Marine Protected Areas:
Design Principles
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Marine Protected Areas in Hawali

Friedlander et al. 2005



Coral Reef Fish life-history Characteristics

* Long-lived (> 50 yrs)

e Delayed maturity
 Complex social structure
— Spawning aggregations

— Change sex

— Haremic Soldierfishes
* Habitat dependent

‘u’u (menpachi)

Longevity >14 years
Age @ 15t breed =6 yrs



Direct Effects Ecosystem Effects
 Declines in:

— abundance * Changes in:

— Size Trophic structure

— reproductive output Predator-prey dynamics
« Changes in: Reduced herbivory

_ sex ratio Phase-shift

— behavior & distribution

=)

=)



 Larger individuals are
targeted in the fishery

e Intense fishing
mortality favors
selection for smaller
adult size and earlier
reproduction.

 This reduces
reproductive output



No-take Marine Reserves enhance fisheries through
Increased reproductive output and adult spillover

Maintains productivity of the ecosystem
Provides opportunity to learn and monitor (baseline)

Alternative economic opportunities




Halpern 2003



Emigration from
reserve due to increased
competition for resources
or other density-
dependent mechanisms

 Partial reduction in
reserve occurs when
home ranges extend
beyond reserve
boundaries and fish are
caught along the edge




e Larger fish inside MPA
 Produce more eggs
 Can increase populations out of reserves



Reserves 4 to 6 km in
diameter should be large
enough to contain larvae

of short distance dispersers

Reserves spaced 10 to 20
km apart should be close
enough to capture
propagules released from
adjacent reserves
(Shanks et al. 2003)
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Size and Spacing of Reserves with Respect to Dispersal

Conservation Reserves

- Large enough to support
adequate self-recruitment

No. of larvae

Dispersal distance

Fisheries Reserves

—

Open * Sized and spaced to
export larvae to open
areas (enhance fishery)

No. of larvae

\

Dispersal distance Sale et al. 2005
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Existing MLCD = 0.32 km?



Hawaii Coral Ecosystem Benthic Habitat Maps

Orthorectified
aerial photo

® Visual interpretation

® true-color
* 1.2 m pixel

 Hierarchical
classification:

e Z0Ne
e Structure

e Cover

« MMU = 0.4 ha
* 90% accuracy

http://ccma.nos.noaa.gov/products/biogeography/hawaii_cd/index.htm









Spatially-explicit Sampling Design

Random stratified design

» Habitat type
« coral, other hard bottom,
macroalgae, sand

 Management [habitat]
e Open, MPA, FMA

* Fish Censuses
e 25m X 5m transects

» Habitat metrics
* biotic cover
(coral, algae, inverts)
e abiotic
(depth, complexity, type)




Walikiki Benthic Habitats, MPAs, and

Sampling Locations (N = 99)

Waikiki MLCD/

Est. 1988, 31 Ha

Waikiki-DH FMA —
Rotational closure
since 1978, 97 Ha



Fish biomass (t hal) by transect (N=99) for Waikiki including
Walikiki MLCD and Waikiki-Diamondhead FMA.
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Mean biomass per transect (t hat) by Consumer Guild and
Management Regime on hard-bottom habitats
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Primary Secondary



Colonized hardbottom

Macroalgae

Uncolonized hardbottom

Primary

Secondary

Apex

Fish Community
Trophic Structure
In major habitat
types pooled
across locations

» Highest biomass of apex
on colonized hardbottom

* Highest apex proportion
on sand (relative)

« Sand important corridor
» Lowest biomass on

macroalgae and
uncolonized hardbottom






Approach lI: Surveys of Local Knowledge



Defining MPA boundaries in the San Andres Archipelago,
Colombia using biological information and local knowledge



Local knowledge of
iImportant fisheries
resources around

La Isla Providencia,

San Andres Archipelago
Colombia

G — grouper aggregations
C —conch

C; —Juvenile conch

L — lobster

L;— juvenile lobster

B — baitfish



La Isla Providencia,
San Andres
Archipelago,
Colombia

* Develop habitat maps
* Determine sample sites

o Identify ecologically
relevant habitat types



Stakeholder and scientific proposals for no-take marine
protected area in La Isla Providencia, Colombia

Other B Scientific
Forereef B Community

Crest

Leeward slope
Shallow seagrass
Patch reefs

Deep seagrass

Gorgonians

Mangroves

Friedlander et al. 2003 Percentage in No-take
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