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Biological invasions are one of the main threats to biodiversity within protected areas (PAs) worldwide.

Meanwhile, the resilience of PAs along with their capacity to mitigate impacts from invasions remains largely unknown. Filling this knowledge gap is therefore critical for informing policy responses and optimally allocating resources invested in prevention and control strategies. Here we use the InvaCost database to address this gap from three perspectives: (i) characterizing the total cost of invasive alien species (IAS) in PAs; (ii) examining differences in mean observed costs of IAS between PAs and non-PAs; and (iii) evaluating factors affecting mean observed costs of IAS in PAs. Our results show that reported economic costs of IAS in PAs amounted to US$ 22.13 billion between 1976 and 2020, of which US$ 802.47 million were observed costs (incurred) and US$ 21.18 billion were potential costs (expected). The highest observed total costs were reported for Africa and South America; mainly caused by mammals, plants and insects; and predominantly impacted the nances of government agencies. Most of the observed total costs were reported for management (69%) versus damage (27%), however, the vast majority of management costs were reported for post-invasion actions (US$ 453 million; focused on control and eradication). PAs incurred on average higher costs than non-PAs, however, this was dependent on the environment and the continent. When analyzing costs of IAS within PAs, observed mean costs signi cantly differed with the environment (higher in terrestrial environments), continent (higher in Paci c islands), taxon (higher for vertebrates and invertebrates than in plants) and the human development index (developed countries incur higher costs). Managers of selected PAs surveyed acknowledged IAS as the most threatening factor, concurred on the necessity of reporting costs in PAs, and pointed to insu cient budget allocation for pre-invasion actions. Our ndings highlight the need for a deeper understanding of the economic costs caused by invasions across PAs, direct driving factors and management challenges.

Introduction

Biological invasions represent a global environmental problem and present a management challenge for humanity [START_REF] Pyšek | Scientists' warning on invasive alien species[END_REF][START_REF] Ricciardi | Four priority areas to advance invasion science in the face of rapid environmental change[END_REF]. The plethora of environmental impacts posed by invasive alien species (IAS) range from declines in biodiversity [START_REF] Ellstrand | Hybridization as a stimulus for the evolution of invasiveness in plants?[END_REF][START_REF] Vilà | Conservation implications of invasion by plant hybridization[END_REF]Hejda et al. 2009;[START_REF] Butchart | Global Biodiversity: Indicators of Recent Declines[END_REF] to disruption of ecological processes and affects the provisioning of ecosystem services [START_REF] Vitousek | Biological invasions and ecosystem processes -towards an integration of population biology and ecosystem studies[END_REF][START_REF] Charles | Impacts of Invasive Species on Ecosystem Services[END_REF][START_REF] Pejchar | Invasive species, ecosystem services and human wellbeing[END_REF][START_REF] Ehrenfeld | Ecosystem consequences of biological invasions[END_REF]. IAS are also responsible for detrimental impacts on human health and well-being [START_REF] Conn | Aquatic invasive species and emerging infectious disease threats: A One Health perspective[END_REF][START_REF] Hulme | Invasive species challenge the global response to emerging diseases[END_REF]Mazza and Tricarico 2018;[START_REF] Schaffner | Biological weed control to relieve millions from Ambrosia allergies in Europe[END_REF], and cause losses to multiple sectors of the economy [START_REF] Pimentel | Update on the environmental and economic costs associated with alien-invasive species in the United States[END_REF][START_REF] Colautti | Characterised and projected costs of nonindigenous species in Canada[END_REF][START_REF] Martins | Costing eradications of alien mammals from islands[END_REF][START_REF] Xu | The distribution and economic losses of alien species invasion to China[END_REF][START_REF] Kettunen | Technical support to EU strategy on invasive alien species (IAS)[END_REF][START_REF] Engeman | The economic impacts to commercial farms from invasive monkeys in Puerto Rico[END_REF][START_REF] Hoffmann | The economic cost of managing invasive species in Australia[END_REF][START_REF] Pratt | Economic impacts of invasive alien species on African smallholder livelihoods[END_REF]Diagne et al. in press-a). Alarmingly, with no signs of abatement in the numbers of established alien species in recent decades, their associated environmental, social and economic impacts will likely continue to dramatically increase in the foreseeable future [START_REF] Seebens | No saturation in the accumulation of alien species worldwide[END_REF][START_REF] Seebens | Projecting the continental accumulation of alien species through to 2050[END_REF][START_REF] Bailey | Trends in the detection of aquatic non-indigenous species across global marine, estuarine and freshwater ecosystems: A 50-year perspective[END_REF]). As a result, there is an urgent need for establishing effective management responses. One way of achieving this is by effectively managing IAS in areas that protect a broad range of species and habitats, such as protected areas (PAs) -a pillar for global biodiversity conservation efforts.

Although PAs are the primary defence against biodiversity loss, one-third of the global protected land is under intense human pressure (Jones et al. 2018). Moreover, PAs tend to be more vulnerable and challenged by IAS, compared to other unprotected landscapes, since they often host a larger proportion of native, endemic and threatened species which are less adapted to anthropogenic disturbances [START_REF] Foxcroft | Plant invasions in protected areas: Patterns, problems and challenges Foxcroft LC[END_REF][START_REF] Heringer | Assessing the effectiveness of protected areas for the conservation of ferns and lycophytes in the Brazilian state of Minas Gerais[END_REF]. With ~ 15% of the global land surface and ~ 7.6% of the ocean (www.protectedplanet.net/) currently covered in the network of PAs, the designation of PAs has been a critical means of mitigating biodiversity threats worldwide. PAs comprise a large range of designations with different management regimes, ranging from highly to minimally protected sites. In addition, the European Union plans to protect 30% of its land and sea territory by 2030 (https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX:52020DC0380). When appropriately designed and successfully managed, PAs can be effective in conserving native biodiversity (including species of conservation concern), maintaining ecosystem function and keeping ecosystem services intact [START_REF] Chape | Measuring the extent and effectiveness of protected areas as an indicator for meeting global biodiversity targets[END_REF][START_REF] Foxcroft | Protected-area boundaries as lters of plant invasions[END_REF][START_REF] Geldmann | Effectiveness of terrestrial protected areas in reducing habitat loss and population declines[END_REF][START_REF] Daněk | Value of ecosystem services in Protected Landscape Areas in the Czech Republic[END_REF][START_REF] Ziller | A priority-setting scheme for the management of invasive non-native species in protected areas[END_REF]. Effectiveness of PAs for biodiversity conservation can be measured in many different ways, depending on the conservation goals in place. For example, the PA network design can be assessed to determine diversity of species and habitats, and/or inclusion of highest priority conservation areas to meet global biodiversity conservation goals [START_REF] Rodrigues | How large do reserve networks need to be?[END_REF][START_REF] Rodrigues | Effectiveness of the global protected area network in representing species diversity[END_REF][START_REF] Saout | Protected Areas and Effective Biodiversity Conservation[END_REF][START_REF] Heringer | Assessing the effectiveness of protected areas for the conservation of ferns and lycophytes in the Brazilian state of Minas Gerais[END_REF]. In addition, one can evaluate management e cacy in terms of staff, equipment, budget and other resourcing necessities [START_REF] Leverington | A global analysis of protected area management effectiveness[END_REF]).

