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prioritization 2 

3 

Abstract 4 

The Adriatic and Ionian Region (AIR) is an important area for both strategic maritime development 5 

and biodiversity conservation in the European Union (EU). However, given that both EU and non-6 

EU countries border the sea, multiple legal and regulatory frameworks operate at different scales 7 

which can hinder the coordinated long-term sustainable development of the region. Transboundary 8 

marine (or maritime) spatial planning can help overcome these challenges by building consensus on 9 

planning objectives and making the trade-offs between biodiversity conservation and its influence 10 

on economically important sectors more explicit. We approach this challenge by developing and 11 

testing four spatial prioritization strategies, using the decision-support tool Marxan, which meets 12 

targets for biodiversity conservation whilst minimizing impacts to users. We evaluate these 13 

strategies in terms of how priority areas shift under different scales of target-setting (e.g. regional 14 

versus country-level). We also examine the trade-off between cost-efficiency and how equally 15 

solutions represent countries and maritime industries (N=14) operating in the region using the 16 

Protection Equality metric. We show that there are negligible differences in where priority 17 

conservation areas are located when we set targets for biodiversity at the regional versus country 18 

scale. Conversely, the prospective impacts on industries, when considered as costs to be minimized, 19 

are highly divergent across scenarios and bias the placement of protection towards industries 20 

located in isolation or with few other industries. We conclude by making several recommendations 21 

to underpin future MSP efforts in the region, including the identification of: 1) areas of national 22 

significance, 2) transboundary areas requiring cooperation between countries, and 3) areas where 23 

impacts on maritime industries require careful consideration of the trade-off between biodiversity 24 

conservation and socio-economic objectives. 25 
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Introduction 26 

 27 

 Marine or maritime spatial planning (MSP) has been widely accepted as a powerful tool for 28 

ecosystem based management of coastal and ocean resources (Ehler 2008; Mcleod et al. 2005; 29 

UNEP 2011). The European experience with MSP has evolved from the development of a thematic 30 

strategy on the conservation of the marine environment adopted by the European Commission (EC) 31 

in 2005, to the European Framework Directive on Maritime Spatial Planning (2014/89/EC) in 2014 32 

(EC 2014a). Several European countries have now developed marine spatial plans, notably Belgium 33 

and the Netherlands, however these plans often lack coordination beyond borders (Douvere & 34 

Ehler, 2009).  35 

 The Adriatic-Ionian Region (AIR) is an important maritime region for Europe and provides 36 

a challenging case study for the identification of a basin-wide MSP strategy, specifically due to the  37 

differences in capacities between the east and west (Brussels, COM(2012) 713 final, EC 2012)). 38 

The current EU Integrated Maritime Policy specifically recognises the importance of cooperation at 39 

the sea-basin level, and suggests that the best results will be achieved through developing MSP at 40 

national and cross-border levels. The role of MSP as a framework for coordinating sectors and 41 

countries across EU policies has carried over into existing AIR initiatives, such as the Maritime 42 

Strategy for the Adriatic and Ionian Sea (EC 2012). The European Union Strategy for the Adriatic 43 

Ionian Region (EUSAIR, EC 2014b) has four main pillars: blue growth, connecting the region, 44 

environmental quality, and sustainable tourism (EC 2014b). Targets for sustainable development of 45 

maritime sectors include the expansion of aquaculture, fisheries, maritime transport, coastal 46 

tourism, energy and other maritime activities (EC 2014c). Additionally, given the AIR is is a 47 

Mediterranean biodiversity hotspot (Coll et al. 2010; Fraschetti et al. 2011), the region is also 48 

subject to several independent biodiversity conservation initiatives (such as EBSAs, Micheli et al. 49 

2013), complicating the multi-level governance of the region.  50 
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 Despite the significant EU investment in MSP-related projects in regions, including SHAPE 51 

(http://www.shape-ipaproject.eu/), AdriPLAN (http://adriplan.eu/), Adriatic Plus 52 

