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Benthic Habitat Map of U.S. Coral Reef Task Force 
Faga‘alu Bay priority study area, Tutuila, American 
Samoa  

By Susan A. Cochran, Ann E. Gibbs, Nicole L. D’Antonio, and Curt D. Storlazzi 

Abstract 
The coral reef in Faga‘alu Bay, Tutuila, American Samoa, has suffered numerous natural 

and anthropogenic stresses. Areas once dominated by live coral are now mostly rubble surfaces 
covered with turf or macroalgae. In an effort to improve the health and resilience of the coral reef 
system, the U.S. Coral Reef Task Force selected Faga‘alu Bay as a priority study area. To 
support these efforts, the U.S. Geological Survey mapped nearly 1 km2 of seafloor to depths of 
about 60 m. Unconsolidated sediment (predominantly sand) constitutes slightly greater than 50 
percent of the seafloor in the mapped area; reef and other hardbottom potentially available for 
coral recruitment constitute nearly 50 percent of the mapped area. Of this potentially available 
hardbottom, only slightly greater than 37 percent is covered with at least 10 percent coral, which 
is fairly evenly distributed between the reef flat, fore reef, and offshore bank/shelf.  

Introduction 
Faga‘alu Bay is located on the west shore of Pago Pago Harbor, in central Tutuila Island, 

American Samoa. This small (about 1 km2) bay is fed by Faga‘alu Stream, which drains one of 
the largest watersheds on Tutuila (fig. 1). The stream leads into an offshore channel, locally 
known as an “ava,” that ranges from 50 m to 150 m wide and divides the reef flat into two 
distinct parts. The northern section of the reef flat ranges from 20 m to 80 m wide before either 
dropping off into the channel or transitioning to a fore reef and an offshore shelf. The southern 
section of the reef flat is much broader, ranging from 200 m to 500 m. Much of the reef flat is 
shallow (<1 m deep) and is exposed at low tide. There is an exposed volcanic rock outcrop about 
125 m offshore near the outer edge of southern section of the reef flat. An offshore bank rises 
about 10 to 15 m above the shelf seaward of the fore reef in the center of the map area, and it 
measures about 200 m in the northeast-southwest direction and 400 m in the northwest-southeast 
direction. 

Over the past four decades, the coral reefs of Tutuila have suffered from a number of 
natural impacts, including widespread mass bleaching (Abraham and others, 2004; Craig and 
others, 2005), outbreaks of the corallivorous (coral-eating) crown-of-thorns starfish (Acanthaster 
planci; U.S. Environmental Protection Agency, 2007; National Park Service, 2013), tropical 
cyclones (for example, Ofa in 1990; Val in 1992), unusually low tides (Fenner and others, 2008), 
and a tsunami in 2009 (Richmond and others, 2011). Any one of these disturbances, or likely a 
combination of multiple stressors, has reduced thickets of Acropora spp. (branching corals) on 
the Faga‘alu reef flat to a field of rubble (Whaylen and Fenner, 2006). Anthropogenic  
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Figure 1. Map of Tutuila Island, American Samoa, showing location of U.S. Coral Reef Task Force 
Watershed Partnership Initiative Faga‘alu Bay priority study area. Red box shows extent of area mapped in 
this report. DigitalGlobe™ WorldView-2 satellite imagery from November 4, 2013.  
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sedimentation and other sources of land-based pollution in the Faga‘alu watershed result in high 
turbidity levels (Whitall and Holst, 2015), especially on the northern section of the reef flat after 
storm pulses (D. Fenner, written commun., 2016). High levels of sedimentation have been linked 
to poor reef health and can reduce the capability of a reef to recover from stresses (Rogers, 
1990). On the Faga‘alu reef flat, areas once covered with live coral are now under threat of the 
overgrowth of turf or macroalgae.  

