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Marine Spatial Planning is an integrated and participatory planning process  
and tool that seeks to balance ecological, economic, and social objectives,  
aiming for sustainable marine resource use and prosperous blue economies.

The MACBIO project supports partner countries in collecting and analyzing spatial  
data on different forms of current and future marine resource use, establishing a 
baseline for national sustainable development planning.

Aiming for integrated ocean management, marine spatial planning facilitates the 
sustainable use and conservation of marine and coastal ecosystems and habitats.

This technical summary describes biophysical principles to design offshore networks of 
no-take Marine Protected Areas. It is part of MACBIO’s support to its partner countries’ 
marine spatial planning processes. These processes aim to balance uses with the need 
to effectively manage and protect the rich natural capital upon which those uses rely. 
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Biophysical design principles for offshore 
networks of no-take Marine protected areas 

  TeChniCaL SuMMaRy

No-take marine protected areas (MPAs) that prohibit extractive uses are one of the most effective tools for protecting marine 
ecosystems from destructive and extractive human activities. They have been used in coastal seas all over the world, often 
according to widely accepted design principles or guidelines that enhance the likelihood of their success.  Increasingly, 
they are also being implemented in the open ocean. Using knowledge about offshore ecosystems and existing MPA design 
principles, we developed ten comprehensive biophysical design principles for offshore, no-take MPA networks.

PrinciPle 1: REPRESENT All BIOREGIONS1 

1a. represent at least 20–30% of marine bioregions in no-take MPAs
Protection of all habitats, flora and fauna, ecosystem function, integrity and resilience requires that adequate examples of 
every bioregion are included in no-take areas. 

1b. represent at least 20-30% of marine bioregional transition boundaries in no-take MPAs
Boundaries and transition zones between bioregions in the open ocean tend to aggregate a high diversity and density of 
open ocean species.

PrinciPle 2: REPRESENT All hABITATS
represent at least 10–30% of each known habitat or feature2 in no-take MPAs, with special considerations where 
bioregions are unknown.
To ensure future sustainability of offshore marine environments, examples of the full range of known and mapped 
biophysical habitats must be included in no-take MPAs.

PrinciPle 3: REPRESENt whOlE FEAtURES / hABItAtS, whENEvER POSSIBlE
Mappable features of the open ocean include known areas of high productivity, diversity or significant ecological 
processes, and need to be protected in their entirety.

PrinciPle 4: hAvE At lEASt thREE REPlICAtE NO-tAkE MPAS wIthIN 
BIOREGIONS AND INClUDE AT lEAST ONE ExAMPlE OF EACh hABITAT OR FEATURE
4a. Have at least three replicates: within bioregions; of very large features; of known habitats and of ecological 
processes
Replication of protection minimizes the risk of losing all examples of a habitat, population or assemblage in the case of 
disturbance. Replication also enhances representation of biological heterogeneity within poorly known habitats.

4b. include at least three areas along the migration path of migratory species or within ranges of highly mobile 
species
Where it is not possible to protect an entire migration pathway or species range, placing several replicate no-take MPAs 
at critical points along the migration route or within the range can disproportionately benefit the whole population. 

1	 Where	marine	bioregions	have	been	defined	at	a	scale	useful	for	management.

2	 Shelf	valleys,	slope	terraces,	slope,	abyssal	and	hadal	escarpments,	shelf-incising	canyons	connected	to	river	systems,	other	shelf	incising	river	
systems,	blind	canyons,	basins,	ridges,	troughs,	bridges,	fans	10%	each;	trenches	and	plateaus	15%	each;	shelf,	abyssal	and	hadal	sills,	each	
type	of	seamounts	20%	each;	coral	reefs	and	oceanic	islands	that	emerge	from	>80m	25%;	epipelagic,	mesopelagic,	bathypelagic,	abyssopelagic,	
hadopelagic	and	any	other	habitats	20-30%.
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PrinciPle 5: INClUdE SPECIAl, UNIqUE OR RARE FEAtURES ANd/OR SPECIES
this may include, for example, unique geomorphologic or hydrodynamic features, areas important for aggregation, 
nurseries, spawning, foraging, offshore nesting sites, migratory staging points, mammal calving areas, areas with high 
biodiversity, endemism, productivity or with threatened, isolated or rare species or habitats.

PrinciPle 6: MAKE MPAS lARGER RAThER ThAN SMAllER
6a. inshore (coast to edge of shallowest adjacent habitats): Make no-take MPAs 400m–2km in diameter
This guideline is for inshore areas and matches the range, distribution and dispersal patterns associated with many inshore 
habitats and species.