(http://www.adriaticplusplatform.eu) and SUPREME (http://www.msp-supreme.eu/) to name a few, 53 

strategies for MSP remain largely uncoordinated (Barbanti et al. 2015; Piante & Ody 2015) with 54 

competition between sector-oriented governments. While EU member states have been called to 55 

integrate their maritime spatial plans into a transboundary approach by year 2020 (EC, 2014d) there 56 

is no clear direction on how to put this into practice. The aim of this work is to demonstrate how to 57 

simplify the highly dynamic, multi-actor, multi-scalar, multi-national challenge of developing a 58 

strategic transboundary MSP framework for the AIR using a marine spatial conservation 59 

prioritization approach.  60 

 The identification of spatial conservation priorities provides a starting platform to engage 61 

with stakeholders, industries and policy-makers about balancing natural resource management and 62 

sectorial development through a transparent and well established method (e.g. Fernandes et al. 63 

2005; Jumin et al. 2017). Spatial conservation prioritization is the process of analyzing quantitative 64 

data to identify locations for conservation investments (Wilson et al. 2009). Maps of priority areas 65 

can be used to broker negotiations about conservation actions and their associated costs for 66 

countries (Mazor et al. 2013; Beger et al. 2015) and/or industries (Carwardine et al. 2008; Klein et 67 

al. 2008; Giakoumi et al. 2013). Prioritization activities assist with building consensus on planning 68 

objectives and examining trade-offs that are essential to understand the costs of alternative plans in 69 

relation to different conservation outcomes (Beger et al. 2015; Brown et al. 2015; Di Fonzo et al. 70 

2017). Conservation prioritisation, embedded into broader MSP, has been shown to lead to more 71 

durable outcomes than site-specific planning of marine protected areas or other biodiversity 72 

conservation measures (Agardy et al. 2011; Mazor et al. 2013, Beger et al. 2015). 73 

 Here, we consider spatial conservation prioritisation as a ‘purposeful problem-solving tool’ 74 

(sensu Starfield, 1997) to facilitate discussion, collaboration and catalyse the development of a 75 

regional approach to MSP in the AIR. We use the spatial decision-support tool Marxan, which aims 76 



4 
 

to meet targets for conservation features (e.g. habitats, species, ecoregions, etc) whilst minimizing 77 

the socio-economic costs of the intended conservation action (e.g. establishing marine protected 78 

areas (MPAs)). Given no prioritization framework exists in the region, we seek to answer to two 79 

specific questions: 1) How does setting targets for biodiversity across the AIR or within individual 80 

countries influence planning outcomes? and 2) How does including data on the distribution of 81 

maritime industries and activities - as a cost to be minimized, influence the selection of priority 82 

conservation areas? We evaluate solutions based on the trade-offs between their cost-efficiency as 83 

well as how they impact countries and industries as defined by the Protection Equality metric 84 

(Chauvenet et al. 2017). We identify priority conservation areas to promote future discussions with 85 

key stakeholders and conclude by encouraging the adoption of systematic approaches and decision 86 

support tools to inform MSP processes in the region. 87 

 88 

 89 

Methods 90 

 91 

We used the systematic decision support tool Marxan to identify priority conservation areas 92 

in the AIR (Ball & Possingham 2000; Possingham et al. 2000). Marxan meets predefined 93 

conservation targets and minimizes costs to resource users (Possingham et al. 2001; Wilson et al. 94 

2007; Ban et al. 2009). We constructed a 10 x 10 km planning grid of 3,366 units covering the 95 

entire maritime area of the AIR (Pfeifer 2011; INSPIRE CRFGGS 2010). Our conservation features 96 

were sourced from the ADRIPLAN data portal (source: data.adriplan.eu, Barbanti et al. 2015) and 97 

included: 31 seabed habitats (EUNIS classification, EEA 2012); 14 spawning sites and 16 98 

recruitment habitats for important fish species; and the distributions of seven mapped species 99 

groups, namely sea turtles, dolphins, whales, monk seals, giant devil rays, seabirds and white corals 100 

(Table S1, Supporting Information).  101 
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 We treated cost in two different ways, using common proxies: 1) we used the area of each 102 

planning unit as the baseline cost, meaning targets are met with the smallest possible spatial 103 

footprint, and 2) we used the number of maritime industries occurring within each planning unit as 104 

a proxy for the transaction costs of negotiating biodiversity protection in each unit (e.g. the more 105 

industries, the higher cost to conserve) (Figure S1, Supporting Information). For the later treatment, 106 

we included the distributions of 14 industrial sectors and activities, hereafter “industries” as mapped 107 

by ADRIPLAN: aquaculture, coastal and maritime tourism, coastal defence works, dumping area 108 

for dredging, liquefied natural gas offshore terminals, maritime transport, military areas, naval 109 

based activities, off-shore sand deposit, oil and gas extraction, oil and gas research, renewable 110 

energy facilities, small scale fisheries, commercial fishery (Table S2 and Table S3, Supporting 111 

