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Abstract 1 

1. Despite advances in conservation efforts within Europe during recent decades, assessments 2 

highlight a need for adequate financing mechanisms to support the Natura 2000 network; the 3 

centrepiece of the EU´s Biodiversity Strategy. Besides the need for greater investment 4 

(currently only covering a fifth of the estimated cost of the network), better planning for this 5 

investment could help better achieve conservation goals.  6 

2. We demonstrate a method that could be used to identify priority Natura 2000 sites, and 7 

species therein, that could guide investment in the future. We first used the lists of key species 8 

associated with each Natura 2000 site to map the distribution of all priority species covered by 9 

the Birds and Habitats Directives. We then used Marxan software to prioritise allocation of 10 

conservation funds among all Natura 2000 sites, while trying to mimic the observed 11 

conservation effort implemented under the LIFE Program, the main financial tool of the EU´s 12 

Biodiversity Strategy, in the period 1992-2013. 13 

3. Some Natura 2000 sites show exceptional value, holding species that either do not, or only 14 

very rarely, occur elsewhere in the network. These priority sites were concentrated mainly on 15 

islands and in the south western, eastern and northern extremes of Europe´s mainland thus 16 

reflecting patterns in species richness and endemism.  17 

4. We found a poor relationship between the priorities identified here and the way funds had 18 

been distributed in previous LIFE-Nature Programs.  19 

5. Policy implications. We propose that prioritisation exercises like the one shown here could be 20 

used to inform a top-down EU regulation mechanism by providing lists of site and species 21 

priorities that better reflect European conservation needs. These recommendations, performed at 22 

continental scale, could then help guide LIFE project proposals from the Member States and fill 23 

the current gap in the coverage of priority species. This top-down control mechanism could be 24 

integrated in the current system of budget distribution, rather than replacing it completely, to 25 

enhance the efficiency of conservation investment in the EU and achievement of continental 26 

goals. 27 

 28 

Keywords: Birds Directive, financial mechanisms, Marxan, Habitats Directive, prioritisation, 29 
top-down, EU, biodiversity strategy, Natura 2000, conservation 30 
 31 
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Introduction 33 

The Natura 2000 network is the centrepiece of the EU´s Biodiversity Strategy, which aims to 34 

halt and reverse the loss of biodiversity in Europe by 2020 (EC, 2011a). To achieve this goal, 35 

the EU has declared over the last decades more than 27,000 Natura 2000 sites, which cover >1 36 

million km2 (18.3% of the land surface and about 6 % of marine area) in the EU, becoming the 37 

World’s largest network of protected areas (EEA, 2012). This network includes sites designated 38 

for protecting species and/or habitats listed as priority in the Habitat and the Birds Directives. 39 

The implementation of the EU´s environmental policy has been recently reviewed by the 40 

European Commission as part of the regulatory fitness and performance programme (REFIT; 41 

EC 2014). The preliminary findings of this assessment indicate that although there have been 42 

substantial advances in the implementation of the Natura 2000 network, more progress is 43 

needed in areas such as the development of conservation measures and adequate financial 44 

mechanisms (EC, 2016). There is evidence of the positive impact of the Directives on the EU´s 45 

biodiversity (e.g., Sanderson et al. 2015; Kallimanis et al. 2015), although the overall 46 

improvement reported for species in favourable condition in the last assessment (EEA, 2015) 47 

has been very small (1-2% more species in favourable status than in 2007), while there is still a 48 

significant proportion of species whose condition continues deteriorating (European Court of 49 

Auditors, 2017).  50 

As a continental initiative that pursues continental targets, the Natura 2000 network is based on 51 

the principle of solidarity between Member States. Although the main responsibility for 52 

financing this network resides in each State, the Habitats Directive explicitly recognises the 53 

need of financial support by the EU to ensure its adequate implementation. The cost associated 54 

with managing Natura 2000, including the management and monitoring actions or the 55 

development of management plans, was estimated in 2010 at about €5.8 billion annually 56 