Recent efforts have been made to improve analyses of invasion costs for speci c taxonomic groups (Haubrock et al. in this issue;[START_REF] Bradshaw | Massive yet grossly underestimated global costs of invasive insects[END_REF] or across various regions [START_REF] Scalera | How much is Europe spending on invasive alien species?[END_REF][START_REF] Hoffmann | The economic cost of managing invasive species in Australia[END_REF]Kourantidou et al. in press;Crystal-Ornelas et al. in press;Diagne et al. in press-b;Haubrock et al. in press;Heringer et al. in press;Liu et al. 2021) and habitats [START_REF] Lopez-Vaamonde | Invaded habitats. Chapter 4[END_REF][START_REF] Paini | Global threat to agriculture from invasive species[END_REF]Cuthbert et al. in press;Renault et al. in this issue). However, a detailed understanding of the costs incurred by IAS is still lacking for PAs. This is despite the fact that understanding costs of IAS is critical to ensure adequate funding for conservation efforts and to design appropriate management actions that will help mitigate impacts and safeguard biodiversity [START_REF] Dana | Decision tools for managing biological invasions: existing biases and future needs[END_REF]Diagne et al. 2020a). A preliminary analysis of the number of post-1970 English-language publications available in the Web of Science on costs of biological invasions (Supplementary Material 1), showed that despite the numerous IAS publications (n = 58,729), studies concerning PAs have received relatively little attention (12.6%), and studies evaluating the economic costs in PAs are substantially lower (1.6%). Overall, although skewed, IAS studies covering all three topics are steadily increasing through time.

Many of those studies have attempted to decipher the drivers of invasions in PAs [START_REF] Gaertner | Invasive plants as drivers of regime shifts: identifying highpriority invaders that alter feedback relationships[END_REF][START_REF] Gantchoff | Factors in uencing exotic species richness in Argentina's national parks[END_REF][START_REF] Iacarella | Unwanted networks: vessel tra c heightens the risk of invasions in marine protected areas[END_REF][START_REF] Liu | in press) Economic costs of biological invasions in Asia. NeoBiota Liu X[END_REF][START_REF] Moodley | Invasive alien species add to the uncertain future of protected areas[END_REF], thereby improving our understanding of the role of the designation type (i.e. nationally designated PAs, such as national parks, have fewer IAS), designation year (i.e. younger PAs have more IAS), PA size (i.e. larger PAs have more IAS) and/or human activities (e.g. IAS increase with accessibility and higher human footprint index) in driving the success and impacts of IAS in PAs [START_REF] Gallardo | Protected areas offer refuge from invasive species spreading under climate change[END_REF][START_REF] Liu | in press) Economic costs of biological invasions in Asia. NeoBiota Liu X[END_REF]). Yet, despite progress in our knowledge of these ecological and environmental drivers of invasions in PAs, their use as potential predictors of IAS economic costs remains unexplored. Moreover, while there is evidence that geographic bias (towards North America and the Paci c islands) and taxonomic bias (towards plants and insects) largely drive our understanding of IAS success and impact [START_REF] Pysek | Geographical and taxonomic biases in invasion ecology[END_REF][START_REF] Hulme | Greater focus needed on alien plant impacts in protected areas[END_REF], thus far, there has been little effort made on exploring these pattern globally for IAS in PAs.

To ll the knowledge gap on the cost of biological invasions in PAs worldwide, we structured our study around four broad aims. Speci cally, we sought to: 1) characterize the overall costs of IAS within PAs, based on temporal, spatial and taxonomic descriptors, as well as descriptors for the type of costs and sectors impacted; 2) compare costs of IAS between protected and non-protected areas by examining factors affecting differences in economic costs; 3) describe which cost and PA characteristics drive differences in IAS related expenditures across PAs registered in the World Database on Protected Areas; and 4) obtain insights and perspectives from PA managers regarding these costs and the various challenges they face.

Materials And Methods

Original data

We used information from the InvaCost database, the most recent, comprehensive database on globally reported economic costs of IAS in English and ten other languages (Angulo et al. in press;Diagne et al. 2020b). The database was built using standardized searches from different sources: ISI Web of Science platform (https://webofknowledge.com/), Google Scholar (https://scholar.google.com/), the Google search engine (https://www.google.com/) and targeted searches (i.e. via web page searches and experts/stakeholders consultations for documents or les containing cost information). Each database entry contains a cost value associated to a unique combination of cost descriptors, including: (i) the bibliographic information of the documents reporting the costs; (ii) the information on the impacted area (e.g. location, spatial scale, environment, and whether the location corresponded to a protected area); (iii) the taxonomy of the IAS causing the cost, (iv) the temporal extent over which the cost occurred, or was predicted to occur; and (v) the typology of each reported cost (e.g. type of cost -management actions or economic damages; impacted sector -which activity, market or societal sector was related to the cost; and the reliability of the source document provided the cost estimate). To allow for comparable cost values, all cost estimates were standardized and converted to 2017 US$ (Diagne et al. 2020b). For this study, we used the most up-to-date version of the InvaCost database (version 3.0 containing 9,823 entries; openly available at https://doi.org/10.6084/m9. gshare.12668570). We rst re-classi ed some of the original columns of the database to ensure that our study is comparable with other PA studies (Table 1) and then ltered and extracted the data in different subsets as described below (all subsets are available in Supplementary Material 2).

Data processing

Subset preparation: the robust and expanded subsets

To obtain a robust subset from the original database, we rst excluded cost entries that were deemed less reliable (Fig. 1). Speci cally, we ltered the Reliability cost descriptor column of our database to only select those costs characterised as having "high" reliability. This distinction of the cost entries into having "high" or "low" reliability, indicates if the approach used for cost estimation in the original source is reported, reproducible and traceable (see Diagne et al. 2020b for details on criteria used). Subsequently, we used the information provided in the Protected Area column to identify the status of land protection for each cost entry: "yes", only pertaining to protected areas; "no", only pertaining to non-protected areas; or "NA", when there was no information about the status or when costs were attached to both protected and non-protected areas. We excluded entries that were identi ed as "NA".