Information). We assumed that all maritime industries have equal standing in the negotiation 112 

process. We ran Marxan 100 times per scenario and did not aggregate planning units.  113 

 114 

Scenarios 115 

 We constructed four planning scenarios by varying the geographical scope at which 116 

conservation targets were set in combination with the two treatments of cost described above (Table 117 

1).  We applied conservation targets at two scales: 1) for the distributions of features across the 118 

entire AIR; and 2) for each feature’s distribution found inside the jurisdiction of AIR countries 119 

(Albania (AL), Croatia (HR), Greece (GR), Italy (IT), Montenegro (MT), Slovenia (SL))(Table S4, 120 

Figure S2, Supporting Information). The disputed marine waters between Croatia and Slovenia 121 

(Disputed Area, DA) were considered as an independent geographical area. 122 

Two different targets were set according to the characteristics, extent and resolution of the 123 

conservation features. For features categorised as “endangered” according to the IUCN red list of 124 

threatened species (IUCN 2016), or identified as high priorities for conservation by the European 125 

Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora (Annex II, 126 

EC 1992), we set targets of 30% of the distribution of the conservation feature. This value is in line 127 
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with the 2030 targets recently launched by the IUCN World Conservation Congress in Hawaii 128 

(2016). For conservation features with large distributions throughout the AIR (> 5000 km2), we 129 

used the 10% target outlined by Aichi Target 11 (CBD, source: https://www.cbd.int/sp/targets/).  130 

 131 

[Table 1] 132 

 133 

 Marxan generates two different outputs which we used to evaluate our scenarios: solutions – 134 

which are the spatial configurations of selected planning units from each run; and the selection 135 

frequency - the amount of times a planning unit is selected across all runs (maximum = 100). The 136 

higher the selection frequency of a planning unit, the higher priority it is for achieving a scenario’s 137 

objectives. We used the selection frequency to analyze how priority areas for conservation shift 138 

between the four scenarios (Carwardine et al. 2007; Giakoumi et al. 2013). We also analyzed 139 

scenarios using the proportional Protection Equality (PEP) metric (Chauvenet et al. 2017). PEP 140 

evaluates how equally represented features are in a conservation plan (Kuempel et al. 2016). PEP 141 

ranges between 0 (highly unequal) to 1 (perfect equality). We calculated PEP based on the 142 

proportion of AIR countries’ jurisdiction (Mosetti and Lipizer, 2014) and the distribution of each 143 

maritime industry captured in solutions for each scenario using the R package “ProtectEqual” 144 

(Chauvenet et al. 2017). We then examined the trade-off between mean PEP and mean cost of the 145 

top 10% of solutions for each scenario (Beger et al. 2015). Lastly, we evaluated how considering 146 

industries as costs influenced conservation priorities (defined by selection frequency) by analyzing 147 

their patterns of co-occurrence within planning units and the cost of those units. 148 

 149 

 150 

151 
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Results 152 

 153 

Priority areas for conservation  154 

 We discovered that the distribution of priority areas for conservation (i.e., the planning units 155 

with highest selection frequency) varied significantly across our four scenarios (Fig. 1). When cost 156 

was assigned as the area of the planning units, regardless of the target-setting strategy, solutions 157 

were very flexible, with almost 98% of the AIR included at some point (Fig. 1a,1c). When we 158 

accounted for industries operating in the AIR by including them as a cost (Scenario 1b, 2b), the 159 

resulting solutions became more spatially decisive and 25% of the AIR was never selected (Fig. 160 

1b,1d). When we accounted for industry costs, the results identified priority areas around the 161 

presence of spatially constrained biodiversity features. These areas include: the central areas of the 162 

Northern Adriatic that are spawning areas of Mullus barbatus (Red mullet); the central Adriatic 163 

between Italy and Croatia as the preferential presence of Eledone cirrhosa (Horned octopus) and the 164 

spawning ground of Nephrops norvegicus (Norway lobster); the coastal areas of Albania host 165 

Aristaeomorpha foliacea (Giant red shrimp) spawning and recruits and Galeus melastomus 166 

(Blackmouth catshark) recruits; and, the coastal areas of Greece with the exclusive presence of 167 

monk seals and whales as well sea turtles nesting sites and Raja clavata (Thornback ray) spawners.  168 

