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Chapter Topics 

1.	 Introduction 
Kendall1 and Poti12 

2.	 Ocean Climate 
Pirhalla3, Ransi3, Kendall1, and Fenner4 

3.	 Currents and Larval 

Connectivity 
Kendall1, Poti12, Wynne3, Kinlan12, and Bauer12 

4.	 Reef Fish and Coral 

Communities 
Kendall1, Poti1, Carroll4, Fenner4, Green5, Jacob4, 

Samuelu ah Leong6, Kinlan12, Williams7, and Zamzow7 

5.	 Existing Marine Protected 

Areas of American Samoa 
Poti12, Kendall1, Brighouse8, Clark9, Grant8, Jacob4, 

Lawrence10, and Reynolds9 

NOAA Biogeography1, CSS2,NOAA COAST3, 

ASDMWR4, TNC5, Samoa MAF/FD6, NOAA CRED7, 

NOAA FBNMS8, NPS9, ASDOC10 
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Chapter 1 

• Defines biogeography 

• Sets physical scope 

• Multiscale approach 

• Describes analytical 

scope 

• Climate, reef fish, coral, 

larvae, habitats, MPAs 

• Notes key conservation 

initiatives 
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Ocean Climate  

• Biogeography is shaped by ocean climate 

• Wind, temperature, currents, chlorophyll, sea 

surface height, ENSO, and others 

• Objectives were to describe: 

• Satellite  data in local  context 

• Regional, EEZ, local phenomena 

• Average seasonal fluctuations 

• Multiyear trends 

• SOI relationships 

• Anomalous observations 
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Sea surface temperature 

• 1-3 ⁰C seasonal range 

• ~ cooler during El  Niño (- SOI)  

• Steady rise ~0.5 ⁰C over 20 years 

• Samoan stability 

“this is  a boring part of the ocean” D. Pirhalla 
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Sea surface height 

• Seasonal shifts in SEC/SECC 

• Rising 2-4 mm per year 

• Low tide/Low  SSHA  events 
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Sea surface height 

• March anomalies every 4-8 yrs 

• 10 - 30 cm depressions 

• Significant SOI relationship 

• Reef flat mortality events 
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“Reef flats” represent 

~10% of  reefs in  

American Samoa 

Source: D.Fenner 

Source: M. Anderson 
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Chapter 2 Ocean Climate:  Key Findings 

• More latitudinal than longitudinal variability 

• Seasonal patterns in all  variables 

• Winds, currents,  and  SST more seasonally variable 

• Chlorophyll and  SSH more interannually variable 

• Samoan EEZs lie  in  a relatively “stable” region 

• Magnitude of anomalies/trends may be exacerbated by 

climate change  which  could  have relatively greater 

consequences for reefs of the Samoan Archipelago 

which  are “used to” stable  conditions 
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Biogeography is shaped by  ocean currents 

Objectives: 

• Describe main current features 

• Quantify larval 

connectivity among 

islands 

Current setting 

• Basin gyre 



Tools to Map   Currents and Interisland Connectivity 

• Satellite-tracked drifters  (n = 216); Global Drifter Program 

  Drifters at large Jan 2007 
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Tools continued… 

Hybrid Coordinate 

Ocean Model (HYCOM) 

•	 4 dimensional hydrodynamic 

model (x, y, z, t) 

•	 Based on meteorological and 

oceanographic variables (e.g. 

wind, pressure, tide, temp.) 

•	 Surface currents (10 m deep) 

2004-2009 

•	 9 km grid size 

•	 6 hour time step 
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Defined 2 generalized current seasons and 3 current features 

(used drifters to quantify heading and speed by season and ENSO) 

• South Equatorial Current 

• South Equatorial Counter Current 

• Tonga Trench Eddy 

May  - September October  – April
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Larval Sources (scaled  to potential  reef ecosystem area <150 m*) 

* Mesophotic Coral Ecosystems 2010, Bare et al. 2010 
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Modeled dispersion of 

>800,000 “passive” larvae 

with variable… 

•	 Explored a range of values 

rather than specific species 

•	 Annual mass spawning date 

(After full moons in Oct-Nov) 

•	 Larval lifespan (10, 20, 30, 50, 

and 100 day Pelagic Larval 

Durations) 

•	 Settlement competency period 

(>60% of PLD) 

•	 Daily mortality (3, 18,  and 

46%) 

•	 Reef sensing and swimming 

capability (9, 18, and 36 km 

settlement zones) 

Current flow 
10 day 

20 day 

50 day 

75 day 

100 day 

Distance Travelled 



 

 

 

  

 

  

 

 

 

  

 

 