We further re ned the resulting dataset to speci cally address the aims of this study. Thus, we applied consecutive ltering procedures which resulted in the creation of four subsets (Fig. 1): (i) PA cost entries only (hereafter referred to as the Protected Area Robust Subset, see subset details below); (ii) costs for protected and unprotected areas together, which were then matched pairwise based on ve cost descriptors (hereafter referred to as the Paired Subset, see subset details below); (iii) costs for PAs listed in the World Database on Protected Areas (WDPA; UNEP-WCMC and IUCN 2019), which allowed the addition of WDPA descriptor variables (hereafter referred to as the WPDA Subset, see subset details below); and from these (iv) selected national parks and reserves for the purposes of a pilot survey of PA managers' perceptions of costs related to IAS (hereafter referred to as the Survey Subset).

For homogenization purposes, all cost estimates were annualized in the original database (see 'Cost estimate per year' columns; Diagne et al. 2020b). Here, we expanded the Protected Area Subset, the Paired Subset and the WPDA Subset(Subsets i-iii in Fig. 1) to take into account the duration time (in years) of each cost estimate with the expandYearlyCosts function of the 'invacost' package version 0.3-4 (Leroy et al. 2020). This function relies on information contained in the Probable_starting_year_adjusted and Probable_ending_year_adjusted columns to repeat each annualized cost as many times as years of cost occurrence between 1976 and 2020. This resulted in comparable annual costs for all cost entries (i.e. expanded format) which are unbiased with respect to time.

Averaging annualized costs estimates

For the Paired Subset and the WDPA Subset(Subsets ii and iii in Fig. 1), we averaged the annual cost values across descriptors so that individual entries associated with a single species from the same location and environment, which incur the same type of costs and affect the same activity sectors, were automatically averaged into one single cost entry. To do this, we used the tapply function in base R on the following cost predictors: species, location, environment, continent, type of costs and activity sector (Fig. 1, Table 1, Supplementary Material 2 for the interpretation of these descriptive elds and the subsets). All the analyses presented in the main text were carried out with these expanded and averaged subsets.

The Protected Area Robust Subset Filtering entries classi ed as protected, resulted in the Protected Area Robust Subset with a total of 1,131 cost entries (9% of InvaCost v3.0). This subset was then expanded (as explained above) to produce the Protected Area Subset with 3,687 entries which was used to qualitatively describe trends of economic costs associated with PAs (Subset i in Fig. 1). Regarding the temporal variation of the costs of invasive species in PAs, we used the summarizeCosts function of the 'invacost' R package to quantify annual average costs at ve-year intervals. We considered both the magnitude of costs (in US$) as well as the number of cost entries (expanded) over time. Moreover, we examined costs over time separately for observed costs (i.e. if the cost was actually incurred) and for potential costs (i.e. if the cost was expected or predicted to occur) using the Implementation column. We also investigated the spatial distribution of PA associated costs by continents (classi ed according to [START_REF] Brummitt | World Geographical Scheme for Recording Plant Distributions[END_REF], explored the taxonomic groups responsible for costs in PAs, and categorised the type of costs and the economic sectors impacted by the cost (details on these descriptors are available at https://doi.org/10.6084/m9. gshare.12668570).

The Paired Subset

A total of 2,542 cost entries were identi ed as occurring in non-PA areas (i.e. "no" in the protectedArea column) and constituted the Non-protected Area Robust Subset(Fig. 1). Both the Non-protected and the Protected Area Robust Subsets were ltered to only consider costs estimated at the unit or site spatial scales (i.e. excluding those estimated at country and regional scales), since this is comparable to the spatial scale in which PA costs occur. We also ltered cost entries by the Implementation column, retaining only "observed" costs (i.e. when the cost was actually incurred) and removing "potential" costs (i.e. when the cost was predicted and/or expected to occur over time within or beyond its actual distribution area). The resulting entries of the Protected Area Robust Subset and the Non-Protected Area Robust Subset were then paired using matching rows relating to their combined environment, taxonomic group, continent, type of cost, and impacted sector (See Table 1; Supplementary Material 2). Thus, we only retained cost entries containing the speci ed combination of these ve descriptors in both the Protected Area Robust Subset and in the Non-protected Area Robust Subset; the entries with combinations that had no correspondence in one of the two subsets were excluded from the analysis. This resulted in a total of 1014 expanded and averaged paired entries (464 PA vs 550 non-PA entries), which constitutes the Paired Subset(Subset ii in Fig. 1) and was used to identify descriptors driving differences in costs between protected and unprotected areas.

The Protected Area WDPA Subset Entries from the Protected Area Robust Subset that were also identi ed in the WDPA (UNEP-WCMC and IUCN 2019) were considered as the Protected Area WDPA Subset. This resulted in 505 expanded and averaged entries, and this subset was used to understand which descriptors drive the costs caused by IAS in PAs (Subset iii in Fig. 1). Here, we used eight descriptors; four were related to the characteristics of the PA and were obtained by searching the WDPA for: PA designation, PA designation year, PA surface area (km 2 ), and human development index; and four were related to the characteristics of the cost: continent, environment, taxonomic group of the IAS, and type of cost (Table 1; Supplementary Material 2).

The Protected Area Survey Subset

From the WDPA Subset, we only selected national parks or reserves to form part of the Protected Area Survey Subset(Subset iv in Fig. 1). This last subset was intended as a pilot case study to compare data from selected cases in InvaCost with data obtained directly from PA managers along with their perspectives to better understand the challenges they face in striving for effective management of IAS.

Table 1. Descriptors used to characterise the costs of invasive alien species: (a) descriptors of the costs and (b) descriptors of protected areas (see Supplementary Material 2 for the interpretation of these descriptive elds). Categories are added for each descriptor and a description or the range of continuous variables are given in parenthesis. Descriptors used in the analyses of protected and non-protected areas (i.e. Paired subset) and across protected areas (i.e. WDPA subset) are marked with crosses. Note that one category could not be paired in the PA subset (e.g. Antarctica), while the "economic sector" was not used in the WDPA subset due to the unbalanced sample size among categories. Sample size was 1,014 for the Paired subset and 505 for the WDPAsubset. For designation year and reported area, mean year was used for multiple entries. We used the Survey Monkey platform to develop a short survey (12 questions taking approximately 20 minutes) with the aim of collecting information on management costs of IAS in PAs, gaining insights from local managers on their perceptions and the challenges they face in IAS management (See Supplementary Material 3 for the full survey). Each survey was personalized in the title according to the name of the PA, as well as in the question relating to each PA's reported management costs (Question 12). The survey was sent via email and in English, however, the email text was translated to the native language of the country in which the PA was located. This resulted in surveys sent to PA managers of 16 national parks and 28 reserves spanning 15 countries. The timeline for survey completion was one month (8 October -8 November 2020) with reminders sent biweekly in cases of no response. Given the few responses to the survey, we used the insights shared from managers, in a qualitative manner, to inform our ndings.