 169 

[Figure 1] 170 

 171 

 When we examined the selection frequency by country across our scenarios, we saw similar 172 

patterns of flexibility for scenarios when costs were considered as area. When variable industry 173 

costs were considered, the number of planning units with higher importance for conservation (i.e., 174 

higher selection frequency) increased. The percentage of the AIR with a selection frequency in the 175 

highest quartile increased from 0.45% (scenario 1a) to 5.47% (scenario 1b), and from 0.86% 176 

(scenario 2a) to 5.7% (scenario 2b) (Figure S3, Supporting Information).  177 
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 178 

The influence of regional vs national target setting 179 

 When conservation targets are assigned by country, the number of features in the analysis 180 

grows from 70 to 263 (Table 1; Table S4, Supporting Information). This had little influence on the 181 

area of the conservation footprint required to meet these additional targets in the best solutions 182 

(with an average of 16.8% of the area in the AIR for scenario 1a, 17.1% for scenario 2a, 18.3% for 183 

scenario 1b, and 19.1% for scenario 2b, Table S5, Supporting Information). The greatest impact of 184 

setting targets at the national level occurred when industry costs were also included (Scenario 2b). 185 

This increased the total cost of the network by 20% with a marginal increase in total area compared 186 

to setting targets across the AIR (Scenario 1b). 187 

 188 

Protection equality across countries and industries   189 

 Country-level protection equality values ranged between 0.83-0.85 across scenarios. 190 

Industry-level protection equality varied between 0.63 and 0.69. Planning at the national level and 191 

using area as the cost of a planning unit (Scenario 2a) was the worst performing scenario in terms of 192 

cost-efficiency (determined by highest mean costs) (Fig. 2a,b). Planning at the regional scale and 193 

accounting for industry costs (Scenario 1b) was the worst performing in terms of PEP for both 194 

countries and industries, despite delivering the most cost-efficient plans. Interestingly, considering 195 

area as a cost performed the best for PEP across industries of any scenario tested (Scenario 1a and 196 

2a, Fig. 2b). 197 

 198 

[Figure 2] 199 

 200 

Spatial patterns of maritime sectors 201 

 We examined the spatial relationships between the 14 industries by analyzing the frequency 202 

of occurrence of each industry in the planning units and the subsequent cost of those planning units 203 
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(Fig. 3). This allows us to understand which industries are frequently co-located with others, and 204 

therefore incur a higher cost to protect. Those industries commonly co-occuring with others are:  205 

maritime transport, oil and gas extraction, oil and gas research, and commercial fishing. In the AIR, 206 

aquaculture, coastal defense works, coastal and maritime tourism, naval-based activities and small 207 

scale fisheries typically occupy cells with few other activities and therefore reflect lower costs 208 

(Figure S3, Supporting Information).  209 

 210 

[Figure 3] 211 

 212 

Identifying priorities for transboundary MSP 213 

For further discussion, we emphasize the results of Scenario 1b, which considered planning at the 214 

regional scale because it is the most cost-efficient scenario in achieving conservation targets and, 215 

importantly, includes industry costs. We constructed Fig. 4 to identify those places emerging as 216 

conservation priorities which are transboundary and under national jurisdiction. 217 

 218 

[Figure 4] 219 

 220 

Discussion 221 

 222 

 Under the objectives of the EUSAIR, MSP processes are underway to balance maritime 223 

development with biodiversity objectives (EC 2014b), yet coordination across jurisdictions remains 224 

a major challenge. We demonstrate how decision –support tools can help harmonize the needs of 225 

both nature conservation and maritime industries within the complex AIR seascape through spatial 226 

conservation prioritization.  227 

 228 

Costs are more critical than the target setting strategy 229 
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 We expected that setting targets for biodiversity at the country-level would significantly 230 

increase the total area required to meet conservation objectives due to the increasing number of 231 

features (Table 1), but instead discovered this had a negligible effect on the spatial footprint of the 232 

solutions. However, the inclusion of an industry-driven cost significantly influenced where priority 233 

areas were best located across the AIR. The areas selected as highest priority for biodiversity 234 

trended towards the lower cost areas (e.g. coastal areas in the North-Eastern AIR where the number 235 

of industries is fewer). In some places, such as in the central Adriatic, priorities also occurred in 236 

areas of high cost for important fisheries features such as Illex coindetii (Broadtail shortfin squid) 237 

and Nephrops norvegicus (Norway lobster) recruits and spawning areas, Merluccius merluccius 238 