(Kettunen et al., 2011). There are different mechanisms to contribute to funding Natura 2000, 57 

including the European Agricultural Fund for Rural Development (EAFRD), Structural and 58 

Cohesion Funds (ERDF), the European Fisheries Fund (EFF), 7th Framework Program for 59 
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Research and Development and the LIFE Program. Despite all these different sources being 60 

available, the investment made has been insufficient to cover the needs. Kettunen et al. (2011) 61 

estimated that the financial allocations for Natura 2000 from the EU budget were between €550 62 

– €1150 million annually in the period 2007-2013, which only represents between 9‐19% of the 63 

financing needs and a very small portion (>0.5%) of the EU´s budget. With the exception of the 64 

LIFE Program, funds are not earmarked for conservation and then not secured for actions 65 

directly related to the implementation of Natura 2000 and conservation of biodiversity 66 

(Kettunen et al, 2009). For this reason, LIFE has become the main financial tool for the 67 

implementation of conservation projects in Europe (Hermoso et al., 2017). Because of the poor 68 

integration of Natura 2000 in mainstream EU funding schemes there is a risk that the available 69 

funds continue to be insufficient to attain the conservation goals pursued by the EU (European 70 

Court of Auditors, 2017).  71 

Despite the financial effort being made since 1992 under the LIFE program, Hermoso et al. 72 

(2017) reported that there were some aspects to be improved in terms of distribution of funds to 73 

address the poor coverage of threatened priority species, and regions where they occur, and then 74 

better cover continental conservation needs. About only half of the species listed in the 75 

Directives, mostly Least Concern species according to IUCN assessments, had received funds 76 

from the LIFE-Nature Program until 2013. Hermoso et al. (2017) argued that a better planning 77 

at the continental scale is needed to identify priority species and regions where to focus LIFE 78 

investment and fill the conservation gaps. This is especially important given the very limited 79 

financial resources available and the strong spatial differences in funding needs and capacity to 80 

cover them.  81 

Here, we show how investment in Natura 2000 under the LIFE Program could be spatially 82 

prioritised to increase the coverage of priority species and then help fill the gap identified in 83 

Hermoso et al. (2017). We use Marxan (Ball et al., 2009), a commonly applied tool to inform 84 

decision-making in conservation, to identify priority sites in Natura 2000 for investment in 85 

conservation actions for all priority species listed in the Directives. We also compare the 86 
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benefits of this approach against the observed pattern in investment in the period 1992-2013 in 87 

terms of spatial coverage of conservation needs in the EU and discuss how it could be 88 

incorporated into the existing mechanisms of distribution of funds.  89 

 90 

Materials and Methods 91 

Data on Natura 2000 and species distribution 92 

We sourced the most up to date extent of Natura 2000 from the European Environmental 93 

Agency (http://www.eea.europa.eu/data-and-maps/data/natura-5). We then used this dataset to 94 

map the spatial distribution of species, by using the list of key priority species for which each 95 

Natura 2000 site was declared. Although these lists do not comprise a complete inventory of 96 

species per Natura 2000 site they represent local and continental conservation priorities, given 97 

that they reflect the reasons for which each Natura 2000 site was declared in accordance to the 98 

Habitats and Birds Directives. Moreover, LIFE funds focus on projects that target specifically 99 

these species (although other threatened species are also eligible) as they are all considered 100 

priority in the Directives, making these lists especially relevant for our purposes. The final 101 

dataset on species distribution contained 336,264 records of 1,348 species across 22,732 Natura 102 

2000 sites (Fig. 1). 103 

 104 

Spatial prioritisation of LIFE projects 105 

We used the software Marxan (Ball et al., 2009) to prioritise the allocation of LIFE-Nature 106 

projects to cover all of the species listed in the annexes of the Habitats and Birds Directives. In 107 

order to simulate the observed patterns in already funded projects we limited the number of 108 

species per project to 4, which is the median of species funded per project in the period 1992-109 

2013. Whenever a Natura 2000 site had more than 4 species listed, a random subset of these 110 

species was selected and made available for the prioritisation process. This simulation was run 111 