Biogeographic Assessment of the Samoan Archipelago
 

Current flow 
10 day 

20 day 

50 day 

75 day 

100 day 

Modeled dispersion of 

>800,000 “passive” larvae 

with variable… 

•	 Explored a range of values 

rather than specific species 

•	 Annual mass spawning date 

(After full moons in Oct-Nov) 

•	 Larval lifespan (10, 20, 30, 50, 

and 100 day Pelagic Larval 

Durations) 

•	 Settlement competency period 

(>60% of PLD) 

•	 Daily mortality (3, 18,  and 

46%) 

•	 Reef sensing and swimming 

capability (9, 18, and 36 km 

settlement zones) 



 

 

 

  

 

  

 

 

 

  

 

 

Biogeographic Assessment of the Samoan Archipelago
 

Current flow 
10 day 

20 day 

50 day 

75 day 

100 day 

Modeled dispersion of 

>800,000 “passive” larvae 

with variable… 

•	 Explored a range of values 

rather than specific species 

•	 Annual mass spawning date 

(After full moons in Oct-Nov) 

•	 Larval lifespan (10, 20, 30, 50, 

and 100 day Pelagic Larval 

Durations) 

•	 Settlement competency period 

(>60% of PLD) 

•	 Daily mortality (3, 18,  and 

46%) 

•	 Reef sensing and swimming 

capability (9, 18, and 36 km 

settlement zones) 



 

 

 

 

Biogeographic Assessment of the Samoan Archipelago
 

General NOAA Operational 

Modeling Environment 

• HYCOM surface currents (10 m) 

• 9 km grid size 

• 6 hour time step 

• 50% XY uncertainty 

• 100 days 

• Annual spawning 2004-2009
 

Example Video: 

Rose  Atoll 

Spawn date:  23 Oct 2005 
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Results: 4 page summaries  by is land/region 



Contrasting Results: 

              N. Savai’i                      Rose Atoll (Muliava) 
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Contrasting Results: 3% daily mortality 

N. Savai’i 

Destinations 

%
 D

is
p
e
rs

in
g

T
o

 

100% 

50% 

0% 

Sources 

0% 

50% 

100% 

w
a
llis

n
iu

a
fo

o
u

p
a
s
c
o

ta
fa

h
i

to
n
g
a

n
iu

e

s
a
v
a
iiS

s
a
v

a
iiN

u
p
o
lu

S

u
p
o
lu

N

tu
tu

ila

p
a
p
a
tu

a

tu
la

g
a

m
u
li

m
a
n
u
a

ro
s
e

s
w

a
in

s

to
k
e
la

u

p
u
k
a
p
u
k
a

s
u
w

a
rro

w

p
a
lm

e
rs

t 

%
 A

rr
iv

in
g

F
ro

m
 

Rose Atoll 

%
 A

rr
iv

in
g

%
 D

is
p
e
rs

in
g

F
ro

m
 

T
o

 

Destinations 

100% 

50% 

0% 

Sources 

100% 

50% 

0% w
a
llis

n
iu

a
fo

o
u

p
a
s
c
o

ta
fa

h
i

to
n
g
a

n
iu

e

s
a
v
a
iiS

s
a
v
a
iiN

u
p
o
lu

S

u
p
o
lu

N

tu
tu

ila

p
a
p
a
tu

a

tu
la

g
a

m
u
li

m
a
n
u
a

ro
s

e

s
w

a
in

s

to
k
e
la

u

p
u
k
a
p
u
k
a

s
u
w

a
rro

w

p
a
lm

e
rs

t 

Biogeographic Assessment of the Samoan Archipelago
 



Biogeographic Assessment of the Samoan Archipelago
 

Chapter 3 Currents/Larval Connectivity: Key Findings 

• 3 generalized current features, 2 current seasons 

• Upolu  and  Savai’i  are major larval sources in the region 

• Islands seed themselves and neighbors to the west 

• SEC/SECC  loops larvae among Samoa/American  Samoa 

• Rose and Swains are very isolated from upstream sources 

• Coordinated resource management is warranted 
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Objective: Identify  biogeographic hotspots, trends, and breakpoints in 

reef fish and coral communities through data synthesis. 

