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ABSTRACT

Aim Multinational collaboration is important for successfully protecting marine

environments. However, few studies have assessed the costs and benefits

incurred by taking collaborative action. One of the most complex marine

regions in the world is the Mediterranean Sea biodiversity hotspot. The sea is

shared by over 20 countries across three continents with a vast array of socio-

economic and political backgrounds. We aimed to examine how collaboration

between countries of the Mediterranean Sea affects conservation plans when

costs and threats are considered.

Location The Mediterranean Sea.

Methods We compared three collaboration scenarios to test the efficiencies of

coordinated marine conservation efforts: full coordination between Mediterra-

nean countries, partial coordination within continents and no coordination

where countries act in isolation. To do so, we developed four basin-wide surro-

gates for commercial and recreational fishing effort in the Mediterranean Sea.

Using a systematic decision support tool (Marxan), we minimized the opportu-

nity costs while meeting a suite of biodiversity targets.

Results We discovered that to reach the same conservation targets, a plan

where all the countries of the Mediterranean Sea collaborate can save over two-

thirds of the cost of a plan where each country acts independently. The benefits

of multinational collaboration are surprisingly unequal between countries.

Main conclusions This approach, which incorporates biodiversity, costs and

collaboration into a systematic conservation plan, can help deliver efficient

conservation outcomes when planning spatially explicit actions within marine

environments shared by many countries.

Keywords

Cross-country collaboration, efficient conservation, Mediterranean Sea,

opportunity cost, spatial prioritization, threatened vertebrates.

INTRODUCTION

While most marine conservation actions are currently

conducted within single countries, multinational initiatives

involving cross-country collaborations are increasing within

the marine realm (Mackelworth, 2012; Punt et al., 2012).

These collaborative programmes between countries are per-

ceived to incur large costs and resources (Stolton et al.,

1999; Sandwith et al., 2001). Several studies have assessed the

ability of collaborative initiatives to protect terrestrial biodi-

versity and reduce the costs incurred by taking collaborative

conservation action (Strange et al., 2006; Bladt et al., 2009;

Kark et al., 2009; Moilanen et al., 2013). However, no

studies have investigated this issue within the marine

environment.

Despite conservation efforts notoriously lagging behind in

the marine realm (Chape et al., 2005), the intrinsic ecological

connectivity of marine systems suggests that cross-country

collaboration makes sense (Mackelworth, 2012). The marine

system is temporally dynamic, highly connected and unre-

stricted by national borders (Hyrenbach et al., 2000; Agardy

et al., 2011). Marine borders between countries exist, but the

absence of physical boundaries makes them less easily

defined compared with terrestrial borders (Carr et al., 2003;
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Mackelworth, 2012). The connectivity of waters in the mar-

ine realm means that countries invariably share many marine

species, as well as conservation threats and challenges

(Wilkinson et al., 2004). Moreover, actions conducted in one

marine space often affect that of another, for example,

pollution dispersion and invasive species (Boudouresque &

Verlaque, 2000). Such interdependence is especially evident

in places where many countries or states share a common

sea or ocean, such as the Caribbean, the Coral Triangle, the

Baltic Sea and the Mediterranean Sea.

Establishing coordination between countries is challenging

within heterogeneous systems (Stolton et al., 1999), and one

of the most politically and ecologically complex regions in

the world is the Mediterranean Sea (Cognetti, 1993). The

Mediterranean Sea supports a rich marine biodiversity

(Abdulla et al., 2009) that is concentrated in a small area

surrounded by over twenty countries across three continents:

Europe, Asia and Africa. Thus, many conservation issues in

the Mediterranean Sea involve two or more countries. The

Mediterranean Sea is visited by c. 200 million tourists a year

and supports the livelihood of c. 150 million people via

small-scale subsistence fishing, employment within commer-

cial fisheries and as a food source (Madau et al., 2009;

UNEP, 2013). In addition, the multiple users of this com-

mon resource face very different circumstances. Countries

surrounding the Mediterranean Sea show a vast array of cul-

tural values, economic statuses, political systems, religions

and languages (Badalamenti et al., 2000; Kark et al., 2009).

All these additional factors can impede successful collabora-

tion (Sandwith et al., 2001).