Categories Paired subset WPDA subset (a) Cost descriptors Continent Africa × × Antarctica × Asia-Temperate × × Australasia × × Europe × × Northern America × × Southern America × × Paci c × × Taxonomic group Invertebrate × × Vertebrate × × Plant × × Other × × Environment Aquatic × × Semi-aquatic × × Terrestrial × × Diverse/unspeci ed × × Impacted sector Agriculture × Authorities-Stakeholders × Environment × Health × Mixed/Unspeci ed × Type of cost Pre-invasion management × × Post-invasion management × × Knowledge & Funding × × Mixed management × × Mixed management & damage × × Damage × × (b)

Statistical analyses

Differences in economic costs inside and outside protected areas

In order to identify differences in the economic costs of IAS between PAs and non-PAs, and to understand which descriptors could affect these differences, we performed a multiple linear regression using the data of the Paired subset(see Fig. 1). The dependent variable was the average yearly economic cost (log 10transformed) and the independent variables included a binary PA status factor (i.e. whether the cost pertains to a PA or Non-PA) and its interactions with the following descriptors: continent, taxonomic group, environment, impacted sector and type of cost (Table 1). This allowed us to assess the differences in the average yearly economic cost between PAs and non-PAs for these descriptors. Prior to performing this analysis, we assessed that none of the predictors were highly intercorrelated, suggesting the absence of multicollinearity (Pearson's r < 0.65; Supplementary Material 4), Therefore, all predictors were retained in the analysis. We used the adjusted R 2 to assess the percentage of mean annualized economic cost variation that is explained by the models. Signi cant interactions were assessed using the drop1 function to obtain Type III sum of squares ANOVA containing p-values from an F-test. Residuals were analyzed using the simulateResiduals function of the 'DHARMa' package version 0.3.3 [START_REF] Hartig | DHARMa: Residual diagnostics for hierarchical (multi-level/mixed) regression models[END_REF]) and they satis ed all classical regression assumptions. Additionally, when an interaction factor showed a signi cant effect, we carried out a post-hoc Wilcoxon Signed Rank test with Holm correction in order to determine which categories were signi cantly different between protected and non-protected areas.

Factors affecting costs of invasive alien species across protected areas

To assess which variables could affect the economic costs of IAS within PAs, we performed a multiple linear regression using the data corresponding to the "protected area WDPA subset" (see Fig. 1). We used the log 10 -transformed average yearly economic costs as the dependent variable. We added PA designation, year of PA designation, PA surface area, human development index, continent, taxonomic group, environment, and type of cost as independent variables. Impacted sector was not considered in this model because of unbalanced sample size among the categories (of the 7 impacted sector categories, authorities and stakeholders comprised 92% of the entries). We rst excluded incomplete cases (i.e. rows with missing values), and we assessed the correlation among predictors (all predictors were retained in the analysis; Pearson's r < 0.65; Supplementary Material 5). We ran a multiple linear regression and similar to the previous model, we produced the output using the drop1 function, assessed residuals (which satis ed all regression assumptions) and tested for differences among categories for the signi cant factors using the Wilcoxon signed-rank test with Holm corrected p-values.

For each test, when reporting the statistical results of average economic costs, we provide medians and standard deviation because these estimates fairly approximate the mean values of our log 10 -transformed data and avoid skewed distributions due to cost outliers. All gures were produced in R using ggplot2 [START_REF] Wickham | ggplot2: Elegant Graphics for Data Analysis[END_REF].

Results

What are the overall economic costs of invasive species in protected areas?

The total reported economic costs in PAs amounted to $22.13 billion over the last 44 years .

Observed costs amounted to $802.47 million between 1980-2020 and averaged $19.56 million annually since the 1980s, while potential costs amounted to $21.18 billion and averaged $516.59 million over the same period (Supplementary Material 6). Both types of costs were generally characterised by an increase over time, with potential costs increasing markedly between 1995 and 2000. Observed costs exhibited a gradual increase over time, with reductions in recent years likely due to time lags in cost reporting. The number of entries for both types of costs has been increasing over time, and especially those of observed costs.

PA costs were not distributed homogeneously across continents (Fig. 2a). In particular, most of the observed costs were reported for Africa (27%), followed by South America (19%), Tropical Asia (16%), Australasia (15%), Europe (8%), North America (7%), Temperate Asia (5%), Paci c Islands (2%) and Antarctica (1%). However, this pattern is quite different when taking into account both observed and potential costs: more costs were incurred by PAs located in Australasia (59%), followed by Europe (35%)

and distantly followed by PAs located in Africa (4%), South America (1%), and North America (0.5%).

Potential costs were not reported for Antarctica, the Paci c Islands, or Tropical and Temperate Asia. Moreover, by scrutinizing the number of entries for each continent, we found that most cost occurrences were reported for PAs in Europe and Africa (1,247 cost entries independently), followed by South America (519 entries) while the rest of continents reported less than 300 entries.

In terms of the types of IAS cost incurred by PAs, the majority of the observed costs were characterised as management costs (i.e. "pre-invasion", "post-invasion", "knowledge and funding" and "mixed management costs" were equivalent to $556.71 million), thereby dominating observed damage costs (i.e.

"damage" and "mixed management and damage" costs were equivalent to $238.86 million) (Fig. 2b).

Within management costs, "post-invasion" management (i.e. control, eradication, harvesting, management and monitoring) represented the highest proportion of observed costs caused by IAS. In terms of potential costs, damage costs (95%) constituted the majority (i.e. "damage" and "mixed management and damage") whilst management costs represented only 5%.