(European hake) recruits, and Eledone cirrhosa (Horned octopus) spawning areas. 239 

 The inclusion of costs is essential to deliver conservation plans that are efficient and 240 

feasible. Ignoring other users of the sea is unlikely to deliver politically acceptable plans, nor lead to 241 

holistic ecosystem-based management (Ban et al. 2009, 2013; Carwardine et al. 2008, 2010; Cheok 242 

et al. 2016; UNEP 2011). However, spatially-explicit data on costs at regional scales rarely exist, 243 

hence proxies are often used. In this study, we considered the number of industries operating in a 244 

planning unit as a proxy for the transaction cost of protecting a site. While our proxy for cost was 245 

rather coarse, we demonstrate that the way costs are considered in conservation planning scenarios 246 

will impact maritime industries operating in the AIR in different ways. These findings could thus be 247 

used to promote awareness across sectors and engage industries in the planning process (Flannery & 248 

Cinnéide 2008; Pomeroy & Douvere 2008; Olsen et al. 2014).  249 

 250 

Trade-offs across maritime sectors need to be explicit  251 

 Understanding trade-offs is an essential component of spatial conservation prioritization and 252 

can greatly influence planning success (Berkes 2004; Solar & Irwin 2007; Halpern et al. 2013; 253 

Klein et al. 2015). Through the protection equality metric we found that countries maintained a high 254 

level of equality regardless of the scenario (Fig. 2a), but protection equality across industries was 255 
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significantly lower (Fig. 2b) and more variable across scenarios. This can be partially explained by 256 

our construction of the industry cost proxy and its use in the Marxan objective function. Marxan 257 

aims to minimize the overall cost of spatial plans, which consists of the sum of costs of the selected 258 

planning units. We considered the number of industries operating in a cell to reflect a higher cost to 259 

conserve that cell.  Due to this, industries that are less often co-located with other industries will be 260 

disadvantaged, as these industries have more of their areas selected for conservation when they 261 

overlap with biodiversity features because the total cost of those cells is lower. This in turn reduces 262 

the protection equality performance across industries. The method of including costs has significant 263 

implications for evaluating trade-offs that are critical to decision-making and their treatment should 264 

be carefully considered. 265 

 266 

Limitations 267 

 Spatial conservation prioritization requires several key decisions about data, scale, and costs 268 

that affect the planning outputs and which should be made explicit. In this study, we used 269 

conservation features based on the best available data for the AIR provided by Adriplan. This 270 

dataset suffers from some uncertainties and limited coverage, especially regarding marine mammals 271 

and giant devil rays in the Ionian Sea, and the deep sea (Gissi et al. 2017). 272 

 The size of the planning unit also influences outcomes. We used a planning unit size of 273 

10x10 km, having selected this resolution because it represents a reasonable scale for regional 274 

decision-making. However, we acknowledge that this scale affects our analysis for countries with 275 

small marine jurisdictions, such as Slovenia (174 km2 represented by 4 planning units), and the 276 

disputed area between Croatia and Slovenia (646 km2 represented by 6 planning units). For 277 

example, when we set explicit targets for these areas (scenarios 2a and 2b), the entire jurisdiction 278 

emerges as a conservation priority due to how the planning unit scale interacts with the targets set 279 

(Cheok et al. 2016). We note we did not consider the contribution of these areas in the protection 280 

equality analysis as it would bias the results.  281 
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 Finally, there are the important considerations regarding how to incorporate costs. Ban et al. 282 

(2009) recommend testing several approaches, which could include different types of costs (e.g. 283 

opportunity costs, enforcement capacity, etc. (Carwardine et al. 2008; Arafeh-Dalmau et al. 2017)).   284 