Most conservation efforts in the Mediterranean Sea are

uncoordinated (Giakoumi et al., 2012) and are insufficient at

protecting the sea’s highly threatened biodiversity (Micheli

et al., 2013). The goals of the Convention on Biological

Diversity (CBD, 2013), which is an agreement signed by

most Mediterranean countries aiming to conserve 10% of

the sea, are far from being achieved (Gabri�e et al., 2012;

Giakoumi et al., 2012). With limited conservation measures

in place, the sea’s native species and ecosystems continue to

face threats from both land- and sea-based anthropogenic

activities (Coll et al., 2010, 2012). Existing marine protected

areas (MPAs) are relatively small and are not based on coor-

dinated legislation or criteria for establishment; each country

has its own guidelines for administering MPAs (Fraschetti

et al., 2005). While the implementation of protected areas

has raised conservation awareness, limited structural integrity

and cross-country collaboration challenge the ability of these

MPAs to protect and sustain the biodiversity of the Mediter-

ranean Sea (Abdulla et al., 2009; Micheli et al., 2013).

Planning collaborative conservation in complex environ-

ments requires advanced spatial prioritization tools (Kark

et al., 2009). In the Mediterranean Sea, where the survival of

biodiversity relies on the ability for countries to collaborate

and collaboration is obstructed by the socio-economic and

political complexity of the region, conservation plans and

actions should include costs (Ando et al., 1998; Stewart

et al., 2003) and other anthropogenic factors (Kark et al.,

2009). Systematic conservation planning for the Mediterra-

nean Sea has only recently been considered within local stud-

ies (Fraschetti et al., 2009; Maiorano et al., 2009; Giakoumi

et al., 2011). Until today, no plans have explicitly included

the cost of conservation actions or considered socio-economic

factors when choosing priority conservation areas at the

whole Mediterranean scale. Systematic methods driven by

explicit objectives that incorporate costs of conservation

actions (Moilanen et al., 2009) can help better direct and

inform decision-makers.

To our knowledge, no conservation plans have quantified

the effectiveness of between-country collaboration within the

Mediterranean Sea. Nevertheless, spatial priority areas identi-

fied in the Mediterranean Sea via species richness estimates,

expert advice and/or threat mapping (Notarbartolo-di-Sciara

& Agardy, 2009; Coll et al., 2012) often cover several coun-

tries, and their establishment requires coordinated conserva-

tion action. Similarly, global conservation priority areas and

hotspots often involve several countries (Myers et al., 2000;

Brooks et al., 2006). While the need for collaborative action

is evident, the benefits and cost efficiency of collaboration

are often not as clear (Sandwith et al., 2001; Mackelworth,

2012). Successful cross-country collaborations in conserva-

tion are often attributed to a transparent planning process

with defined costs and savings (Sandwith et al., 2001; Agardy

et al., 2011). Therefore, quantifying the benefits of potential

collaborative initiatives in the marine realm may provide

incentives for countries or stakeholders to collaborate

(Agardy et al., 2011).

Here, we present the first study to quantify the effective-

ness of collaborative conservation between countries in the

marine realm. Prior knowledge of the costs and benefits of

turning marine areas into collaborative MPAs can better

direct us to forge collaborative ties which will reap benefits,

despite the challenges they pose. We explore the role of

cross-country collaboration in the Mediterranean Sea. We

assess three collaboration scenarios by examining spatial pri-

orities for the protection of threatened Mediterranean verte-

brate species using a systematic conservation planning tool

that incorporates the cost of conservation actions. We aim to

address the following question: Can collaboration between

countries of the Mediterranean Sea improve conservation

efficiency, achieving the same conservation outcomes for less

cost?

METHODS

Quantitative systematic planning

To evaluate the conservation efficiency of protecting threa-

tened species within the Mediterranean Sea, we used Marxan.

Marxan is a decision support tool for systemic conservation

planning that implements a minimum set approach (Ball

et al., 2009; Watts et al., 2009). It uses a simulated annealing

algorithm to solve a well-defined mathematical problem,

Diversity and Distributions, 19, 1380–1393, ª 2013 John Wiley & Sons Ltd 1381

Marine conservation and collaboration



identifying sites that fulfil quantitative targets for biodiversity

features in a compact system of protected areas for the least

possible cost (McDonnell et al., 2002; Ball et al., 2009).