Governmental services and/or o cial organizations such as conservation agencies, forest services, or associations that allocate funding for the management of biological invasions ("authorities and stakeholders") incurred the highest observed costs ($464.27 million; 58%) compared to other sectors (Fig. 2b). This sector accounted for more than 80% of all types of management costs, except for "mixed management", where it represents 34% of costs. The "agriculture" and "public and social welfare" sectors sustained the most "damage" and "mixed damage and management" costs respectively (62% and 89%, respectively). The "environment" and "public and social welfare" sectors accounted for 95% of all potential costs generated by IAS in PAs (64% and 31%, respectively) and close to 100% of damage costs (67% and 33%, respectively). "Authorities and stakeholders" accounted for the majority of potential management costs (82% to 100%, respectively).

Plants dominated the Protected area subset with 70% of the observed cost entries and 80% of the potential cost entries (Fig. 3). However, observed costs for animals were three times larger than for plants ($550 and 170 million, respectively) and potential animal costs were 1.5 times larger than for plants ($13 and 8 billion, respectively). Magnoliopsida (61% of observed plant costs and 64% of observed plant entries), Mammalia (47% of observed animal costs and 50% of observed animal entries) and Insecta (46% of observed animal costs and; 10% of observed animal entries) greatly in uenced plant and animal costs, as well as the number of entries.

How do costs compare between non-protected and protected areas?

Overall, the average observed economic costs caused by IAS differed signi cantly between non-PAs and PAs, with higher average yearly observed costs incurred in PAs ($13,095.75 ± $568,459.90; median ± SD) in comparison to non-PAs ($3,473.11 ± $176.54 million) (Fig. 4a). In relation to descriptors that potentially drive these differences, only the interactions of protection status with the environment and with the continent in which the species costs incurred signi cantly in uenced observed costs (Supplementary Material 7). The percentage of variance explained by the cost model was 27.03%

(adjusted R 2 ).

In terms of the type of environments and land protection status, only terrestrial ecosystems displayed a signi cant effect with higher mean costs incurred in PAs ($13,346.13 ± $658,553.70) compared with non-PAs ($2,818.65 ± $205.40 million) (Fig. 4b). Additionally, costs in terrestrial ecosystems accounted for 72% of reported cost entries across all environments.

Examining the expenditure for IAS management across continents and land protection status (Fig. 4c), we found that the mean costs incurred by non-PAs in Africa ($99,617.04 ± $2.80 million) and South America ($31,440.13 ± $232,870.28) are signi cantly higher compared to costs incurred in PAs ($20,620.97 ± $189,979.35 for African PAs; $1,860.68 ± and $76,476.52 for South American PAs).

However in Europe, mean costs are signi cantly higher inside PAs ($7,973.45 ± $575,142.76) compared to costs incurred in non-PAs ($987.39 ± $185,394.24).

The top ve costliest species incurring costs across terrestrial environments in PAs comprised animal taxa and these are mostly mammals followed by two insects (Fig. 4d). The costliest species incurring costs in African PAs included plants (particularly terrestrial shrubs and a forb); PAs in South America are also affected primarily by plants (particularly terrestrial trees and a shrub) with the exception of the European rabbit (Oryctolagus cuniculus), which is also listed among the most costly species (Fig. 4e). The costliest species in European PAs include both animals and plants, and in contrast to Africa and South America, these mainly comprise semi-aquatic and aquatic species with the exception of the Asian hornet (Vespa velutina).

Which factors in uence invasive alien species costs across protected areas?

Factors driving the average yearly observed costs across PAs include six descriptors (three cost descriptors and three PA descriptors): year of designation, protected area size, human development index, type of environment, continent and taxonomic group;Supplementary Material 8). These descriptors explained 20.5% (adjusted R 2 ) of the variance.

Although year of designation and protected area size showed a signi cant effect in the model as covariates, when examined on their own, there were no signi cant differences across the categories (Fig. 5a,b). Nevertheless, we see that areas classi ed as PAs in the 2000s and PAs occupying 500-5000 km 2 incurred higher mean costs. Further, we found a signi cant positive relationship between the average costs of IAS and the human development index (i.e. socio-economic wellbeing of a country) (Fig. 5c).

When taking a closer look at the type of environment incurring costs within PAs, "diverse/unspeci ed" ($ 46,167.60 ± $626,494.17), "terrestrial" ($15,793.58 ± $967,180.32) and "semi-aquatic" ($14,045.07 ± $10.32 million) environments sustained signi cantly higher mean costs compared to costs incurred in "aquatic" environments of PAs ($2098.01 ± $85,976.39) (Fig. 5d). Moreover, costs in terrestrial environments within PAs contained the majority of reported costs entries (65%) but incurred only 20% of the mean costs.

The Paci c islands incurred the majority of the average yearly economic costs (74% of mean cost estimates), followed by North America (10%), Antarctica (8%), Australasia (3%), Temperate Asia (2%), Africa (2%), South America (0.5%), and Europe (0.5%) (Fig. 5e). Despite the highest mean costs reported in PAs of Paci c islands ($1,06 million ± $1.38 million), the reported number of cost entries are the lowest (2% of all cost entries). On the contrary, European PAs incurred the lowest costs ($6,825.76 ± $568,731.70) despite having the highest number of reported costs (46% of all cost entries). Lastly, the effect of continent among covariates is context-dependent, suggesting that the overall effects of spatial distribution on the magnitude of costs is signi cantly affected by IAS.

Average yearlycosts in PAs were similar for taxa classi ed as "diverse/unspeci ed" ($65,544.56 ± $1.35 million), "vertebrates" ($36,116.43 ± $3.13 million) and "invertebrates" ($23,260.56 ± $11.39 million) (Fig. 5f). However, the average costs for these two groups signi cantly differed from average "plant" costs ($7,204.72 ± $115,963.00). Although more costs were reported for plants (53% of cost entries), surprisingly, they incurred the lowest expenditure (5% of mean costs).

What insights were gained from PA managers?

The survey was lled by only six PA managers out of the 44 contacted: Ria De Villaviciosa Nature Reserve and La Palma Biosphere Reserve (Spain), Kruger National Park (South Africa), Ogasawara National Park (Japan), and Japoon National Park and Mulligans Flat (Australia). Managers generally perceived IAS as the most threatening factor affecting conservation in their PA, mainly due to their impacts on native species, native ecosystems and aesthetics (Supplementary Material 9). In four of these PAs, managers perceived the costs of managing IAS in their PAs as higher than those registered in InvaCost, with the exception of one PA manager who thought that management costs are actually lower than those reported. Half of the managers considered the budgets available for managing IAS to be insu cient, especially those available for preventing new invasions. They identi ed human capacity, funding and equipment as the main limitations of invasive species management in their PAs. Managers also reported that invasive plant management is generally prioritized over other invasive taxa. Further, they often prioritized the management of IAS which cause the highest impacts, followed by those with the smallest distribution and those for which reliable methods are available for controlling the spread. Although most managers mentioned that they are not mandated to collect data on the actions and costs of managing IAS in their PAs, they believe that it is still necessary to do so. However, not all of them consider it necessary to make this data publicly available, and those that do cannot always do so due to a lack of time and/or technical capacity.