6b. nearshore (outer edge of coastal habitat e.g. outer edge of reef to 80m contour): Make no-take MPAs 2–10km  
in diameter
Further offshore, habitat features, species ranges and dispersal patterns tend to be larger. 

6c. Offshore (beyond 80m contour): Make no-take MPAs 50–200km in diameter
Offshore ecosystems host migratory and wide-ranging species, and habitats and special, unique features tend to be larger 
than in inshore or nearshore environments. however, even these species and habitats are now known to benefit from 
protection of part of their range, migration route or spatial occupation. 

PrinciPle 7: MAKE MPAS SIMPlE ShAPES AND MAxIMISE ThE AREA TO BOUNDARy 
RATIO
Simple shapes, such as squares, maximize the area in the centre of an MPA, reduce the complexity of boundaries and 
reduces boundary length, thus facilitating compliance.

PrinciPle 8: SPACE MPAS tO MAxIMISE CONNECtIvIty BEtwEEN thEM
8a. inshore (coast to edge of shallowest habitats): Distance between no-take MPAs should be between 500m and 5km
This guideline is for inshore areas and matches the range, distribution and dispersal patterns associated with many inshore 
habitats and species.

8b. nearshore (edge of slope to 80m contour): Distance between no-take MPAs should be between 5 and 20km
Connectivity beyond the edge of shallow habitats tends to be naturally lower, and can occur over larger distances.

8c. Offshore (beyond 80m contour): Distance between no-take MPAs should be between 20 and 200 km
Because of the wide-ranging or widely distributed nature of offshore populations, genetic connectivity is possible across very 
large areas. 

PrinciPle 9: ChOOSE PERMANENt PROtECtION OvER tEMPORARy PROtECtION
Permanent protection enhances the likelihood of recovery of populations and habitats, even if they are very long-lived,  
slow-growing or heavily damaged.

PrinciPle 10: APPly OthER MPA CAtEGORIES, whICh AllOw FOR ExtRACtIvE 
ACtIvItIES, ONCE 20-30% OF BIOREGION/hABItAtS IS AdEqUAtEly PROtECtEd IN 
NO-TAKE MPAS
Reducing threats to other categories of MPAs and to surrounding areas will enhance the effectiveness of no-take MPAs and 
the area as a whole. 

Source:	Ceccarelli	DM,	Matoto	V,	Raubani	J,	Jones	GP,	Fernandes	L	(2018)	Biophysical	design	principles	for	offshore	
networks	of	notake	Marine	Protected	Areas.	MACBIO	(GIZ/IUCN/	SPREP):	Suva,	Fiji.	56	pp.



7Biophysical design principles for offshore networks of no-take Marine protected areas

Key ReFeRenCeS
Abesamis, R.A., Green, A.l., Russ, G.R., Jadloc, C.R.l., 2014. The intrinsic 

vulnerability to fishing of coral reef fishes and their differential recovery in 
fishery closures. Reviews in Fish Biology and Fisheries 24, 1033–1063.

Alpine, J.E., hobday, A.J., 2007. Area requirements and pelagic protected 
areas: is size an impediment to implementation? Marine and Freshwater 
Research 58, 558–569.

Babcock, R.C., Shears, N.T., Alcala, A.C., Barrett, N.S., Edgar, G.J., lafferty, 
K.D., McClanahan, T.R., Russ, G.R., 2010. Decadal trends in marine 
reserves reveal differential rates of change in direct and indirect effects. 
Proceedings of the National Academy of Sciences 107, 18256–18261.

Baco, A.R., Etter, R.J., Ribeiro, P.A., von der heyden, S., Beerli, P., kinlan, 
B.P., 2016. A synthesis of genetic connectivity in deep-sea fauna and im-
plications for marine reserve design. Molecular Ecology 25, 3276–3298.

Ban, N.C., Maxwell, S.M., Dunne, D.C., hobday, A.J., Bax, N.J., Ardron, J., 
Gjerde, K.M., Game, E.T., Devillers, R., Kaplan, D.M., Dunstan, P.K., 
halpin, P.N., Pressey, R.l., 2014. Better integration of sectoral planning 
and management approaches for the interlinked ecology of the open 
oceans. Marine Policy 49, 127–136.

Block, B.A., Jonsen, I.D., Jorgensen, S.J., Winship, A.J., Shaffer, S.A., Bograd, 
S.J., hazen, E.l., Foley, D.G., Breed, G.A., harrison, A.-l., Ganong, J.E., 
Swithenbank, A.M., Castleton, M., Dewar, h., Mate, B.R., Shillinger, G.l., 
Schaefer, K.M., Benson, S.R., Weise, M.J., henry, R.W., Costa, D.P., 
2011. Tracking apex marine predator movements in a dynamic ocean. 
Nature 475, 86–90.

