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Chapter 1

Biogeographic Assessment of the Samoan Archipelago

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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Chapter 1

Defines biogeography
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* Multiscale approach
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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:

o Satellite data in local context

Regional, EEZ, local phenomena

Average seasonal fluctuations

Multiyear trends

SOl relationships

Anomalous observations
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07 (equator)

Sea surface temperature

1-3 °C seasonal range

~ cooler during EIl Nino (- SOI)

Steady rise ~0.5 °C over 20 years

Samoan stability

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

Southern Oscillation

SO Index (SO1)
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Sea surface height
e Seasonal shifts in SEC/SECC

* Rising 2-4 mm per year el -

 Low tide/Low SSHA events

SO Index (SO

Mecan Sca Level (mm)
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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
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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

NERS

Current setting

« Basin gyre
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Tools to Map Currents and Interisland Connectivity
» Satellite-tracked drifters (n = 216); Global Drifter Program

Drifters at large Jan 2007
Drifter Bearing
North
West -+ East

Soc I-::-
Drogue
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TOOIS Contl n ued . u Naval Research Laboratory

Stennis Space Center, MS 39529-5004

NRL/MR/7320--09-9166

Hybrid Coordinate

Software Design Description for the
Ocean M Odel (HYCO M) HYbrid Coordinate Ocean Model ( HYCOM)

* 4 dimensional hydrodynamic Version 2.2
model (X, y, z, 1)
« 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

Approved for public release; distribution is unlimited.
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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

,'.' o, .
Cdok Islands ™\

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

=
Tokelau

Swains island

Pasco ana
Toaflemu
", Seamounts

€aval’ North
alu North
_‘@ Mull Guyot
Savas B Tutuila Marw'a Islands
South - .

Upoiu South
Niuafe'ou Tulaga 8
and ) 3
Seamounts | Papatua Guyot

1ourt
SAMOUNt Rose Atoll

. Land

No. Larvae Spawned
0 -2000
2001 - 4000
4001 - 6000

B 5001 -8000
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! 1

1645

* Mesophotic Coral Ecosystems 2010, Bare et al. 2010
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Modeled dispersion of Current flow
>800,000 “passive” larvae '@ ETE e
with variable... Y@ I
- Explored a range of values Y@ HEEE I 2.
rather than specific species g | EEG—_——_—_—T =
* Annual mass spawning date )@ GG N .
(After full moons in Oct-Nov) Distance Travelled

 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)
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Modeled dispersion of Current flow
>800,000 “passive” larvae @ BT st
with variable... '@ IECE
« Explored a range of values Y@ HEEEEE =
rather than specific species Y@ I -
« Annual mass spawning date Y@ I

(After full moons in Oct-Nov)

 Larval lifespan (10, 20, 30, 50,
and 100 day Pelagic Larval

Durations)
» Settlement competency period @ =
(>60% of PLD) 2 P .
%
- Daily mortality (3, 18, and @ g .’_E‘g ;
+ Reef sensing and swimming @ =

capability (9, 18, and 36 km
settlement zones)
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General NOAA Operational
Modeling Environment N

}’6
« HYCOM surface currents (10 m) Gnome

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 island/region
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Contrasting Results:
N. Saval’i Rose Atoll (Muliava)

3 % Mortality day™
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Contrasting Results:
N. Saval’i Rose Atoll (Muliava)
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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

Coral Variables Fish Variables

Study

Coral Coral

Richness

Community

Fish
Biomass

Fish
Richness

Fish
Community

American Samoa Enviromental Protection
Agency?

Y

Y

Y

Y

Y

Coral Reef Status Report®®

Global Coral Reef Monitoring Network®

Key Reef Species®

Marine Protected Area Bioreconaissance’

Rapid Ecological Assessment?h

Samoan Fish Reserves!

Territorial Coral Reef Monitoring Programj
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Appendix A 11 -GCRMN

Approach
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« 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
« ldentified cluster breaks
’ B
 Noted coastal morphology [ .