1000 times to account for the effect of stochastic selection of species. The limitation in the 112 
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number of species available constrained the total number of species considered in each 113 

simulation to a subset of the total (767.5±11.1 species; average ± SD), although all of the 114 

species were present in at least one simulation, which means that every species would be 115 

covered by at least one solution. This approach also helped to account for the large differences 116 

in the number of species listed across Natura 2000 sites (range 1-303, Fig., 1) and avoid under 117 

representing species-poor sites in the solutions.  118 

For each of the 1000 simulations we ran Marxan 100 times (5 million iterations each) and 119 

retained the best solution found for each simulation for further analyses. The best solutions 120 

among all 100 runs was identified as the one with the lowest score for the objective function 121 

being minimised (see below). To replicate the number of projects per species in the period 122 

1992-2013, we set a target of two for each species so every species would be represented in at 123 

least two projects. Given the lack of consistent data on costs of projects for different species 124 

(not all species had been previously funded by LIFE-Nature and no data on the investment made 125 

per species were available) we opted for using a constant cost for all planning units or Natura 126 

2000 sites in our case (cost=1). Under this assumption our optimisation problem translated into 127 

identifying a minimum set of Natura 2000 sites on which each subset of species could benefit 128 

from at least two LIFE projects. In addition, we did not use the boundary penalty available in 129 

Marxan´s objective function, given we were not interested in spatially clumping solutions. 130 

Therefore, our optimisation problem was: 131 

ci

m

i
xi

1

min   Formula 1 132 

Subject to jt jai

m

i
xi 

1
 Formula 2 133 

where, xi is a control variable that takes a value of 1 when the Natura 2000 site i is selected and 134 

0 otherwise; ci is the cost of each i; ai is the benefit for each species j provided by each i 135 

(presence of species in a given Natura 2000 site in our case); and tj is the target for each species. 136 
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Under these premises the objective function that we tried to minimise was as stated in Formula 137 

3. 138 

Formula 3 139 

Where there are n species under consideration; SPFj is a Species Penalty Factor or weighting 140 

factor that applies for not achieving the desired representation target for each species j; H(s) is a 141 

Heaviside function that takes a value of 0 when s/tj≤0 and 1 otherwise; s the shortfall in targets 142 

no achieved and is measured as tj-representation achieved (Formula 2); the ratio s/tj equals 1 143 

when the species j is not represented within the solution and approaches 0 as the level of 144 

representation approaches the target amounts. We used a constant SPF=10 for all species to 145 

ensure they all achieved the desired representation target. 146 

We repeated the prioritisation process on the 1000 subsets of species, which derived 1000 best 147 

solutions as mentioned above. We then summarised them by calculating the frequency of 148 

occurrence of each Natura 2000 site across all best solutions and the frequency with which each 149 

species was selected in each Natura 2000 site. In this way, we obtained an estimate of the 150 

relative importance of each Natura 2000 site across Europe regardless of the particular selection 151 

of species being tested and the relevance of each Natura 2000 site for funding conservation for 152 

each species. To rule out the potential effect of the threshold used to the number of species 153 

allowed per project, we repeated the analyses by using two alternative thresholds (three and five 154 

species) and checked for the spatial concordance in selection frequency among results. 155 

 156 

Comparison between LIFE-Nature projects and prioritisation results 157 

Information on each of the 1,488 LIFE-Nature projects that were funded in the period 1992-158 

2013 was recorded from the public database available at http://ec.europa.eu/environment/life/ 159 

for further comparisons with the results obtained from the prioritisation analyses. We retained 160 

all projects that targeted at least one species (n=1,288 projects) and compiled available data on 161 