Thus, Marxan works to reach a set target for the least cost,

which in our case is the opportunity cost to commercial

fisheries and non-commercial (subsistence and recreational)

fishers.

Distribution range data of all known 77 threatened or near

threatened vertebrate species (six of which are endemic to the

Mediterranean Sea) were compiled from the recent IUCN

database (IUCN, 2012; Fig. 1; see Table S1). Five taxa group-

ings comprising seven marine mammal species (Reeves &

Notarbartolo-di-Sciara, 2006), five seabird species (Birdlife

International, 2012), 24 native fish, 39 shark and ray (cartilagi-

nous fish) species (Abdul Malak et al., 2011) and nesting sites

of two sea turtle species were used (Casale & Margaritoulis,

2010; Table S2). These data provide a baseline at a whole Med-

iterranean Sea scale, at a reasonable resolution for conserva-

tion plans at large scales. All data were overlayed and projected

into Albers Equal Area Projection with a resolution of

10 9 10 km planning units (creating 26,946 planning units),

using ARCGIS software (ESRI, 2008). We set a conservation tar-

get to protect 10% of each species’ distribution, following tar-

gets of the Convention on Biological Diversity (CBD, 2013).

This 10% target was set for each scenario based on the distri-

bution ranges of the species present within the defined spatial

extents (in collaboration scenarios, targets were met jointly

between collaborating countries). While this approach does

not consider whether the target is adequate at conserving the

species or maintaining population viability, it does deliver a

baseline of equitable representation (Tear et al., 2005;

Carvalho et al., 2011).

Input parameters were held constant in Marxan to ensure

comparisons were valid. To enable comparisons between

scenarios, we did not preferentially cluster planning units in

space, but set algorithm parameters so that all targets (10%

of each species’ distribution) were met. Ten Marxan runs

were performed with 1000 repetitions each, producing ten

‘best solution’ outputs for each collaborating area of a sce-

nario. The ‘best solution’ output is the reserve system that

performs best at reaching its conservation target with mini-

mal cost. High-priority conservation areas were identified by

the percentage of times (e.g. ≥ 90%) each planning unit was

selected in the ten ‘best solutions’.

Cross-country collaboration

To test the role of cross-country collaboration, we used the

Mediterranean Sea’s tentative division into Exclusive Eco-

nomic Zones (EEZs; VLIZ, 2012) and applied Marxan to

find good reserve systems following varying collaboration

scenarios. To enable an economic comparison between
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Figure 1 Species richness of 77 threatened vertebrates in the Mediterranean Sea (IUCN, 2012; see details in Table S1).

Figure 2 These four cost layers represent annual revenue (opportunity cost in US$ displayed by a quantile range) for commercial and

non-commercial fishing in the Mediterranean Sea. Commercial fishing is based on Food and Agriculture Organization (FAO) data

(FAO, 2011) and the distance to ports (National Geospatial-Intelligence Agency, 2005), which is exponentially weighted by a constant a.
Non-commercial fishing opportunity cost is based on local population size (CIESIN, 2005) and the relative Gross domestic product

(GDP) of the country or an equal value of $50 per day for all countries; a) commercial fishing (decay rate from port a = 0.001) and

non-commercial fishing use GDP values, b) commercial fishing (a = 0.01) and non-commercial fishing use GDP values, c) commercial

fishing (a = 0.05) and non-commercial fishing use GDP values, d) commercial fishing (a = 0.01) and non-commercial fishing use an

equal value ($50) for all countries.
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different collaboration scenarios, we used a fishing oppor-

tunity cost layer as a reservation cost for each planning

unit (Fig. 2). We compared three collaboration scenarios

following Kark et al. (2009): (1) fully coordinated: all

countries collaborating, (2) partly coordinated: countries

within each continent collaborating, including Africa (8116

planning units: Morocco, Algeria, Tunisia, Libya, Egypt),

Asia (1672 planning units: Turkey, Syria, Lebanon, Israel,

Palestinian territories) and Europe (17,158 planning units:

EU countries, Monaco, Croatia, Bosnia–Herzegovina, Mon-

tenegro, Albania), and (3) uncoordinated: each country acts

in isolation. To clarify, for the fully coordinated scenario,

there were a total of 10 Marxan runs (producing 10 best

solutions); for the partly coordinated scenario, there were

30 Marxan runs (10 best solutions for each of the three

continents); and for the uncoordinated scenario, there were

180 Marxan runs (10 best solutions for each of the 18

countries). The selection frequency of the ten ‘best solu-

tions’ was compared for each country with respect to the

three levels of collaboration.