In 2012, as part of the U.S. Coral Reef Task Force (USCRTF) Watershed Partnership 
Initiative, Faga‘alu Bay was designated as a priority area on which to focus research and 
restoration to help improve the health and viability of the coral reef ecosystem. To support these 
efforts, the U.S. Geological Survey (USGS) mapped nearly 1 km2 of seafloor using a 
combination of WorldView-2 satellite imagery, satellite-derived pseudobathymetry, and 
underwater video and photographs. Using a 100-m2 minimum mapping unit (MMU), this benthic 
habitat map establishes current baseline conditions and will assist with monitoring and 
management efforts. 

Data and Methods 
A standard for characterization of coral-reef environments has been implemented by the 

National Oceanic and Atmospheric Administration (NOAA) for mapping Puerto Rico and the 
Virgin Islands (Kendall and others, 2001), Hawaiʻi (Coyne and others, 2003), several U.S. 
Pacific Trust Territories (Analytical Laboratories of Hawaii, 2004), and the Florida Keys 
(Rohman and Monaco, 2005). This standard classification system for mapping describes benthic 
habitats on the basis of their seafloor geomorphology, geographic zonation, and biological cover. 

In this study, benthic-habitat classification maps were created using the standard 
established by NOAA, but at a finer scale (MMU of 100 m2 compared to NOAA standards of 1 
acre [4,046 m2]) and with additional data sources, including DigitalGlobe™ WorldView-2 
satellite imagery, satellite-derived pseudobathymetry, georeferenced underwater video, and still 
images captured from the underwater video. The maps were generated using ArcMap™ 
Geographic Information System (GIS) software by Environmental Systems Research Institute, 
Inc. (Esri) with a benthic habitat digitizing extension created by NOAA (National Oceanic and 
Atmospheric Administration, 2012), and a statistical analysis of accuracy of the resultant maps 
was completed. The complete methodology is shown in the flowchart in figure 2. 

Background Data 

WorldView-2 Satellite Imagery 
Imagery from the DigitalGlobe™ WorldView-2 satellite was used as the base layer for 

mapping and was obtained for research purposes through their EnhancedView Web Hosting 
Service (EV-WHS) at http://evwhs.digitalglobe.com. The 4-band (blue, green, red, and infrared) 
imagery was acquired on November 4, 2013 and has a spatial resolution of 0.60 m (fig. 1). The 
imagery has good water penetration to depths of about 5 to 10 m (15 to 30 ft; which is especially 
ideal for the inner reef), minimal sun glint, and less than 2 percent cloud cover over the water in 
the map area. 

http://evwhs.digitalglobe.com/
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Figure 2. Flowchart showing methodology used to create benthic habitat map in this report. See text for 
complete description. U/W, underwater. 
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Satellite-Derived Pseudobathymetry 
Multibeam sonar data are available for Tutuila from about 15 to 250 m water depth; 

however, there are no multibeam data available within the shallower environment of Faga‘alu 
Bay or offshore bank. To bridge the gap between the shoreline and the multibeam data (about 15 
m water depth), Hogrefe (2008) created a pseudobathymetry map modeled from satellite-derived 
reflectance data (from IKONOS imagery collected in November 2001, December 2001, and 
February 2002), which were acquired from the Pacific Islands Benthic Habitat Mapping Center 
(PIBHMC) in the School of Ocean and Earth Science and Technology (SOEST) at the University 
of Hawaiʻi (available at http://www.soest.hawaii.edu/pibhmc/pibhmc_amsamoa_tutuila 
_bathy.htm; see, also, Hogrefe and others, 2008). The modeled pseudobathymetry was modified 
for this study, shifting values up (shallower) by 3.3 m on the basis of a systematic offset between 
it and bathymetric data collected during the acquisition of underwater video. 

Bathymetric contours were generated at 5-m intervals from the modified pseudo-
bathymetry. The most continuous contour segments were preserved; smaller segments and 
isolated island polygons were excluded from the final output. Contours were smoothed using a 
polynomial approximation with exponential kernel (PAEK) algorithm in ArcMap and a tolerance 
value of 60 m. The final bathymetric data layer overlying the WorldView-2 satellite imagery is 
shown in figure 3. 