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =   𝑐𝑖

𝑚

𝑖=1

𝑥𝑖 +  𝑆𝑃𝐹𝑗

𝑛

𝑗=1

𝐻(𝑠)  
𝑠

𝑡𝑗
  



8 
 

financial information, spatial allocation (Natura 2000 sites where it was implemented) and 162 

species that benefited from each project´s report.  163 

Given that we use a constant cost per project, we could not make direct comparisons between 164 

investment made under LIFE and the suggested in our results. However, we compared the 165 

distribution of conservation efforts in LIFE-Nature and the prioritisation exercise by computing 166 

the total number of species that had been targeted by these projects, the number of Natura 2000 167 

sites selected, the number of projects per species and the combination of number of species x 168 

number of projects, as an estimate of the total benefit derived from the projects already funded 169 

under the LIFE-Nature program and our approach.  170 

 171 

Results 172 

The optimisation algorithm in Marxan was able to fulfil the representation target for all species 173 

whenever possible (ie., species occurred in ≥2 Natura sites). We found that on average 3,084 174 

Natura 2000 sites were needed to represent 767.5 species. On the other hand, a total of 5,061 175 

Natura 2000 sites and 689 species benefitted from the 1,288 LIFE-Nature projects funded 176 

between 1992-2013 targeting at least one species. The total benefit in terms of number of 177 

projects/ species and projects x species would be two-three times higher under the prioritisation 178 

approach than the observed in LIFE (Table 1). 179 

The spatial distribution of Natura 2000 sites selected by Marxan at least once (n= 13, 765 sites) 180 

was evenly distributed across Europe, although there were some regions with a higher 181 

prevalence of sites recursively selected across all simulations (selection frequency >750 in Fig. 182 

2). These included most of Atlantic islands of Spain and Portugal, Cyprus, several Greek 183 

islands, Corsica and the Balearic Islands (Supplementary Figure 1). In mainland Europe, some 184 

regions in Portugal, Southern Spain, Croatia, Hungary, Slovenia, Czech Republic and Northern 185 

Sweden stood out with several Natura 2000 sites with a high selection frequency regardless the 186 

subset of species being tested across the 1000 simulations (Supplementary Figure 1). This 187 
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selection frequency was independent of the richness in key species, the relative commonness of 188 

species of each Natura 2000 (Supplementary Figure 2) and the threshold to the number of 189 

species selected per project (Pearson´s R2=0.95 and R2=0.96 between the selection frequency of 190 

Natura 2000 when using three and four species and five and four species thresholds 191 

respectively).  192 

There were different spatial patterns in the selection frequency for common species (Fig. 3). For 193 

example, Lanius collurio, despite being listed in 4,727 sites, was preferentially selected in 194 

Natura 2000 sites of central Germany. Even rare species that are listed in only a few Natura 195 

2000 sites showed spatial differences in the selection frequency across the few sites were they 196 

occur (e.g., Lynx pardinus in southern Spain, which was preferentially selected in Natura 2000 197 

sites towards the southern distribution of the species). 198 

 199 

Discussion 200 

The spatial prioritisation of conservation efforts seems an unavoidable option (Hochkirch et al., 201 

2012) given the need for more effective investment in Natura 2000 reported in recent studies 202 

and EU´s reports. These assessments point towards the necessity to improve the impact of the 203 

Birds and Habitats Directives on species´ conservation status, which has been small to date, and 204 

get closer to the achievement of the EU´s Biodiversity Strategy goals. However, the financial 205 

resources available are very limited and only cover a small proportion of what is needed 206 

(Kettunen.et al., 2011). Here, we have illustrated with a practical example how LIFE funds 207 

could be spatially prioritised to cover all species listed as priority in the Directives. Our results 208 

highlight Natura 2000 sites, and the species within them, that should receive preferentially funds 209 

for their strategic value to the achievement of continental conservation goals.  210 

Although all Natura 2000 sites have intrinsic value for conservation as they have all been 211 

declared for protecting priority species and habitats, not all of them contribute equally to the 212 

achievement of the continental conservation goals. There are some Natura 2000 sites of 213 
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exceptional value at the EU scale as they hold species and/ or habitats that do not occur 214 

elsewhere in the network or they do it very rarely. This is the case for example of most of 215 

islands in the Atlantic and Mediterranean Sea. For this reason, they appeared with the highest 216 

prevalence in our prioritisation regardless the particular set of species being used across 217 

simulations. The pattern in selection frequency in Europe´s mainland was related to the regional 218 

pool of species and their relative distribution range. For example, Mediterranean regions have 219 

higher richness and degree of endemism than other regions in the EU (e.g., Baquero and 220 