Briscoe, D.K., hobday, A.J., Carlisle, A.B., Scales, K.l., Eveson, J.P., 
Arrizabalaga, h., Druon, J.N., Fromentin, J.M., 2017. Ecological bridges 
and barriers in pelagic ecosystems. deep-Sea Research II 140, 182–192.

Briscoe, d.k., Maxwell, S.M., kudela, R., Crowder, l.B., Croll, d., 2016. Are 
we missing important areas in pelagic marine conservation? Redefining 
conservation hotspots in the ocean. Endangered Species Research 29, 
229–237.

Davies, T.E., Maxwell, S.M., Kaschner, K., Garilao, C., Ban, N.C., 2017. large 
marine protected areas represent biodiversity now and under climate 
change. Scientific Reports 7, 9569/dOI:10.1038/s41598-017-08758-5.

Day, J., Dudley, N., hockings, M., holmes, G., laffoley, D., Stolton, S., Wells, 
S., 2012. Guidelines for  applying the IUCN Protected Area Management 
Categories to Marine Protected Areas. IUCN, Gland, Switzerland.

Dudley, N. (Ed.), 2008. Guidelines for Applying Protected Area Management 
Categories. International Union for Conservation of Nature and Natural 
Resources (IUCN), Gland.

Edgar, G.J., Stuart-Smith, R.D., Willis, T.J., Kininmonth, S., Baker, S.C., 
Banks, S., Barrett, N.S., Becerro, M.A., Bernard, A.T.F., Berkhout, J., 
Buxton, C.D., Campbell, S.J., Cooper, A.T., Davey, M., Edgar, S.C., 
Forsterra, G., Galvan, D.E., Irigoyen, A.J., Kushner, D.J., Moura, R., 
Parnell, P.E., Shears, N.T., Soler, G., Strain, E.M.A., Thomson, R.J., 2014. 
Global conservation outcomes depend on marine protected areas with 
five key features. Nature 506, 216–228.

Fernandes, l., day, J., kerrigan, B., Breen, d., de’ath, G., Mapstone, 
B.D., Coles, R., Done, T., Marsh, h., Poiner, I., Ward, T., Williams, 
d., kenchington, R., 2009. A process to design a network of marine 
no-take areas: lessons from the Great Barrier Reef. Ocean & Coastal 
Management 52, 439–447.

Fernandes, l., Green, A., Tanzer, J., White, A., Alino, P., Jompa, J., lokani, 
P., Soemodinoto, A., Knight, M., Pomeroy, B., Possingham, h., Pressey, 
B., 2012. Biophysical principles for designing resilient networks of 
marine protected areas to integrate fisheries, biodiversity and climate 
change objectives in the Coral Triangle. Report prepared by The Nature 
Conservancy for the Coral Triangle Support Partnership.

Gaines, S.D., White, C., Carr, M.h., Palumbi, S.R., 2010. Designing marine 
reserve networks for both conservation and fisheries management. 
Proceedings of the National Academy of Sciences of the United  States of 
America 107, 18286–18293.

Graham, N.A.J., Ainsworth, T.D., Baird, A.h., Ban, N.C., Bay, l.K., Cinner, J.E., 
De Freitas, D.M., Diaz-Pulido, G., Dornelas, M., Dunn, S.R., Fidelman, 
P.I.J., Foret, S., Good, T.C., Kool, J., Mallela, J., Penin, l., Pratchett, M.S., 
williamson, d.h., 2011. From microbes to people: tractable benefits of no-
take areas for coral reefs. Oceanography and Marine Biology: an annual 
review 49, 105–136.

Great Barrier Reef Marine Park Authority, 2002. Biophysical operational 
principles as recommended by the Scientific Steering Committee for the 
Representative Areas Program.

Green, A., white, A., kilarski, S. (Eds.), 2013. designing marine protected area 
networks to achieve fisheries, biodiversity, and climate change objectives 
in tropical ecosystems: A practitioner guide. The Nature Conservancy, and 
the USAID Coral Triangle Support Partnership, Cebu City, Philippines.

Green, A.l., Maypa, A.P., Almany, G.R., Rhodes, K.l., Weeks, R., Abesamis, 
R.A., Gleason, M.G., Mumby, P.J., White, A.T., 2014. larval dispersal 
and movement patterns of coral reef fishes, and implications for marine 
reserve network design. Biological Reviews doi:10.1111/brv.1255.