For the uncoordinated scenario, we only considered coun-

tries with an EEZ covering an area of five or more planning

units (eliminating: Bosnia–Herzegovina, Gibraltar, Monaco

and Slovenia, where the EEZ area was too small for selecting

spatial priorities). We compared the cost, area and spatial

arrangement of high-priority conservation areas with respect

to the three levels of collaboration.

Incorporating opportunity cost

There are a range of costs involved with implementing and

planning for an MPA network (Ban & Klein, 2009). An impor-

tant cost to consider is opportunity cost (Klein et al., 2010),

which is the forgone cost (lost benefit) when an activity takes

place where another occurred or can occur (e.g. fishing net ben-

efit or profit that will be forgone when an area is declared an

MPA; Cameron et al., 2008). Here we constructed four cost lay-

ers that represent the opportunity cost to fishers of the Mediter-

ranean Sea (Fig. 2). We constructed these layers by summing

two spatial layers (both layers in US$) that represent revenue

(an approximation for opportunity cost) for commercial fish-

ing and non-commercial fishing as described below. The four

resulting cost layers were used to test the sensitivity of

our results and were used in Marxan for all three collaboration

scenarios.

Commercial fishing cost

We developed an equation to represent the opportunity cost

of commercial fishing at a spatial scale of 100 km2. As a surro-

gate for commercial fishing revenue at the whole Mediterra-

nean Sea scale, we used data on tonnes of fish caught in 28

geographical sub-areas (GSAs) for the year 2008 provided by

the General Fisheries Commission for the Mediterranean

(FAO, 2011). To date, this is the most current and spatially

refined data available for the Mediterranean Sea on fish catch.

To estimate the annual catch of commercial fishing Ci in each

planning unit i (100 km2), we assumed that it is proportional

to the size of the nearest port Psize
1 and the distance d to that

port (km) weighted exponentially by a constant a (we used

three values: 0.001, 0.01, 0.05; Fig. S1) and then multiplied by

the area A of planning unit i. To ensure that the total value of

catch in the region sums to its real value (value of each GSA

region stated in FAO, 2011), we normalized the catch of com-

mercial fishing in each planning unit by a measure of total

regional effort Reffort, which is equal to

Reffort ¼
Xm

i¼1
Psizee

�adAi;

where m is the number of planning units in a given region

(28 GSA regions). We multiplied the final value by the total

biomass of fish in the region (ton) Rbiomass, multiplied by

the price of fish (US$ per ton) Cfish, to obtain a monetary

cost. As a surrogate for Cfish, we used the price of European

anchovy (Engraulis encrasicolus), which is US$ 3990 per ton

(FAO, 2010). We chose the European anchovy parameter

based on a ranking of fish species that contribute to most of

the landings within the Mediterranean Sea (Lleonart &

Maynou, 2003; FAO, 2010) and because comparably it is an

average-priced fish species on the market (FAO, 2010). The

final expression for an estimate of the opportunity cost of

commercial fishing Ci in each planning unit i is as follows:

Ci ¼ Psizee
�adAi

Reffort

� �
CfishRbiomass;

where Reffort is defined above. In an effort to smooth hard

boundaries between the GSAs within our opportunity cost

layer, we used the spatial low-pass filtering tool in ARCGIS

(ESRI, 2008). The three resulting opportunity cost layers

provide baseline estimates of the spatial cost involved with

closing commercial fisheries in any place that is part of the

Mediterranean Sea (Fig. S1).

Non-commercial fishing cost

Very limited quantitative information exists for the revenue

and effort of non-commercial fishing (subsistence and recre-

ational fishers) in the Mediterranean Sea (Lloret et al., 2008).