Telleria, 2001; Kukala et al., 2016), which made them more irreplaceable in the prioritisation 221 

process. Moreover, although less species-rich, some regions in northern and eastern Europe 222 

were consistently selected to represent the unique set of species that do not occur anywhere else 223 

within the EU (e.g., the wolverine Gulo gulo or Primula scandinavica). 224 

The approach that we introduce could be used to enhance the implementation of Natura 2000 225 

through better planned distribution of conservation efforts and cover more effectively the 226 

conservation needs derived from the EU´s Biodiversity Strategy. As currently done, available 227 

funds are distributed proportionally across Member States based on national population and the 228 

extent of Natura 2000 (EC, 2013a) to secure geographical balance in investment. The selection 229 

of projects to be co-funded under that national allocation is done on the basis of national 230 

priorities or recommendations made by each country (EC, 2007). However, given the spatial 231 

heterogeneity in the distribution of priority species (e.g., Kukkala et al., 2016), this system is 232 

prone to imbalances in the coverage of conservation needs (e.g., Hermoso et al. 2017) or 233 

inefficiencies associated with redundancies in the investment (e.g., same species covered by 234 

multiple projects in different countries). These imbalances are further increased by the 235 

differences in financial capacity by Member States to complementing EU funding for 236 

biodiversity with national resources, which constrains even more the uptake of EU funds 237 

(Torkler et al 2008). The regions with the highest number of priority species listed in the Birds 238 

and Habitats Directives are also the ones with the lowest funding capacity estimated from their 239 

GDP (Pearson´s R=-0.36, p<0.001). So, the principle of cohesion that guides EU´s policy 240 
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should translate into a larger EU contribution in the least rich countries that make the largest 241 

contribution to the achievement of the EU´s Biodiversity Strategy as they hold large numbers of 242 

priority species and habitats. Several voices claim for the urgency of higher investment to help 243 

solve this problem (Hodge et al. 2015; Kati et al. 2015). An increase in the overall investment 244 

devoted to biodiversity conservation is highly desirable to help fill the gap between budget 245 

needs and availability (European Court of Auditors, 2017). However, the problem of under-246 

financing areas with a large conservation responsibility and less financial capacity could remain 247 

under the same national allocation system. So it seems that a new mechanism of budget 248 

allocation is needed if continental conservation goals are to be efficiently achieved.  249 

We propose that a prioritisation exercise, like the one we show here, could be used as the basis 250 

for a top-down regulation mechanism from the EU, that informs on priority sites, and the list of 251 

priority species within them, that should be the focus of investment by the LIFE Program. These 252 

recommendations, made at continental scale, should then help to foster project proposals from 253 

the Member States focused on the identified priorities. This top-down control mechanism could 254 

be integrated in the current system, rather than replacing it. So, for example, the bottom-up 255 

process of project proposals from Member States could be guided a priori by the top-down 256 

control mechanism regulated by the EU. In this way, the EU could try to encourage Member 257 

States to propose projects (e.g., Natura 2000 sites and the species for which the site was spotted 258 

as priority) that cover the priorities identified in continental prioritisation exercises. These 259 

priorities could also be periodically revised, for example after each LIFE program, to account 260 

for the investment already done and the new conservation needs that might emerge. This focus 261 

of attention on priority projects should not prevent from also encouraging other proposals (e.g., 262 

not centred on priority projects). However, this top-down control does not solve the problem by 263 

itself as the investment in priority projects would still be limited by national allocations, for 264 

example. New financial mechanisms or rules are then needed to complement, and not 265 

necessarily substitute, existing ones. Although beyond the scope of this study, there might be 266 

different alternatives to facilitating a more balanced investment in priority projects such as i) by 267 
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modifying the co-funding rules, so priority projects would receive a higher co-investment by the 268 