Discussion

Where do we stand?

This study provides the rst comprehensive compilation and analysis of reported costs of biological invasions in PAs around the world: which amounts to $22.13 billion over the last 44 years .

The highest observed costs from invasions in PAs were found in Africa, and the highest number of reported entries was in Europe. These costs were caused primarily by vertebrates and to a lesser extent by owering plants (though more costs were reported for plants). Most costs were incurred post-invasion and largely affected PA authorities and stakeholders. We also found that, in general, mean invasionrelated costs in PAs were higher compared to paired non-PAs. Further, vertebrates (particularly mammals)

and invertebrates (particularly insects) were found to be the most expensive to manage in terrestrial environments. Additionally, we found that the mean costs of IAS depended on a country's human development index, the type of environment, continent, and taxonomic groups. Further, research effort, as re ected by the number of cost entries, was inversely correlated with the magnitude of observed costs. Additionally, according to managers' views, although IAS are perceived as a major threat, several limitations (e.g. time, budgets and technical capacity) reportedly impede effective conservation.

Economic cost reporting in protected areas

The reporting of economic costs of invasions in PAs has not increased equivalently to increases in reporting of costs observed more broadly. Sporadic cost reporting for PAs, as evidenced by the data and the literature points towards a lack of reporting structures, mechanisms and/or incentives for logging invasion costs, and/or methodological expertise for monetary quanti cations (Diagne et al. 2020a;[START_REF] Robertson | A proposed uni ed framework to describe the management of biological invasions[END_REF]. Moreover, the results of our survey suggest that these data might exist but, due to a lack of human capacity, time or interest, they are not often made publicly available. Nevertheless, costs have steadily increased over time in PAs, both in terms of magnitude and the numbers of reported cost entries. A vast majority of costs in PAs emanate from predictions, models or simulations (i.e. "potential" costs in the database) and therefore further work is needed, wherever possible, to capture and report invasion costs on the ground. Lastly, the fact that our dataset shows potential costs were reported 15 years after observed costs, likely re ects recent advancements in modelling techniques.

Taxonomic bias in economic costs and scienti c studies

Our study, like many others in invasion science [START_REF] Pysek | Geographical and taxonomic biases in invasion ecology[END_REF] (2008), who suggest that invertebrates are abundantly studied, we found that insects had the second highest reported costs in PAs. These costs were mostly driven by the mango pulp weevil (Sternochetus frigidus), followed by the Asian tiger mosquito (Aedes albopictus). Mango pulp weevil costs were all from the Palawan game refuge and bird sanctuary. The high investment in controlling this weevil is likely due to mango being the third most important fruit crop in the Philippines. By feeding on the fruit, the weevil destroys its production and marketability [START_REF] Mckinley | An economic assessment of the impact of mango pulp weevil on the agricultural sector of Palawan, Philippines[END_REF]. Mosquitoes pose a signi cant threat to humans, as they can serve as vectors of pathogens which can lead to the spread of diseases [START_REF] Schaffner | Public health signi cance of invasive mosquitoes in Europe[END_REF]. In this study, the high expenses for the Asian tiger mosquito were incurred in the Réunion National Park, which is not surprising since this species has become a major human health concern across the island of Réunion in the Western Indian Ocean [START_REF] Latreille | High genetic diversity but no geographical structure of Aedes albopictus populations in Réunion Island[END_REF]).

Although we found that plants are managed more often in PAs (as shown in both the Protected Area and WDPA subsets), their reported observed costs are substantially lower than those of mammals. Flowering plants accrued the highest reported expenses, with most costs associated with the aquatic plant, Ludwigia peploides, and trees belonging to the genera Acacia, Pinus and Hakea. Expenses for L. peploides were all incurred in French PAs and this is likely due to their high invasion success and associated impacts in France [START_REF] Dandelot | Allelopathic potential of two invasive alien Ludwigia spp[END_REF]. Globally, invasive trees have signi cant (and growing) impacts on the environment and the economy [START_REF] Richardson | Trees and shrubs as invasive alien species -a global review[END_REF][START_REF] Hirsch | Introduction to the special issue: Tree invasions: towards a better understanding of their complex evolutionary dynamics[END_REF]), hence it is not surprising that trees incur the second highest costs in this group. Potential reasons for the higher number of reported cost entries include the fact that invasive alien plants are generally studied more than other taxonomic groups [START_REF] Pysek | Geographical and taxonomic biases in invasion ecology[END_REF][START_REF] Warren | A systematic review of context bias in invasion biology[END_REF]) and also because they can successfully dominate many ecosystems [START_REF] Pyšek | Naturalized alien ora of the world: species diversity, taxonomic and phylogenetic patterns, geographic distribution and global hotspots of plant invasion[END_REF]. However, despite this bias, plants were found to incur the lowest monetary costs. This may be attributed to the di culty and high management costs associated with plant control and/or eradication [START_REF] Gardener | Eradications and People: Lessons from the Plant Eradication Program in Galapagos[END_REF]. For example, species with the ability to form persistent seed banks are complex to control and require regular follow ups in order to effectively deplete their seed banks [START_REF] Gioria | Soil seed bank in plant invasions: promoting species invasiveness and long-term impact on plant community dynamics[END_REF][START_REF] Strydom | Invasive Australian Acacia seed banks: Size and relationship with stem diameter in the presence of gall-forming biological control agents[END_REF]. Such species require high control effort (e.g. long-term monitoring and management), and/or their failed control attempts may have not been reported, potentially distorting the true magnitude of damage costs and management expenditure [START_REF] Zenni | The elephant in the room: the role of failed invasions in understanding invasion biology[END_REF]. This highlights the importance of persevering with control efforts, as well as creating awareness of the importance of reporting all invasion costs. Lastly, looking at the type of costs associated with these species, it is apparent that the prevalent management focus on mammals (pigs and rats), insects (mango weevil), and plants (water primrose) in PAs is mostly a result of their associated damage costs (i.e. damage was the second highest type of observed cost reported after post-invasion management).