Therefore, we assumed that the opportunity cost of non-

commercial fishing within the Mediterranean Sea is a func-

tion of human population size along the coastline. Human

population data along the coast have been used as a surro-

gate for fishing (Ban et al., 2009) and linked with declining

fish species (Stallings, 2009). We developed an equation to

represent the annual opportunity cost of non-commercial

1Four port sizes were identified Psize: 1 = very small; 2 = small;

3 = medium; 4 = large. ‘The classification of port size is based on

several applicable factors, including area, facilities and wharf space’ –
National Geospatial-Intelligence Agency (2005).
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fishing, NCi, in each planning unit i (100 km2), where the

cost is a multiplication of the number of days fishing per

fisher per year Nvisits, the cost (US$) of 1 day fishing per year

Cfishing and the annual number of fishers frequenting the

planning unit Nfi:

NCi ¼ NvisitsCfishingNfi:

For the parameter Nvisits, previous studies suggest that on

average, recreational fishers in mainland Spain and France

engage in c. 30–35 days of fishing per year (SFITUM, 2004);

however, higher frequencies have been found within other

parts of the Mediterranean (Morales-Nin et al., 2005; €Unal

et al., 2010). The frequency of subsistence fishing in the

Mediterranean Sea is unknown. As such data were unavail-

able, we used a conservative estimate of 30 visits per year per

person (Nvisits).

To calculate Cfishing, we followed two approaches resulting

in two separate cost layers: (1) cost equal to 1-day salary per

country using 2011 Gross domestic product (GDP) (Interna-

tional Monetary Fund, 2012; Fig. S2a), and (2) a constant

cost of US$ 50 per-day salary per person regardless of the

country (Fig. S2b).

We calculated non-commercial fishing effort per planning

unit Fi, from human population data at a resolution of 2.5′′

for 2010 (CIESIN, 2005). To measure fishing effort, we buf-

fered each planning unit by a 22-km radius (c. 12 nautical

miles – average width of territorial waters for each country

within the Mediterranean. (Cacaud, 2005)), but no more

than 10 km inland from the coast (approximate distance a

fisher would travel to the coast; Clark et al., 2002; Sidman &

Fik, 2007; Ellender et al., 2009). This buffer was chosen

because the majority of non-commercial fishing of the Medi-

terranean Sea occurs within this distance (IEEP, 2002;

Morales-Nin et al., 2005). Within this buffer, we calculated

the population by summing n units (all 1-km2 population

units in the buffer; CIESIN, 2005), thus obtaining k.

For each country, a total non-commercial fishing effort,

CNF, was calculated. Studies indicate that c. 10% of each

country’s population engages in recreational fishing in

Mediterranean Sea (GFCM, 2011); however, for developed

countries such as Spain, it is around 30% (SFITUM, 2004;

Ditton, 2008). Currently, no estimate of subsistence fishing

exists within the Mediterranean, although studies indicate

that in developing countries a large portion of the popula-

tion is reliant on fishing as a source of food, income and

livelihood (Feidi, 1998; Jacquet et al., 2010). As these values

were unavailable for each country within the Mediterranean

Sea, we used a surrogate for CNF and calculated 30% of each

countries coastal population density at a buffered distance of

10 km inland.

The annual number of non-commercial fishers frequenting

a planning unit, Nfi, is a function of the non-commercial

fishing effort F per planning unit i and the area A of plan-

ning unit i, divided by, Ceffort, the sum of non-commercial

fishing effort for m planning units, where m is the number

of planning units of a country’s EEZ. We further scaled the

cost of non-commercial fishing in each planning unit by the

country’s total non-commercial fishing effort, CNF. For Fi,

we assume that it is determined by the population k along

the coastline, weighted exponentially by distance d (km)

from the midpoint of k to the midpoint of the planning unit,

with a constant a = 0.01.

The annual number of fishers per planning unit is equal

to:

Nfi ¼ FiAi

Ceffort

� �
CNf ;

where,

Ceffort ¼
Xm

i¼1
FiAi;

and,

Fi ¼
Xn

k¼1
ke�ad:

Using ARCGIS software (ESRI, 2008), we constructed the

opportunity cost layers along the Mediterranean coastline,

giving a total of 8964 planning units. This provides a basic

framework for calculating the cost of non-commercial fishing

across the entire Mediterranean Sea using surrogate data;

however, if such data become available in the future, it could

feed into this equation to help create a more informative

cost layer.