EU (currently fixed at a maximum of 75%), or ii) by allocating a fixed proportion of the 269 

available budget for priority projects similar to already existing allocations for different types of 270 

projects (EC, 2013a).  271 

Finally, a more integrated funding model for biodiversity conservation within all the different 272 

sources available is needed to further embed the implementation of the EU’s Biodiversity 273 

Strategy goals into other relevant policy sectors and close the financial gap that might be 274 

limiting our capacity to halt biodiversity loss in Europe. As argued above, the increase in funds 275 

is no warranty of appropriate coverage of conservation needs and should be complemented with 276 

adequate planning, for example through prioritisation exercises like we demonstrate here. 277 

Future funding opportunities for biodiversity conservation might arise from growing initiatives 278 

at continental scale, such as the development of a network of green infrastructure that aims to 279 

identify priority areas for enhancing the connectivity among Natura 2000 sites and maintaining 280 

ecosystem services (EC, 2013b). Systematic planning approaches as we demonstrate here would 281 

also help integrate biodiversity in these programs by explicitly accounting for the benefits that 282 

these new management areas important for ecosystem services could bring to the overall 283 

objective of halting biodiversity loss (e.g., by improving connectivity among protected areas). 284 

Given that we used a constant cost, our results represent a minimum set of priority Natura 2000 285 

that could host a LIFE project in order to maximise the coverage of species listed as priority in 286 

the Birds and Habitats Directives. We could not consider any spatial differences in cost of 287 

implementation of the proposed projects that could lead to changes in the distribution of priority 288 

Natura 2000 sites and then we did not aim to minimise the total cost of the projects. The 289 

financial information available for each LIFE project was constrained to total investment made, 290 

with no indication on the relative expenditure done per species. This constrained our capacity to 291 

estimate the cost of each project as considered for the prioritisation approach (i.e., maximum of 292 

4 species per project). This cost could be estimated as the sum of investment needed to address 293 

the threats to each species included in the project. Further effort is then needed to complete a 294 
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comprehensive dataset with the estimated investment required for implementing conservation 295 

actions for each species and then enhance the value of the results for decision-making. These, 296 

should ideally consider spatially explicit factors such as the identity and intensity of threats 297 

affecting the species or socio-economic drivers such as labour cost, that reflect more 298 

realistically the spatial variation of investment needed. The analyses could also be extended to 299 

consider all threatened species in the EU, to account for the conservation needs that the 300 

continent faces (Hermoso et al., 2017). However, further efforts are also needed to better map 301 

the distribution of these species across Europe, currently only available at coarse scale for a 302 

reduced group of taxa (e.g., IUCN distribution data developed during the Red List assessments). 303 

A more comprehensive database on threatened species distribution at finer resolution could help 304 

identify Natura 2000 sites where to tackle conservation for all these threatened species.  305 
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across 1000 simulations in Marxan. 393 
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Table 1. Comparison LIFE-Nature and optimised investment. 398 

Parameter LIFE-Nature 
(1992-2013) 

Spatial 
prioritisation 

Number of species benefited 689 767.5± 11.1* 

Number of projects per species 5.7 ± 17.8 12.9± 22.6 

Number of Natura 2000 sites  5,061 3,084.1± 0.8 

Number species x projects 3,970 9,798.5 ± 42.7 

* This corresponds to the average number of species considered per simulation. The total 399 
number of species that were considered across all 1000 simulations was 1,348. 400 

401 
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Figure 1. Number of priority species cited per Natura 2000 site, each represented by its centroid 402 

for mapping purposes. 403 

Figure 2. Selection frequency of Natura 2000 sites (represented by its centroid for mapping 404 

purposes) across 1000 simulations. A different subset of species per Natura 2000 site was made 405 

available per simulation (maximum 4 species per Natura 2000 site) in the optimisation process 406 

to reproduce how LIFE-Nature projects had been funded in the period 1992-2013. A minimum 407 

number of two projects per species considered in each simulation was achieved to also replicate 408 

the number of projects funded by LIFE-Nature in that period. 409 

Figure 3. Selection frequency of different species across all Natura 2000 sites (represented by its 410 

centroid for mapping purposes) after 1000 simulations. 411 

 412 
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