Underwater Video and Still Images 
Underwater video footage used in the interpretation of habitats was collected along 29 

transect lines using a towed camera during a USGS survey cruise in March 2014 (fig. 4). 
Information about the survey cruise is available at http://cmgds.marine.usgs.gov/fan_info.php? 
fan=2014-604-FA. More than 2,100 still images were extracted from these videos, including still 
frames extracted every 10 seconds along transect lines and at any obvious changes in seafloor 
habitat. A complete description of the methodology used to collect the underwater video footage, 
the techniques and software used to process the video, and the video clips themselves are 
available from Gibbs and D’Antonio (2016). A complete description of the methodology used to 
extract the still-frame images from the underwater video, benthic habitat and coral genus 
interpretations of the still images, and the images themselves are available from D’Antonio and 
Gibbs (2016). 

Benthic Habitat Mapping Using GIS 
Digital benthic habitat maps were created using Esri ArcGIS™ ver. 10.3 software with a 

habitat-digitizing extension created by NOAA (National Oceanic and Atmospheric 
Administration, 2012). The habitat-digitizing extension allows users to delineate habitat areas 
and to assign attributes to the habitat polygons based on a predetermined classification scheme 
using a point-and-click menu system. 

Benthic habitat polygons were delineated in this study using a heads-up digitizing 
method. An MMU of 100 m2 was used; however, select smaller features were mapped if they 
carried unique habitat significance (for example, an individual coral colony 2 m in diameter in an 
otherwise uncolonized area) or if smaller fragments were created by subdividing a habitat 
polygon that traversed more than one geographic zone. 

http://www.soest.hawaii.edu/pibhmc/pibhmc_amsamoa_tutuila_bathy.htm
http://www.soest.hawaii.edu/pibhmc/pibhmc_amsamoa_tutuila_bathy.htm
http://cmgds.marine.usgs.gov/fan_info.php?fan=2014-604-FA
http://cmgds.marine.usgs.gov/fan_info.php?fan=2014-604-FA
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Figure 3. Map of modified, satellite-derived pseudobathymetry overlaid on DigitalGlobe™ WorldView-2 satellite imagery from November 4, 2013, in 
U.S. Coral Reef Task Force Watershed Partnership Initiative Faga‘alu Bay priority study area, Tutuila, American Samoa.  
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Figure 4. Map showing locations of towed-camera video transects used for interpretation of benthic habitats in U.S. Coral Reef Task Force 
Watershed Partnership Initiative Faga‘alu Bay priority study area, overlaid on DigitalGlobe™ WordView-2 satellite imagery from November 4, 2013, 
Tutuila, American Samoa.
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Classification Scheme 
The classification scheme used here is based on a scheme established by the NOAA 

biogeography benthic habitat-mapping program (Coyne and others, 2003) for the main eight 
Hawaiian Islands, which was subsequently modified in 2004 (Analytical Laboratories of Hawaii, 
2004) for use in mapping several U.S. Pacific islands. Developed with input from coral reef 
scientists, managers, and local experts, the hierarchal scheme allows users to expand or collapse 
the level of thematic detail as necessary. The NOAA definition of benthic habitats and their 
classification scheme is used as a starting point to provide continuity to the coral reef scientific 
community. 

The classification scheme uses five basic attributes to describe each polygon on the 
benthic habitat map: (1) the major structure or underlying substrate, (2) the dominant structure, 
(3) the major biologic cover found on the substrate, (4) the percentage of major biologic cover, 
and (5) the geographic zone indicating the location of the habitat. The structure combination, 
along with the overlying biologic cover, is referred to as a “habitat.” At the mapping scale used 
(100-m2 MMU), if a polygon includes two or more substrate or coverage types, the polygon is 
classified as the dominant type. 