RESULTS

We discovered that planning for marine conservation in the

Mediterranean Sea when countries collaborate can signifi-

cantly improve conservation efficiency compared with a sce-

nario where countries act separately. Based on all four cost

proxies and conservation targets, a fully coordinated scenario

where the Mediterranean Sea is treated as a single integrated

entity can save 70–77% of the total cost of an uncoordinated

scenario where countries act in isolation (Table 1). A partly

coordinated scenario, where countries from each continent

coordinate, can save 55–71% of the total cost of an uncoor-

dinated plan. Comparing a fully coordinated scenario with a

partly coordinated scenario, we find that a fully coordinated

scenario is still most cost-effective with savings 21–46% of

the cost of the partly coordinated scenario. Thus, we found

that to meet the same conservation targets, opportunity costs

were substantially reduced when considering higher levels of

coordination among countries (Table 1).

The area required to implement the three conservation

plans slightly decreased when collaboration between coun-

tries increased. The average area (of the 10 best solutions of

each collaboration level) required to implement a fully coor-

dinated conservation plan was reduced by 900–1200 km2

when compared with an uncoordinated plan. The area

Diversity and Distributions, 19, 1380–1393, ª 2013 John Wiley & Sons Ltd 1385
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required for implementing a partly coordinated scenario was

also reduced by 600–1000 km2 compared with the uncoordi-

nated scenario (Table 1).

We found that when partaking in a collaborative plan, the

savings in marine conservation costs differ among various

Mediterranean countries. Due to the similarity in our collabo-

ration findings for the four cost layers, we report here on our

findings from one cost layer (see Fig. 2b for cost layer). We

found that while 12 of 18 countries had their highest savings

when conducting conservation in a coordinated plan (Table

S3), six countries had greatest savings when conducting con-

servation with no coordination. Countries that had the great-

est reductions in cost with a fully coordinated plan compared

with an uncoordinated plan include Spain (saving c. US$

1053 million), Tunisia (saving c. US$197 million), Italy (sav-

ing c. US$185 million) and Morocco (saving c. US$74 million;

Figs 3 and 4). Countries that had the largest cost addition in

a fully coordinated plan compared with an uncoordinated

plan were France (cost of c. US$85 million), Libya (cost of

c. US$23 million) and Malta (cost of c. US$14 million; Figs 3

and 4). Two countries saved the most from a partly coordi-

nated scenario, Egypt (saving c. US$4 million) and Montene-

gro (saving c. US$0.5 million) (Table S3; Fig. 4).

Our results showed higher clustering of spatial priorities

with high levels of collaboration (Fig. 5). For the fully

coordinated plan, high-priority conservation areas for all

threatened vertebrate species that minimize opportunity cost

and meet conservation targets were identified. These areas

included the coastal waters of France and Malta, the Adriatic

Sea, the Aegean Sea, deep waters of Israel, coastal waters of

Egypt and Libyan coastal waters near the Tunisian border

(Fig. 5a). The spatial priorities found in the fully coordinated

scenario were present in all four cost layers (Fig. S3). For the

partly coordinated scenario, we found that the priority areas

changed and become less clustered compared with the fully

coordinated scenario. The Aegean Sea and the deep waters

between the border of Greece and Libya became higher-

priority areas in the partly coordinated scenario (Fig. 5b).

However, the Libyan and Egyptian coastal waters did not

persist as high-priority areas as found in the fully coordi-

nated scenario. Spatial priorities became even more dispersed

in the uncoordinated scenario compared with the fully and

partly coordinated scenarios (Fig. 5c).

DISCUSSION

Conservation efficiency can be significantly increased when

countries of the Mediterranean Sea coordinate their conser-

vation actions to protect marine species. A fully coordinated

plan across the Sea can reduce conservation costs by more

Table 1 Cost and area required to reach our set conservation target (to protect 10% of the distribution of 77 threatened species; IUCN,

2012) for the three collaboration scenarios (see Table S4 for the per country costs of the uncoordinated scenario). The cost is the

average cost over ten ‘best solutions’ (one best solution is from 1000 Marxan runs) of the MPA network. The four different cost layers

represent opportunity cost for both commercial and non-commercial (recreational and subsistence) fishing for the entire Mediterranean

Sea

Cost layers

Average cost - US$ million per year

(Area required to achieve conservation

targets - average number of planning units)