We did by using both the area of the planning units and the number of industries in a planning unit 285 

as a proxy for the transaction cost of conserving a site. While this is an estimate based on available 286 

data, we note that important cost considerations for future planning should pursue estimates of 287 

profitability, intensity of uses, or impacts on conservation features (Gissi et al. 2017), rather than 288 

just the distributions of industries across the AIR. Weighting industries by their relative importance 289 

is also an option, but this introduces a level subjectivity that must be carefully examined (Game et 290 

al. 2013).  291 

 292 

Recommendations for the future 293 

 Our analysis illustrates how strategic spatial conservation prioritization can cost-effectively 294 

identify: areas of national significance and transboundary areas requiring cooperation between 295 

countries for biodiversity conservation; and explicitly account for the impacts to different maritime 296 

industries (Figure 4). Importantly, we demonstrate how conservation objectives for the AIR can be 297 

achieved from the joint contribution of both areas of national significance and strategic 298 

transboundary areas. 299 

Regarding areas of national significance, there are several conservation features that 300 

predominately fall under the jurisdiction of individual countries. These include maerl beds in Italy, 301 

Slovenia and Croatia, and Cymodocea beds in Italy; nursery areas for Merluccius merluccius 302 

(European hake) spawners in Croatia, Raja clavata (Thornback ray) spawners in Greece, Scomber 303 

scombrus (Atlantic mackerel) and Solea solea (Common sole) recruits in Italy, whales and monk 304 

seal habitats in Greece. However, many conservation priorities are located in transboundary areas 305 

and will require collaboration across governments.  In particular these include: areas in the Northern 306 

Adriatic between Italy, Slovenia and Croatia for the common bottlenose dolphin (Tursiops 307 
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truncatus) and the loggerhead sea turtle (Caretta caretta); the Central Adriatic for nursery habitats 308 

of Eledone cirrhosa (horned octopus) spawners, and Nephrops norvegicus (Norway lobster) 309 

spawners and recruits among others; and the areas between the Southern Adriatic and Northern 310 

Ionian Seas for Aristaeomorpha foliacea (Giant red shrimp) spawners and recruits, and Galeus 311 

melastomus (Blackmouth catshark) recruits (Table S7, Supporting Information). 312 

 Transboundary conservation requires cooperation between countries while managing the 313 

impacts on industries requires strategic discussions with these key stakeholders. For example, 314 

commercial fishing and maritime transport sectors co-occur in many priority areas for conservation 315 

(Fig. 4). Given the influence of these industries in the AIR, a critical future priority for addressing 316 

transboundary MSP in the region is to acquire better spatial data across maritime industries so that 317 

more accurate evaluations of trade-offs can be made. Another useful application of these data could 318 

be for incorporating more sophisticated zoning in the AIR, potentially with Marxan with Zones 319 

analysis (Watts et al. 2009). This can build on the work we present, but with additional socio-320 

economic objectives for maritime industries alongside biodiversity conservation.  For example, this 321 

could ensure that no industry loses more than certain percentage of their annual income when 322 

zoning for protected areas (Jumin et al. 2017, Klein et al. 2008).  323 

 Our study operates in an area where individual countries do not yet have MSP processes 324 

implemented, or even approved, but where there is an expectation of collaboration and expediency 325 

according to the EU directive on MSP 2014/89/EC (EC, 2014a).  It is our recommendation that 326 

MSP be considered as the cross-cutting framework that could be used to integrate the priorities of 327 

the four pillars of the EUSAIR. However, the choice of method used to develop MSP in this this 328 

region has significant implications for both the countries and the maritime sectors. Indeed, we 329 

showed that achieving targets for biodiversity conservation in the AIR by simply adding the 330 

conservation efforts of individual countries, without coordination, will not be cost-efficient nor 331 

equitable for maritime industries or biodiversity (see also Mackelworth 2012). As such investment 332 

should be made to ensure that the MSP process is open and transparent not only to the countries 333 
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involved but the industries operating in the region. We strongly emphasize that the governance 334 

process should adopt systematic approaches, such as spatial conservation prioritization and the use 335 

of decision support tools, as demonstrated here, to achieve transboundary MSP objectives in the 336 

future.   337 
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Supporting Information 338 

 339 

Information on conservation features considered in the study for the AIR (Table S1); Costs surface 340 

representing the sum of the area of industries per each planning unit (Figure S1); Maritime industries 341 

included as a proxy of transaction costs for conservation (Table S2); Data availability of maritime industries 342 

(Table S3); Stratification of conservation features per country used in scenarios 2a and 2b (Table S4); 343 

Maritime jurisdictions in the Adriatic and Ionian Region (Figure S2); Selection frequency per country under 344 

the 4 scenarios (Figure S3);  Area of the conservation footprint for the 10 best solutions under the 4 scenarios  345 

