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Designation and Management of 
Marine Reserve Networks (DEMARN) 

• Part I ̶ ̶   Spatial analysis and characterization 
of MPAs of the Mediterranean Sea 

• Part II ̶ ̶   Relationship between “conservation 
identity” (i.e., propensity for marine 
conservation) and MPA management regimes 

• Part III ̶ ̶   Use of the decision support tools 
(DST) for MPA management and zoning 
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Indicate decision points in process 



What is an MPA? How many are there? 

Study Sponsors/source No. of MPAs 

Coll et al. 2011 Institut de Ciències del Mar, Spain 105 

Abdulla et al. 2008 IUCN, WWF, MedPAN 94 

Mouillot et al. 2011 Université Montpellier, France 100 

Brouquere 2005 IUCN Centre for Mediterranean Cooperation 120 (W. Med.  
only) 

PART I – Spatial Analysis 



Marine News - IUCN Global Marine and Polar 
Programme Newsletter 2010-2011 

 
“According to the last report 
from the Regional Activity 
Centre for Specially 
Protected Areas (SPAs) there 
are over 750 SPAs in the 
Mediterranean [Sea] 
covering 144,000 km2. “ 



What are MPAs? 
Any area of intertidal or subtidal terrain, together with its overlying water 
and associated flora, fauna, historical and cultural features, which has been 
reserved by law or other effective means to protect part or all of the enclosed 
environment.  (Resolution 17.38 of the IUCN General Assembly, 1988, 
reaffirmed in Resolution 19.46, 1994) 
 
 
Any defined area within or adjacent to the marine environment, together with 
its overlying water and associated flora, fauna, historical and cultural 
features, which has been reserved by legislation or other effective means, 
including custom, with the effect that its marine and/or coastal biodiversity 
enjoys a higher level of protection than its surroundings (Convention on 
Biological Diversity, 2010). 
 
 
Any area of the marine environment that has been reserved by federal, state, 
tribal, territorial, or local laws or regulations to provide lasting protection for 
part or all of the natural and cultural resources therein (U.S. Executive Order 
13158 on Marine Protected Areas, 2000). 
 



The Network of Managers of Marine Protected Areas in the 
Mediterranean (MEDPAN) 
A Database of the World's Marine Protected Areas 
World Database on Protected Areas 
World Wildlife Fund 
National Oceanic and Atmospheric Administration, USA 
International Union for Conservation of Nature 
Regional Activity Center for Specially Protected Areas 
International Partnership of Science 
Marine Protected Areas as Tools for Fisheries Management and 
Conservation 

Sources of Information 

 



MEOW, a nested system of 12 realms, 62 provinces, 
and 232 ecoregions 

Ecoregions from MEOW:  
Spalding, M. D., et al. (2007). "Marine Ecoregions of the World:  

A Bioregionalization of Coastal and Shelf Areas." Bioscience 57(7): 573-583. 
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Portman, M. E., Nathan, D., Levin, N. (2012) 
“From the Levant to Gibraltar: A Regional 
Perspective for Marine Conservation in the 
Mediterranean Sea”  
Ambio  ̶ ̶   Journal of the Human Environment.  



Combined human Impact/activities 
levels in the coastal zone 



Human Activities Models 
• Sanderson et al. (2002)’s proxies: human population distribution, 

urban areas, roads, navigable rivers, and agricultural land uses; 
Combined influence is normalized by global biomes  - influence 
scores (WCS 2011).  

• Halpern  et al. (2008) used expert opinion to rate the impact of 
marine uses (fishing, mining, etc) on marine ecosystems. 

• Standardized and combined at resolution of 1 km2 cells. 

 

 

 



Limitations of the combined raster 

• Resolution: global or regional vs. local 

• Impacts vs. activities: there are differences 
that standardization does not account for 
(impacts – response; activities – pressures) 

• Smoothing process conducted for the gap 
between rasters 

• Scores  based on averages of the different 
areas/features 



Survey Results 

Spatial distribution can be generalized thus:  
•  Most MPAs are near shores; 94% are within 
 territorial waters 

• Most are small 40% < 100 sq km; 30% < 10 sq km 
• Most are listed as level IV of the IUCN protection 
 categories  

• The average distance between MPAs: 50 km 
 

 

 

Spatial Extents: 
•  16% (19 of 117): more terrestrial than marine area 
•  13% < 1 sq km.; 15% have marine areas < 1 sq km 
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More spatial analysis* 

• Turkey has the largest area of MPAs: only 8 
but large. A total of 4549 Km2 (but about half 
terrestrial within that) 

• Spain has the largest number of MPAs:  37; 
but smaller area.  Only 2822 Km2  but mostly 
marine (67%) 

• In some countries there seems to be 
preference for proximity of MPAs to high 
human impact areas more than others. 