Four major structure (substrate) types are subdivided further into 14 dominant structures 
(table 1). Ten major biologic cover types also are modified by the percentage of coverage (tables 
2, 3). The classification scheme allows for any biologic cover to be found on any structure 
(substrate), although many combinations are unlikely (for example, coral on sand, or emergent 
vegetation on spur-and-groove). Less than 10 percent cover of any type is equivalent to 90–100 
percent uncolonized; therefore, 0–10 percent cover is not used. Each polygon is coded with a 4-
digit UNIQUEID attribute that represents the combination of the individual habitat components 
(major structure, dominant structure, major biologic cover, and percent cover). 

Table 1. Major structure (substrate) types with dominant structure subdivisions. 
[Numbers in bold represent UNIQUEID identifier] 

Major structure Dominant structure 
1 Unconsolidated sediment 0 Unknown 
 1 Mud 
 2 Sand 
2 Reef and hardbottom 0 Unknown 
 1 Aggregate reef 
 2 Spur-and-groove 
 3 Individual patch reef 
 4 Aggregated patch reef 
 5 Scattered coral/rock 
 6 Pavement 
 7 Pavement with sand channels 
 8 Rock/boulder (volcanic and carbonate) 
 9 Reef rubble 
3 Other 0 Unknown 
 1 Land 
 2 Artificial 
9 Unknown 0 Unknown 
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The fifth attribute, zone, refers only to the location of a habitat community in the coral 
reef ecosystem and does not indicate the substrate or biologic cover type (fig. 5). Twelve zones 
correspond to typical reef geomorphology found in coral reef literature (table 4). Detailed 
descriptions of habitats and zones, including example photographs, are available in the 
Appendix. 

Table 2. Major biologic cover attributes. 
[Numbers in bold represent UNIQUEID identifier]

Major biologic cover 
0 Unknown or none 
1 Uncolonized 
2 Macroalgae 
3 Seagrass 
4 Coralline algae 
5 Coral 
6 Turf algae 
7 Emergent vegetation 
8 Octocoral 

Table 3. Percent cover attributes. 
[Numbers in bold represent UNIQUEID identifier.] 

Percent cover 
0 Unknown or none 
2 10–<50% 
3 50–<90% 
4 90–100% 

 

Figure 5. Schematic diagram showing generalized cross-shelf coral-reef zonation. Zones not shown: 
land, lagoon, channel, dredged, or wall (modified from Kendall and others, 2004). 
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Table 4. Geomorphic zones of coral reef ecosystems. 
Zone 

Land 
Shoreline/intertidal 
Wall 
Lagoon 
Back reef (with lagoon) 
Reef flat (without lagoon) 
Reef crest 
Fore reef 
Bank/shelf 
Bank/shelf escarpment 
Channel 
Dredged 

Accuracy Assessment 
The validity and usefulness of any classification or interpretation may be determined with 

an accuracy assessment, which compares the interpretation with what is actually found in the 
field. In this project, the overall accuracy of the benthic habitat map and its accuracy from the 
points of view of the producer and user are determined. 

Overall accuracy indicates which points on the map are classified correctly according to a 
field check (Lillesand and Keifer, 1994). Producer accuracy indicates how well the map producer 
interpreted the data and classified the different cover types (that is, the number of points on the 
map labeled correctly). User accuracy indicates the probability that a point interpreted to be in a 
given class is actually represented by that class in the field (that is, which areas in the field match 
what is mapped). 

Because no post-mapping ground-truth surveying was performed, 75 still images were 
randomly selected from the more than 2,100 still-image frames grabbed from the underwater 
video collected in March 2014 (D’Antonio and Gibbs, 2016) and held aside for the accuracy 
assessment prior to creating the map. These images were classified independently by a person 
who did not participate in the mapping efforts, which removed any bias and allowed the 
randomly selected images to be used to assess the accuracy of the map. 

Once the accuracy assessment calculations were completed, any misidentified polygons 
were corrected, thereby increasing the accuracy of the final map. 