Fully coordinated scenario Partly coordinated scenario Uncoordinated scenario

Cost layer (a)

Commercial fishing (decay rate a = 0.001) and

non-commercial fishing use GDP values

652

(2541)

910

Africa: 292

Asia: 20

Europe: 598

(2546)

2162

(2553)

Cost layer (b)

Commercial fishing (decay rate a = 0.01) and

non-commercial fishing use GDP values

614

(2536)

1140

Africa: 297

Asia: 256

Europe: 587

(2540)

2540

(2548)

Cost layer (c)

Commercial fishing (decay rate a = 0.05) and

non-commercial fishing use GDP values

275

(2543)

350

Africa: 133

Asia: 16

Europe: 201

(2546)

1219

(2552)

Cost layer (d)

Commercial fishing (decay rate a = 0.01) and

non-commercial use an equal value ($50) for all countries.

600

(2537)

899

Africa: 315

Asia: 22

Europe: 562

(2537)

2104

(2547)

MPA, marine protected area; GDP, Gross domestic product.
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than two-thirds (70%–77%; Table 1). Thus, an uncoordi-

nated plan is almost four times more expensive than a coor-

dinated plan to meet the same conservation targets. A partly

coordinated plan where countries from each continent col-

laborate can also reduce conservation costs by more than a

half (55–71%; Table 1) of the cost of an uncoordinated plan.

In the light of our findings, collaboration between countries

of the Mediterranean Sea should be encouraged as a means

to improve conservation efficiency in the marine environ-

ment.

Costs were considerably reduced by increasing collabora-

tion among countries, but area requirements were largely

unaffected (Table 1). To reach the same conservation targets,

all collaboration scenarios in our study required almost the

same amount of area to be devoted to marine conservation.

For the same spatial extent, we found that spatial priorities

for marine conservation were clustered differently for the
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three levels of collaboration (Fig. 5). Thus, the huge cost effi-

ciencies are realized via choosing to take conservation action

in the cheapest places (Carwardine et al., 2008). If we

assumed that the area and the cost are equal when planning

for conservation, then we would be assuming a homogenous

system (Ando et al., 1998; Naidoo et al., 2006), which is

clearly not the case in the Mediterranean Sea or most other

real systems.

Findings from terrestrial studies, while showing similar

trends, do not translate directly to the marine realm when

planning for conservation (Halpern & Warner, 2003). Kark

et al. (2009) explored collaboration of the Mediterranean
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terrestrial basin for terrestrial vertebrates and found that a

fully coordinated conservation plan can save 45% of the total

cost compared with an uncoordinated plan, whereas our

coordinated marine plan delivered greater savings, up to

three quarters. Area requirements were also largely reduced

with increased collaboration on land (Kark et al., 2009), but

were found to be almost constant in our marine study

(Table 1). Kark et al. (2009) found that high-priority areas

for terrestrial conservation efforts were concentrated in the

European part of the Mediterranean. Here, we found that

priority areas were spread throughout the Mediterranean Sea

with no concentration in one geographical area (Fig. 5). We

suggest that collaborative conservation efforts may be even

more mutually beneficial and feasible in the marine realm,

than the terrestrial realm, in this complex part of the globe.

While we have shown that a fully coordinated plan is most

cost-effective, establishing collaboration is hampered by eco-

nomical, political or social barriers (Sandwith et al., 2001;

Kark et al., 2009). Even a partly coordinated plan, where

countries within each continent collaborate, is difficult to

achieve in this socio-politically complex region. Large-scale

spatial plans may be difficult to implement (Kark et al.,

2009; Agardy et al., 2011), but our study indicates that even

partial collaboration between countries can deliver huge ben-

efits (Table 1). Therefore, one option is to plan collaboration

across countries that already have established ties. In 2008,

the European Commission announced the establishment of

an MPA network to protect marine biodiversity in European

waters following the Marine Strategy Framework Directive

(European Commission, 2008). The European Union, where

collaborative legislation and initiatives already exist, may

provide a suitable platform for establishing collaboration

(Kark et al., 2009). North African collaborations also exist

for conservation (IUCN Centre for Mediterranean Coopera-

tion, 2012); most African countries in the region are linked

to the Union of Arab Maghreb (UAM) Agreement and the

Pan-African Parliament treaty (2006).

