

invaded e.g. New Zealand, Australia, South Africa, Chile, Argentina, United States of America 850 

and Canada (D’Adamo and Lozada 2009). Since its introduction in Chile in the 1970s, it has 851 

expanded its distribution range and negatively affected several economic activities, including 852 

agriculture and tourism (Estay et al. 2008). The aggressive nature of this IAS and its impact on 853 

rural economies has moved local communities to organize around the management of this 854 

species, even though eradication is no longer possible. 855 