Geographical bias in economic costs and scienti c studies IAS research in PAs has shown to be geographically biased towards the Americas and Paci c islands while less frequently studied regions include Europe, Africa and Asia [START_REF] Hulme | Greater focus needed on alien plant impacts in protected areas[END_REF]). However, with regard to economic studies, this pattern does not hold true. We show that observed costs are more frequently reported in regions including Europe, followed by Africa and South America while cost reporting in the Paci c islands are considerably lagging. European efforts can be attributed to two factors. Firstly, Europe contains the most number of PAs in the world (n=158,450; UNEP-WCMC and IUCN

2019

). As such, these cost patterns are likely an artefact of the available literature. Alternatively, the higher number of PAs in Europe may provide more opportunities to study invasions across different landforms, islands, peninsulas and climates. Secondly, the implementation of the European Union's Natura 2000 PA network, the largest coordinated network of PAs in the world, possibly plays a major role in shaping this pattern since part of the action plan is to stimulate monitoring and reporting across the networks (European Environmental Agency 2012). Accordingly, the increase in entries in our database since the early 1990s coincides with establishment of the Natura 2000 PA network.

Despite the higher research effort in European PAs, African and South American PAs incur substantially higher total observed costs. The majority of recorded costs in Africa have been accrued in South Africa (i.e. Western Cape Province and Kruger National Park), a leader in invasion biology research with a long history of conservation efforts [START_REF] Van Wilgen | Biological Invasions in South Africa: An Overview[END_REF]). The substantial investment in IAS management in the Western Cape can be attributed to South Africa's Natural Resources Management Programme (formerly the Working for Water programme) whose purpose is to remove invasive plants from catchments to increase water yields and restore biodiversity, as well as create jobs [START_REF] Van Wilgen | Changing Perspectives on Managing Biological Invasions: Insights from South Africa and the Working for Water programme[END_REF]. Moreover, research effort in this region has also been driven by the Centre of Excellence for Invasion Biology in South Africa [START_REF] Richardson | South Africa's Centre for Invasion Biology: An Experiment in Invasion Science for Society BT -Biological Invasions in South Africa[END_REF]. Kruger National Park is burdened by the highest number of IAS in South African National Parks and control efforts have taken place since the 1950s [START_REF] Foxcroft | Seven decades of institutional learning: Managing alien plant invasions in the Kruger National Park, South Africa[END_REF]Foxcroft et al. 2017b). In South American PAs, most research investment, as re ected by the high observed total costs, largely occurred in the Galápagos Islands,

Ecuador, where IAS are the biggest biodiversity threat [START_REF] Trueman | Residence time and human-mediated propagule pressure at work in the alien ora of Galapagos[END_REF]. Consequently, the high economic costs reported on these islands may be the result of intensive management activities [START_REF] Gardener | Eradications and People: Lessons from the Plant Eradication Program in Galapagos[END_REF][START_REF] Gardener | A Pragmatic Approach to the Management of Plant Invasions in Galapagos BT -Plant Invasions in Protected Areas: Patterns, Problems and Challenges[END_REF], as well as the importance of the Galapagos Islands to both biology and tourism (Ballesteros-Mejia et al. in press).

Costs drivers between protected and non-protected areas

There is a notable difference in the total observed mean costs of IAS accrued inside ($74.61 million) and outside ($6.18 billion) PA environments. This can be attributed to several factors. Firstly, PAs only cover up to 15% of the planet's land surface. As such, even though a signi cantly high amount of money is spent inside PAs on average, we suggest that higher investments should be considered for IAS in non-PAs. Land use and other impacts outside PAs signi cantly in uence species and ecosystems within PAs [START_REF] Foxcroft | Protected-area boundaries as lters of plant invasions[END_REF][START_REF] Liu | in press) Economic costs of biological invasions in Asia. NeoBiota Liu X[END_REF], and therefore managing IAS outside PA networks is necessary to ensure effective conservation within PA networks. Nevertheless, although we matched PA and non-PA costs according to their environment, taxonomic group and continent, we could not verify whether these non-PAs and PAs are ecologically connected. Secondly, in comparison to non-PAs, PAs are species rich [START_REF] Gray | Local biodiversity is higher inside than outside terrestrial protected areas worldwide[END_REF]) and should comply with the long standing hypothesis of biotic resistance (i.e. high native species richness reduces the success of invading species). Consequently this potential "lower invasion success" may explain the comparatively lower total costs incurred inside PAs. Third, PAs are likely to be subject to less anthropogenic activity with less human-made infrastructure or economic activities that can be damaged or degraded by invasions compared to non-PAs. This is either because

PAs have been established in relatively pristine areas or because their protection status inherently limits potential environmentally-detrimental economic activities. Non-PAs may therefore be more likely to incur resource damage or loss costs, whereas PAs are more likely to incur management costs. Lastly, given the inadequate funding available to PAs (Shackleton et al. 2020b), managing invasions can be a challenge, as also evidenced by the response of PA managers in our survey.

Our results show that the HDI markedly in uences the economic costs of IAS in PAs. This signi cant correlation with economic costs but a low R-squared value suggests that although HDI is a signi cant driver, it does not explain much of the variability in the cost estimates. Even so, this positive effect between the degree of wealth and conservation decisions is likely due to developed countries being more aware, having the ability to better document damage costs, and most importantly having more means to manage IAS [START_REF] Nuñez | Biological invasions in developing and developed countries: does one model t all?[END_REF]. In addition, for most developing countries, the primary goal of economic growth does not always go hand in hand with conservation goals. Consequently, major environmental problems, such as biological invasions, continue to be a challenge in countries with fragile economies [START_REF] Early | Global threats from invasive alien species in the twenty-rst century and national response capacities[END_REF]. Further, invaders from terrestrial and semi-aquatic environments have the highest costs while aquatic taxa have the lowest. The high costs associated with terrestrial species are likely driven by vertebrates (particularly mammals) and invertebrates (particularly insects) which were found to be the most costly in this environment, while the high semi-aquatic costs likely re ect taxa such as mosquitoes, which cause high health costs and have an aquatic life stage. The low costs for aquatic species is likely due to the cryptic nature of submerged environments and the respective di culty in managing their invasive populations (e.g. aquatic macrophytes). Further, the challenges and high costs of monitoring in aquatic systems often result in identifying aquatic IAS at an advanced invasion stage, which may result in a limited understanding of their costs.