Interestingly, we found that multinational collaboration

does not reduce conservation costs equally for every country

when they collaborate. Such results are related to the high

heterogeneity of costs (Fig. 2) and species (Fig. 1) in the

Mediterranean Sea and are perhaps a likely outcome for

complex regions where high diversity between countries

exists. The majority of countries around the Mediterranean

Sea saved money by engaging in a collaborative plan. How-

ever, for France, Libya and Malta, costs remained high

despite collaboration (Figs 3 and 4). We find that these

countries may have areas that remain high conservation

priorities regardless of the level of collaboration (Fig. 5a,b),

which means the benefits of collaboration for conservation

are small or negative. While the benefits are inequitable,

cross-country collaboration reduced costs for most Mediter-

ranean countries and is far more efficient for the Mediterra-

nean Sea as a whole. Because the costs and benefits between

the collaborating countries are highly variable (Fig. 5), but

the overall benefits are substantial, we believe that plans like

this may require between-country compensations or subsidy

measures. For example, Spain can gain from investing in a

fully collaborative plan (c. US$1053 million), but to involve

countries which do not gain, Spain may need to provide

financial assistance or incentive to other countries. Despite

the establishment costs, such countries may actually gain

from investing in a collaborative plan in the long term when

the benefits of marine reserves occur (Halpern & Warner,

2003). Additional profits from establishing protected areas

such as ‘MPA spillover’ where fish stocks within an MPA

spill over to unprotected areas (increased fish biomass; Go~ni

et al., 2008; Stobart et al., 2009) and tourism profits (Agar-

dy, 1993) were not considered in this study and may in time

cover the initial costs.

Large-scale conservation planning in a region with many

countries that have different economics and data is

challenging (Kark et al., 2009). Presently, there is poor

availability of consistent socio-economic data within the

Mediterranean basin at broad spatial scales. This is espe-

cially evident for recreational and subsistence fishing, where

very little, if any, information is available at a country level

(Lloret et al., 2008). In addition, there are unknown factors

such as illegal fishing which may mean reported annual

catches of some countries are actually higher (Coll et al.,

2013). In making decisions for the entire Mediterranean Sea

when there is little access or collaboration of data, using

cost surrogates is a necessary alternative approach

(Rodrigues & Brooks, 2007). Our objective was to compare

collaboration scenarios rather than provide a detailed con-

servation work plan. We had no restrictions on budgets;

however, if this study was being explored as a conservation

plan for the region, we would need to find more detailed

economic data, including set budgets (e.g. budgets per

country based on their capacity to contribute to marine

conservation), transaction costs and the cost of protected

area management. As more detailed and accurate data

become available on species ranges and habitats for the

entire Mediterranean, these can be incorporated into our

methods. However, we expect that our finding of improved

conservation efficiency when comparing a fully coordinated

conservation plan with an uncoordinated plan will still hold

true as tested by our four cost surrogates (Table 1) and

supported by findings in Kark et al. (2009) and Moilanen

et al. (2013) within terrestrial systems.

This is the first study that quantifies the benefits of

between-country conservation in the marine realm. We

found that conservation costs can largely be reduced if coun-

tries collaborate in the Mediterranean Sea. However, coun-

tries will not benefit from collaboration equally. This type of

analysis could be valuable for decision-makers when consid-

ering the implementation of transboundary marine parks or

multinational marine reserves and the allocation of interna-

tional conservation funding for joint conservation agree-

ments (e.g. the Convention on Biological Diversity (CBD,

2013) signed by c. 190 countries with the aim to provide

protection for at least 10% of each habitat type globally;
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Soutullo et al., 2008). Our approach is also helpful for

assessing the potential benefits of collaboration as a way to

engage and forge collaborative ties, particularly in areas

where many countries or geopolitical divisions within a

country (e.g. states) share marine waters and collaborative

conservation is necessary. While collaboration among coun-

tries can be challenging, evaluating the costs and benefits of

collaboration may provide incentives for partaking in collab-

orative action and its potential success. Incorporating collab-

oration into the systematic conservation planning framework

is an important step for advancing such planning in the mar-

ine realm, delivering geographically applicable and efficient

conservation outcomes.
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