(Table S5); Distribution of Planning Units (PUs) per combination of uses (Figure S4); Description of key 346 

conservation features and maritime industries per priority areas under scenario 1b, where targets are set at 347 

regional scale and transaction costs are incorporated (Table S6) are available online. The authors are solely 348 

responsible for the content and functionality of these materials. Queries (other than absence of the material) 349 

should be directed to the corresponding author. 350 

 351 

 352 

  353 
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Table 1: Scenarios for conservation prioritization.  536 

Scenarios Target treatment Cost treatment Targets for 
conservation features 

No. of 
features 

   L E  
Scenario 1a 1. Conservation targets 

assigned at AIR level 
Area 30% 10% 70 

Scenario 1b  No. of Industries 30% 10% 70 
Scenario 2a 2. Conservation targets 

assigned at country level* 
Area 30% 10% 263 

Scenario 2b No. of Industries 30% 10% 263 
L=limited areas, for conservation features with areas <5000 km2; E= extensive areas, for conservation features with 537 
areas >5000 km2. 538 
*on Albania, Croatia, Disputed Areas, Greece, Italy, Montenegro, Slovenia 539 
 540 
 541 
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Figure-legend page 542 

 543 

Figure 1. Selection frequency for the four scenarios; Scenario 1a results from planning at the 544 

regional scale using the area of the planning unit as the equal costs planning units; Scenario 1b 545 

results from planning at the regional scale using the sum of industries affected as the cost of a 546 

planning unit; Scenario 2a results from planning at the country scale using the area of the planning 547 

unit as the equal costs planning units; Scenario 2b results from planning at the country scale using 548 

the sum of industries affected as the cost of a planning unit; AL= Albania, BE=Bosnia-549 

Herzegovina, GR=Greece, IT=Italy, MT=Montenegro, SL=Slovenia. 550 

 551 

Figure 2 Trade-offs between the mean total cost and mean Protection Equality (PEP) by countries 552 

(panel a), and by industries (panel b) of the top 10% of solutions for each of the four scenarios.  553 

 554 

Figure 3  RDI plots (Raw data, Descriptive and Inference statistics) show the distribution of 555 

industries in planning units, according to the total cost of each PU, which is represented by the sum 556 

of industries potentially affected; center bars indicate the mean of industries on PUs, beans outline 557 

the smoothed density, whiskers mark the 10% and 90% quartiles of the data, and inference bands 558 

show the Bayesian 95% High Density Interval inferential statistics for each group. LNGs stands for 559 

Liquefied Natural Gas offshore terminal.  560 

 561 

Figure 4 Transboundary and National Priority areas for conservation under scenario 1b. Icons 562 

represent important biodiversity features and industries occurring in priority areas. The complete 563 

description of conservation features and maritime sectors is reported in Table S6, Supporting 564 

Information. 565 

 566 

 567 



25 
 

Figures with legend 568 

 569 

Figure 1. Selection frequency for the four scenarios; Scenario 1a results from planning at the 570 

regional scale using the area of the planning unit as the equal costs planning units; Scenario 1b 571 

results from planning at the regional scale using the sum of industries affected as the cost of a 572 
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planning unit; Scenario 2a results from planning at the country scale using the area of the planning 573 

unit as the equal costs planning units; Scenario 2b results from planning at the country scale using 574 

the sum of industries affected as the cost of a planning unit; AL= Albania, BE=Bosnia-575 

Herzegovina, GR=Greece, IT=Italy, MT=Montenegro, SL=Slovenia. 576 

 577 
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Figure 2 Trade-offs between the mean total cost and mean Protection Equality (PEP) by countries 582 

(panel a), and by industries (panel b) of the top 10% of solutions for each of the four scenarios.  583 
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 589 

 590 

Figure 3  RDI plots (Raw data, Descriptive and Inference statistics) show the distribution of 591 

industries in planning units, according to the total cost of each PU, which is represented by the sum 592 

of industries potentially affected; center bars indicate the mean of industries on PUs, beans outline 593 

the smoothed density, whiskers mark the 10% and 90% quartiles of the data, and inference bands 594 

show the Bayesian 95% High Density Interval inferential statistics for each group. LNGs stands for 595 

Liquefied Natural Gas offshore terminal.  596 
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 597 

Figure 4 Transboundary and National Priority areas for conservation under scenario 1b. Icons 598 

represent important biodiversity features and industries occurring in priority areas. The complete 599 

description of conservation features and maritime sectors is reported in Table S6, Supporting 600 

Information. 601 