Overcoming management challenges in protected areas

The control and eradication of IAS in PAs are time-and resource-consuming, and prioritization schemes are necessary in light of limited available budgets for conservation [START_REF] Ziller | A priority-setting scheme for the management of invasive non-native species in protected areas[END_REF]. Information on the costs of IAS can serve as valuable input to priority-setting schemes aimed at managing biological invasions in PAs. This becomes even more important given that most countries have a limited capacity to effectively respond to invasions [START_REF] Mccarthy | Financial costs of meeting global biodiversity conservation targets: current spending and unmet needs[END_REF][START_REF] Early | Global threats from invasive alien species in the twenty-rst century and national response capacities[END_REF][START_REF] Faulkner | Stronger regional biosecurity is essential to prevent hundreds of harmful biological invasions[END_REF], and decisions about resource allocation for biosecurity, control and post-invasion management are thus often made on an ad hoc basis (Epanchin-Niell 2017; Liebhold and Kean 2019; Kourantidou and Kaiser 2021). Knowledge of IAS economic costs is key to help PA managers invest in efforts that optimize large scale positive results at the lowest possible cost [START_REF] Gallardo | Priority setting for invasive species management: risk assessment of Ponto-Caspian invasive species into Great Britain[END_REF].

Lower expenditure on pre-invasion than post-invasion management suggests that management strategies are more reactive than proactive and indicates that management costs are much higher than prevention costs. This pattern may extend beyond PAs, as this type of reactive management has also been noted in non-PAs of Central and South America (Heringer et al. in press). Further, the dominance of post-invasion management expenditure points to the need for more preventative measures, such as biosecurity, to curtail the increased expenses associated with late-stage invasion management (see for example, [START_REF] Leung | An ounce of prevention or a pound of cure: bioeconomic risk analysis of invasive species[END_REF]. Given that preserving biodiversity is one of the main goals of PAs (although in some cases goals are combined with others depending on the management category of the PA; see https://www.iucn.org/theme/protected-areas/about/protected-area-categories), pre-invasion management is seen as essential to avoiding the myriad impacts of IAS on native species and ecosystems.

Responses from our survey show that managers understand the importance of preventative measures. This is re ected through managers' efforts to control species before they are widespread and abundant, though this approach is partly attributed to a lack of resources to face higher costs expected once IAS become widespread. Further, as the PAs selected for the survey are either national parks (which protect natural biodiversity and large-scale ecological processes) or reserves (where human visitation, use and impacts are strictly controlled), it is expected that they correspond to PAs where biodiversity conservation is a top priority for management. Therefore, we can expect that if time, budgets and capacity impede IAS management in these PAs, it is likely that the big picture of PA conservation might be even worse.

Serious cost underestimation in protected areas

While biological invasions continue to the e cacy of PAs in conserving biodiversity remains limited [START_REF] Rodrigues | Effectiveness of the global protected area network in representing species diversity[END_REF][START_REF] Liu | in press) Economic costs of biological invasions in Asia. NeoBiota Liu X[END_REF]. Generally, the effectiveness of management can differ markedly across PAs, with just 22% of PAs recognized as having "sound management" [START_REF] Leverington | A global analysis of protected area management effectiveness[END_REF]. Ineffective management of these so-called "paper parks" (i.e. parks in name only which provide little or no protection) mainly stems from a lack of investment. This is the case of many PAs from developing countries due to chronic nancial de cit [START_REF] James | A global review of protected area budgets and staff[END_REF][START_REF] Wilkie | The under-nancing of protected areas in the Congo Basin: so many parks and so little willingness to pay[END_REF][START_REF] Gill | Capacity shortfalls hinder the performance of marine protected areas globally[END_REF][START_REF] Lindsey | More than $1 billion needed annually to secure Africa's protected areas with lions[END_REF]. [START_REF] Balmford | Economic reasons for conserving wild nature[END_REF] suggested yearly investments of approximately $45 billion (over 30 years) to e ciently maintain an expanded network of tropical PAs covering 15% of terrestrial and 30% of marine ecosystems; a study by [START_REF] Mccarthy | Financial costs of meeting global biodiversity conservation targets: current spending and unmet needs[END_REF] put forward that $76 billion per year is needed to conserve terrestrial PAs globally; [START_REF] Balmford | The worldwide costs of marine protected areas[END_REF] proposed that it would cost $5-19 billion per year to conserve 20-30% of marine ecosystems globally; and nally, [START_REF] Lindsey | More than $1 billion needed annually to secure Africa's protected areas with lions[END_REF] suggested that $1-2 billion per year are required to conserve African PAs with lions. PAs in developing countries generally receive signi cantly less funding than that required for basic conservation management (James et al. Bruner et al. 2004). Our results reveal that although PAs in continents such as Africa and South America incurred higher costs, they do not equivalently invest in IAS management. More importantly, this suggests the need for prioritizing investments in highly impacted PAs of the world. Further, the taxa highlighted in this paper, as well as, in the number of reported entries and the inadequate funding suggested by the PA managers indicates that current reporting of IAS costs in PAs is greatly underestimated.

PAs serve as the backbone of global conservation and biological invasions are a key driver of change in PAs (Foxcroft et al. 2017a;Shackleton et al. 2020a,b). A variety of factors are responsible for the economic costs incurred by PAs, many of which have not been captured in this study, either due to data de ciency and/or because other key factors have not been assessed (e.g. time lags or species richness).

Moreover, we may lack knowledge for under-studied regions or taxa. Nevertheless, our study shows that many IAS have already caused signi cant management and damage costs across all environments and continents. If not managed resourcefully, their impacts can only be expected to intensify. Globally, the number of IAS are expected to increase as more species are introduced via global trade and more invasions are discovered as a result of invasion debt [START_REF] Essl | Socioeconomic legacy yields an invasion debt[END_REF][START_REF] Seebens | No saturation in the accumulation of alien species worldwide[END_REF][START_REF] Seebens | Projecting the continental accumulation of alien species through to 2050[END_REF]. As such, we strongly encourage comprehensive economic estimations and reporting of current (observed) and future (potential) management costs across PAs in order to improve IAS management. This will provide an opportunity to maximize return on conservation investments which will have a signi cant impact on biodiversity outcomes in PAs. Figure 5 
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  , re ects a strong taxonomic bias, in terms of economic costs, research effort and taxonomic awareness(Rico-Sanchez et al. 2020). Invasive predatory mammals are largely known to have the most devastating effects on biodiversity worldwide(Doherty et al. 2016;[START_REF] Liu | in press) Economic costs of biological invasions in Asia. NeoBiota Liu X[END_REF]). This aligns with ndings in this study that mammals are the most costly to manage in PAs, and is similar to patterns within PAs of other countries (see for exampleRico- Sánchez et al. 2021 in México or Ballesteros-Mejia et al. 2021 in Ecuador). In particular, wild boar (Sus scrofa) and rats (Rattus spp.) incurred the highest overall mean costs. Further, in line withPyšek et al. 
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