Grober-Dunsmore, R., Wooninck, l., Field, J., Ainsworth, C., Beets, J., 
Berkeley, S., Bohnsack, J.A., Boulon, R., Brodeur, R.D., Brodziak, J., 
Crowder, l., Gleason, D., hixon, M., Kaufman, l., lindberg, B., Miller, M., 
Morgan, l., wahle, C., 2008. vertical zoning in Marine Protected Areas: 
ecological considerations for balancing pelagic fishing with conservation 
of benthic communities. Fisheries 33, 598–610.

harrison, h.B., Williamson, D.h., Evans, R.D., Almany, G.R., Thorrold, S.R., 
Russ, G.R., Feldheim, K.A., van herwerden, l., Planes, S., Srinivasan, 
M., Berumen, M.l., Jones, G.P., 2012. larval export from marine reserves 
and the recruitment benefit for fish and fisheries. Current Biology 22, 
1023–1028.

hooker, S.K., Cañadas, A., hyrenbach, K.D., Corrigan, C., Polovina, J.J., 
Reeves, R.R., 2011. Making protected area networks effective for marine 
top predators. Endangered Species Research 13, 203–218.

huvenne, v.A.I., Bett, B.J., Masson, d.G., le Bas, t.P., wheeler, A.J., 2016. Ef-
fectiveness of a deep-sea cold-water coral Marine Protected Area, following 
eight years of fisheries closure. Biological Conservation 200, 60–69.

hyrenbach, K.D., Forney, K.A., Dayton, P.K., 2000. Marine protected areas 
and ocean basin management. Aquatic Conservation: Marine and 
Freshwater Ecosystems 10, 437–458.

hyrenbach, k.d., keiper, C., Allen, S.G., Ainley, d.G., Anderson, d.J., 2006. 
Use of marine sanctuaries by far-ranging predators: commuting flights 
to the California Current System by breeding hawaiian albatrosses. 
Fisheries Oceanography 15, 95–103.

IUCN-WCPA, 2008. Establishing Marine Protected Area Networks - making it 
happen. IUCN World Commission on Protected Areas, Washington D.C.

lauck, t., Clark, C.w., Mangel, M., Munro, G.R., 1998. Implementing the 
precautionary principle in fisheries management through marine reserves. 
Ecological Applications 8, S72–S78.

leenhardt, P., Cazalet, B., Salvat, B., Claudet, J., Feral, F., 2013. the rise of 
large-scale marine protected areas: Conservation or geopolitics? Ocean 
and Coastal Managment 85, 112–118.

Maxwell, S.M., Ban, N.C., Morgan, l.E., 2014. Pragmatic approaches for 
effective management of pelagic marine protected areas. Endangered 
Species Research 26, 59–74.

Mellin, C., MacNeil, M.A., Cheal, A.J., Emslie, M.J., Caley, M.J., 2016. Marine 
protected areas increase resilience among coral reef communities. 
Ecology letters 19, 629–637.

Micheli, F., halpern, B.S., Botsford, l.W., Warner, R.R., 2004. Trajectories and 
correlates of community change in no-take marine reserves. Ecological 
Applications 14, 1709–1723.

Norse, E.A., 2005. Pelagic protected areas: the greatest parks challenge of 
the 21st century. Parks 15, 32–39.

Roberts, R.C., Sargant, h., 2002. Fishery benefits of fully protected marine 
reserves: why habitat and behaviour are important. Natural Resource 
Modeling 15, 487–507.

Rowe, J.J., Sedberry, G.R., 2004. Integrating GIS with fishery survey historical 
data: a possible tool for designing Marine Protected Areas, in: Institute, 
G. and C.F. (Ed.), Proceedings of the 57th Gulf and Caribbean Fisheries 
Institute. Gulf and Caribbean Fisheries Institute, St Petersburg, pp. 9–30.

Russ, G.R., 2002. yet another review of marine reserves as reef fisheries 
management tools., in: Sale, P.F. (Ed.), Coral Reef Fishes: Dynamics 
and Diversity in a Complex Ecosystem. Academic Press, San Diego, 
California, pp. 421–443.

Sibert, J., hampton, J., 2003. Mobility of tropical tunas and the implications for 
fisheries management. Marine Policy 27, 87–95.

Sibert, J., hampton, J., 2002. lifetime displacements of tropical tunas: how 
much ocean do you need to conserve “your” tuna? Pelagic Fisheries 
Program, University of hawaii Secretariat of the Pacific Community, New 
Caledonia.

UNESCO, 2009. Global open oceans and deep seabeds (GOOdS) – biogeo-
graphic classification. IOC technical Series, 84. UNESCO-IOC, Paris.