Results 
Benthic Habitats 

Nearly 300 polygons were digitally delineated, covering nearly 1 km2 in the USCRTF 
Watershed Partnership Initiative Faga‘alu Bay priority study area (fig. 6). Unconsolidated 
sediment (for example, mud and sand) makes up 0.49 km2 (slightly greater than 50 percent) of 
the substrate in the mapped area; the reef and hardbottom class (for example, aggregate reef, 
patch reefs, pavement, reef rubble, rock/boulder, and scattered coral/rock) makes up 0.48 km2 
(nearly 50 percent); and other substrates (for example, artificial) make up less than 0.01 km2 
(<0.01 percent) (fig. 7A). The areal extent and percentage of total area mapped for each of the
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Figure 6. Benthic habitat map of U.S. Coral Reef Task Force Watershed Partnership Initiative Faga‘alu Bay priority study area overlaid on 
DigitalGlobe™ WordView-2 satellite imagery from November 4, 2013, Tutuila, American Samoa. 
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Figure 6.—Continued. 
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Figure 7. Charts of relative abundance of major (A) and dominant (B) structure/substrates, major biologic 
coverage on available reef and hardbottom (C), and percentage coral cover on available reef and 
hardbottom (D) in study area. Of the unconsolidated sediment in study area (just greater than 50 percent of 
study area) nearly all is sand (A, B). Remaining nearly 50 percent of study area is reef and hardbottom 
available for coral habitat (C). Of this available hardbottom, 37 percent is covered with minimum of 10 
percent coral (C, D). Most of study area is colonized with less than 50 percent live coral.
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dominant structure attributes shown on the map in figure 8 are indicated in table 5 and figure 7B. 
Of the 0.48 km2 of hardbottom potentially available for coral habitat, nearly 0.18 km2 (37.01 
percent) is covered with a minimum of 10 percent coral (table 6; figs. 7C, D, 9). Most coral is 
present in water depths between 5 and 10 m (fig. 10). In water depths greater than 35–40 m, no 
polygons were mapped as coral. Areas of coral are almost evenly distributed between the reef 
flat (31.91 percent), fore reef (28.47 percent), and bank/shelf zones (37.50 percent), with lesser 
amounts found on the reef crest and walls because of the smaller areal extent of those zones 
relative to the others. Scattered anthropogenic debris resulting from damage to Matafao 
Elementary School during the 2009 tsunami is found on the reef flat and extending down the fore 
reef slope just offshore of the school, however its patchy extent is too small (<100 m2 MMU) to 
delineate on the map. 

Table 5. Breakdown of area mapped for each dominant structure (substrate) attribute and percentage of 
total area mapped. 

Dominant structure Mapped area 
(km2) 

Percentage of total 
area mapped 

Mud 0.01 1.52 
Sand 0.47 48.86 
Aggregate reef 0.15 15.64 
Aggregated patch reef 0.05 5.54 
Individual patch reef <0.01 0.07 
Scattered coral/rock 0.01 1.48 
Pavement 0.02 1.75 
Rock/boulder <0.01 0.53 
Reef rubble 0.24 24.59 
Artificial <0.01 <0.01 

 
Figure 11 shows the geomorphic zones that were delineated in the mapping area. 

Anecdotal evidence tells of dredging of reefs around Tutuila and on the reef flat of Faga‘alu Bay 
for construction materials, but we found it difficult to differentiate dredged areas from eroded 
reef flat. Except for one area of the reef flat on the south side of the channel that was dredged to 
provide fill for a nearby onshore community park (U.S. Army Corps of Engineers Pacific Ocean 
Division, 1980; Richmond, 1995), all was classified as reef flat. 

Table 6. Breakdown of area and percentage of area mapped of each major biologic cover attribute found 
on available reef and hardbottom substrate. 
Major biologic cover Area on reef and 

hardbottom (km2) 
Percentage of reef and 

hardbottom 
Coral 0.18 37.01 
Macroalgae 0.02 3.18 
Turf algae 0.08 16.82 
Coralline algae 0.16 33.28 
Uncolonized 0.05 9.71 
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Figure 8. Map showing dominant structures (substrates) in U.S. Coral Reef Task Force Watershed Partnership Initiative Faga‘alu Bay priority 
study area overlaid on DigitalGlobe™ WordView-2 satellite imagery from November 4, 2013, Tutuila, American Samoa. 
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Figure 9. Map showing distribution of cover greater than 10 percent in U.S. Coral Reef Task Force Watershed Partnership Initiative Faga‘alu Bay 
priority study area overlaid on DigitalGlobe™ WordView-2 satellite imagery from November 4, 2013, Tutuila, American Samoa. 