« Built upon prior studies P MR

» 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

Cape Tugeatapy




Biogeographic Assessment of the Samoan Archipelago

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 Fsh Biomass [
for 3-variables

Tutulia

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 MPASs in
American Samoa

e Characterize habitats,

fish and coral in MPAs et S S
; "7 ppouioiTID IN THE FISHERY RESERVE
» Evaluate MPA coverage & i .ot
relative to bioregions | EMTEGL .330
and hotspots from St - R
19 UA MATUA FAASA INA LE FAGOTA
Chapter 4 WL SOl ! ToroWOorAAD 0
/L A FAGAMALO
« Quantify proportion of ¥ ¥ SSSSEE Al

American Samoa
protected
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Inventory

Existing MPAs
Community-Based Fisheries Management Program (CFMP) Reserves

D Fagamalo No-Take MPA

D AS DOC Speclal Management Areas (SMAs)
E] National Park of American Samoa (NPSA) Units
D Fagatele Bay National Marine Sanctuary (NMS)

Alega Private Marine Reserve

23 total Rose Atoll Marine National Monument (MNM)
|| Rose Atoll National Wildiife Refuge (NWR) e ocny
D Ofu Vaoto Marine Park
11 CFMP
3 NPS
3 SMA

Tutwila and Aunu'u

6 others

malo No-Take MPA

Lt I
Matu'u & NPSA Ofu Ut

Faganeanes Ofu Vacto
N Marine Park )

s Paia SMA
Leane FJ OTA - -
NPSA Ta'u Unit

pY.

Fagatela Bay NMS
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MPA Site Characterizations: For each MPA...

5 - Marine Protected Areas
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Size Comparisons

Smaller MPAs are often more
efficient at encompassing reef

15 MPAs are under 1 km?2

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

Nu'uuli Pala SMA
(2.0 km?)

Rose Atoll MNM*
(9.1 km?) X
NPS — Ofu unit
(1.5 km?)

)
Pago Pago Harbor SMA
(1.2 km?)
NPS — Tutuila unit \
(6.5 km?)

Fagatele Bay NMS
(0.7 km?)

NPS — Ta'u unit
(4.3 km?)

Vatia CFMP Reserve
(0.6 km?2)

Ofu Vaoto Marine Park
{0.5 km?)

Fagamalo No-Take MPA Fagamalo CFMP Reserve

(2.9 km2) (0.4 km2)

Legend
Benthic Structure Types

. Aggregate Reef ::\§ Pavement

@ Aggregated Patch Reefs @ p%‘;’;’fg&g}?
koeced F Wi
Individual Patch Reef p"‘:.v::;eg;:;:eis
=

| Spur and Groove Reef Rubble

Algal Plain

—

Amaua & Auto
CFMP Reserve
(0.4 km?)

Masausi CFMP Reserve
(0.2 km?)

VA Alega Private Marine Reserve
% S (0.1 km?)
Poloa CFMP Reserve

: b &
(0.4 km?) Sailele CFMP Reserve

g (0.08 km?)
Aoa CFMP Reserve
(0.3 km?)

|35

Amanave CFMP Reserve
(0.3 km?)

)
Leone Pala SMA
(0.02 km2)

Alofau CFMP Reserve
(0.3 km?)

Matu'u & Faganeanea
CFMP Reserve
(0.3 km?)

Aua CFMP Reserve
(0.2 km?)

* Rose Atoll MNM includes Rose Atoll NWR

; Sand with
Rock!/! Id:
[E ck/Baisder Scattered Coral/Rock
Emergent Vegetation |:I Sand

E Artificial
. Unknown .Deep Water
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How much of American Samoa Is protected In
the MPA network?

« ~8% of potential reef ecosystem is protected

« ~3% IS no-take & g (b)

No-Take Other

Restrictions Restrictions

3% go

~8% in existing MPAs

20% No-Take Goal

~32 km?

. Coral Reef

‘ Hardbottom

‘ Unconsolidated Sediments

l Algal Plain

" small parcenta wrgent
deer
structure tyvoe not shown \AZ
- . Deep Water
427 km

Total Potential Reef Ecosystem - ~
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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 MPASs

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

Other key features not
iIncluded (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

e Samoa, Samoa, Samoa
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NATIONAL MARINE
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SANCTUARIES
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contributions from co-authors

« Many reviewers who
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For more information...

matt.kendall@noaa.gov

301-713-3028 *144

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