Focal  Variables 

1. Coral Cover 

2. Coral Richness 

3. Coral Community 

4. Fish  Abundance 

5. Fish Richness 

6. Fish  Community 
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Preferred Data Criteria 

• Spatial data on  reef fish and coral 

communities, not particular species 

• Recent (<10  years) 

• Standardized  and quantitative 

• Widely  distributed  sites 

• Un-biased, or random stratified designs 



2D Stress: 0.22
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Approach 

• Raw values incompatible 

among studies due to 

different methods 

• Used categorical scale 

(High, Medium, Low) 

• Sites  categorized relative to 

others  within a given study 

• coral richness and cover 

• fish richness and biomass 

• Used MDS to define fish 

and coral communities 
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Defined Biogeographic Regions (Bioregions) 

• Defined as a segment of coast (or island) with distinct values for one or more  

variables relative  to adjacent areas 

• Plotted  all site values by  variable 

• Identified cluster breaks 

• Noted coastal morphology 

• Built upon prior studies 

• Show  # studies (sites) 

• Summarized by 

• Jurisdiction* 

• Island (group)* 

• Region 

* scaled to coast  length 
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Defined BioRegions 

• Found 30 composite bioregions based  on  results for all six  focal variables 
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Defined Hotspots 

• Defined as bioregions with a > proportion “high” values than the jurisdiction  overall 

• Used re-sampling  to calculate probability  of occurrence 

• Ten  bioregions 

were  hotspots 

for 3-variables 

• Five “coolspots” 

• Savai’i is hot 

• N. Upolu  is cold 

• Swains is hot 

but Rose  is not 

• Eastern  and SW 

Tutuila are hot 
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Chapter 4 Biogeography  of Fish  and Coral: Key Results 

• Defined 30 bioregions in the archipelago  based on 6 coral and fish variables 

• Found  51 hotspots, 12 had low probability of occurring by chance (<10%) 

• Smoother distribution of fish values than for coral variables 

• Many results consistent with Island Biogeography Theory and Chapter 3 

• Higher values on  upstream islands 

• Higher values on  larger islands 

• Results are scaled to Samoan Archipelago  only 

• Only six variables  analyzed, patterns  for others  may differ 

• Archipelago-wide survey  using consistent  methodology and stratified 

random sampling design is needed 
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Objectives 

• Inventory MPAs in
 
American Samoa
 

•	 Characterize habitats, 

fish and coral in MPAs 

•	 Evaluate MPA coverage 

relative to bioregions 

and hotspots from 

Chapter 4 

•	 Quantify proportion of 

American Samoa 

protected 
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Inventory
 

23 total 

• 11 CFMP 

• 3 NPS 

• 3 SMA 

• 6 others 



Biogeographic Assessment of the Samoan Archipelago
 

MPA Site Characterizations: For each MPA…
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Size Comparisons 

•	 Smaller MPAs are often more 

efficient at encompassing reef 

•	 15 MPAs are under 1 km2 

•	 These encompass ~25% of the 

protect reef habitats 

•	 Rose Atoll MNM alone 

encompasses another ~30% of 

protected reefs or more than all 

15 of the smallest MPAs 

combined 

•	 Larger MPAs are more effective 

in protecting fish with larger 

home range sizes and variety 

of habitats 



 

Biogeographic Assessment of the Samoan Archipelago
 

How much of American Samoa is protected in 

the MPA network? 

• ~8% of potential reef ecosystem is protected 

• ~3% is no-take 

20% No-Take Goal 
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Which bioregions and ecological hotspots 

(Chapter 4) are represented in the MPA network? 

•	 6 out of the 20 

bioregions lacked any 

MPA, many had at 

least 2 

•	 25 out of the 36 

hotspots are partly 

protected by MPAs 

•	 3 “high value” 
bioregions don’t 
presently have an MPA 

•	 Other key features not 

included (Vailulu’u, big 

coral, mesophotic 

reefs) 
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Chapter 5 MPA Inventory: Key Findings 

• High density of MPAs and management authorities 

• Big MPAs needed to meet 20% No-Take goal 

• Important bioregions/features lacking protection 

• New NMS, NPS, and CFMP sites are under consideration
 

• Coordination of the developing MPA network is critical 

• Benthic maps and MPA boundary data needed for Samoa  
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Next Steps 

•	 Monitor effects of climate 

change 

•	 Evaluate connectivity in 

different seasons and 

with fine-scale 

hydrodynamic models 

•	 Encourage archipelago-

wide monitoring of reef 

fish and corals 

•	 Fill in key MPA gaps 

•	 Samoa, Samoa, Samoa
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Fa’afetai… 

•	 Co-funding by ONMS and 

CRCP 

•	 Local facilitators and 

collaborators 

•	 Generosity of data providers 

• Tremendous in-kind 

contributions from co-authors 

•	 Many reviewers who 

improved multiple drafts 

•	 Jamie Higgins who made it 

all look pretty 

CRCP International 

Program 
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CRCP International 

ProgramFor more information… 

matt.kendall@noaa.gov 

301-713-3028 *144 

http://ccma.nos.noaa.gov/about/biogeography/ 

mailto:matt.Kendall@noaa.gov
http://ccma.nos.noaa.gov/about/biogeography