 

 
* From the updated data base (2013) 



PART II – Conservation “Identity”  
and  

Propensity For  
Marine Conservation  

Linking of country characteristics related to 
conservation practices to attributes of MPA 

management plans 



 PART II - Workflow 
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Independent Variables –  
Country Identity 

HUMAN IMPACTS  
Marine impact average for the territorial Sea (12 nm) 
Marine impact average of area within EEZ (200 nm) 
Combined marine and terrestrial human impact level 

(Coastal zone: 50 km + 12 nm) 
Average HI of MPA location 
 

CONSERVATION CHARACTERISTICS 
% country non-M Protected area 
Average MPA size in country  
% Country MPA area total (marine + 
terrestrial) 
% Country MPA marine area  of  EEZ 
Length of coast 
 

ECONOMIC 
Country per capita GDP 
Country Fishing Activity ̶ ̶   tonnage, fleet 
Country Income from fishing activity in 
dollars/euros 



Assumptions 

• Core, buffer, periphery are common protection zones 
• Zones that reflect varying protection intentions 
• All uses have some impact, but some more than 

others 
• EU countries will be very different than non-EU 
• Consumptive uses are distinguished from non-

consumptive 
– Consumptive:  commercial & recreational fishing; 

spearfishing 
– Non-consumptive: boating, mooring, education, 

research, tourism   
 



Dependent Variable  
Average MPA protection level 

CORE 
Consumptive uses (CUs) =10 
Non-consumptive uses 
(NCUs) =7 

Protection level 
scores for 

prohibited uses 

CUs  =11 

NCUs =8  

BUFFER 

PERIPHERY 

 CUs =12 

NCUs =9 



Scoring of protection levels gives 
expression to the most restrictive 

conditions in the least restrictive zone 



There are 5 countries that have MPAs 
but insufficient information on zones 

CNTY PL_uses2 

Albania NONE 

Algeria 13.67 

Croatia 9.50 

Cyprus 7.00 

Egypt NONE 

France 11.99 

Greece 14.21 

Israel 13.25 

Italy 13.78 

Lebanon 19.38 

Lybia NONE 

Malta 15.08 

Monaco 5.88 

Montenegro NONE 

Morocco NONE 

Slovenia 7.79 

Spain 9.94 

Syria 7.38 

Tunisia 11.21 

Turkey 10.71 

UK (Gibraltar) 10.00 

Libya, Albania, Egypt 
Montenegro, Morocco 

Cumulative scores are 
divided by the number of 

activities listed  
in the MPA  < or = 8 



Contribution 

To discover:  
• whether certain Med countries have a tendency 

towards  marine conservation and if so, why? 
• whether a marine conservation tendency is 

significantly different than one for land 
conservation 

• where establishing spatially managed protected 
areas using zoning are making the greatest 
contribution (Are protection level scores 
associated with high/low impacted (disturbed) 
areas?) 



PART III 

How do systematic decision support tools 
influence the management regimes proposed 
for MPA design? 

   OR 
What is missing from the planner’s decision 
making tool-box for the detailed planning of 
MPAs? 



Four new MPAS  
PART III- Use of Decision Support 

Tools for the Improved 
Management of MPAs in Israel 

 
 

 
MARXAN – uses an algorithm for 
determining optimal spatial 
conservation solution under 
identified constraints.  
 
ZONATION – Seeks the smallest 
marginal loss in conservation value 
based on multiple runs using 
weighted values.  
 
 



Rosh Ha Nikra – Advanced Detailed 
Planning (Zoning)  



Rosh Ha Nikra Marine Reserve  
Detailed “City” Plan 



Comparing three methods 
Spatial Conservation Priorization Planning Process 

Zonation Marxan Real-life 

Meta-algorithm Accelerated reverse 
stepwise heuristic 

Flexible, but most 
common: Simulated 
annealing 

Spatial solution 
based on 

smallest marginal 
loss in the overall 
conservation value 

Selection frequency 
of cells 

?? 

Operates via Derivative of an 
objective function 

Objective function ?? 

Constraints Cost and area Opportunity costs 
(foregone revenue) 
 

?? 

Sensitivity to  Edge effects Cost ?? 

Requires Priority weights Conservation 
targets 

?? 



• Zonation:  Considered a reverse step-wise 
heuristic because its meta-algorithm starts from 
the full landscape and iteratively removes those 
cells whose loss causes the smallest marginal loss 
in the overall conservation value  

• Marxan: uses stochastic optimisation routines 
(spatially explicit simulated annealing) to 
generate spatial reserve systems that achieve 
particular biodiversity representation goals with 
reasonable optimality. 





demarn.net.technion.ac.il 
 

http://www.rozinblog.com/demarn