 

 17 

 
 

Figure 10. Bar graph showing percentage of coral on available hardbottom by depth. Coral is mostly found in water depths between 5 and 10 m. 
Non-coral is uncolonized hardbottom, as well as those areas of hardbottom covered with coralline algae, turf algae, and (or) macroalgae.  
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Figure 11. Map showing geomorphic zones in U.S. Coral Reef Task Force Watershed Partnership Initiative Faga‘alu Bay priority study area 
overlaid on DigitalGlobe™ WordView-2 satellite imagery from November 4, 2013, Tutuila, American Samoa. 
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Accuracy of Map 
Accuracy assessments were completed for the dominant structure (table 7), major 

biologic cover (table 8), and percentage of major biologic cover (table 9) attributes using 75 
randomly selected still-image frames from underwater video collected in March 2014. The 
assessments show overall accuracies of 89 percent (with a 95 percent confidence interval of 
±7.17 percent), 68 percent (with a 95 percent confidence interval of ±10.6 percent), and 49 
percent (with a 95 percent confidence interval of ±11.3 percent) for dominant structure, major 
biologic cover, and percentage of major biologic cover, respectively, and indicate which points 
on the map were classified correctly according to the field check. Producer’s accuracy is an 
indication of how well pixels were correctly identified for each attribute (for example, for the 
dominant structure attribute, aggregated patch reef was identified correctly in 100 percent of 
instances, and reef rubble in 93 percent of instances). User’s accuracy is the probability that, for 
a classified pixel on the map, the map user will actually find that attribute in the field (for 
example, for the major biologic cover attributes, coralline algae was found in the field in 71 
percent of corresponding pixels, and turf algae in 64 percent). Tau coefficients (Te) for the 
accuracy assessments of the dominant structure, major biologic cover, and percentage of major 
biologic cover were calculated as described by Ma and Redmond (1995), and they indicate that 
86 percent, 60 percent, and 43 percent more points were classified correctly in each respective 
attribute than would be expected solely by chance. 

We found that many discrepancies between the classified polygons on the map and the 
classified still-image frames were a direct result of the difference in scale between the MMU and 
the still images used for the accuracy assessment. Whereas the map is classified based on what is 
found in a polygon 100 m2 or larger, the still images cover a much smaller area (typically 1 m or 
smaller, especially on the shallow reef flat). Figure 12 illustrates the problem of this difference in 
scale. 

The difference in layback position of the towed camera versus the global positioning 
system (GPS) receiver on the boat led to a couple of the randomly chosen still images from the 
underwater video being located near the edge of a transition zone between two polygons. In 
those instances, the mapped polygons were classified based on the WorldView-2 base-layer 
image mosaic rather than the still images. 

Lastly, the polygon in which a still image was located might be classified based on the 
surroundings using an assumption of continuity in an area, but the still image might be classified 
as “unknown” because of the scale of focus. 

After accuracy assessment calculations were completed, any misinterpreted polygons (not 
including those that were interpreted differently because of the difference listed above) were 
corrected using the field check data, thereby increasing the overall accuracy of the final map. 
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Table 7. Accuracy assessment matrix for dominant structure attributes. 
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Table 8. Accuracy assessment matrix for major biologic cover attributes. 
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Coral 21 6  1  1 29 72 

Coralline algae 4 18  1  2 25 72 

Macroalgae 1      2 0 

Turf algae 1  1 7 1 1 11 64 

Uncolonized    3 5  8 63 

Unknown         

Total 27 25 1 12 6 4   

Producer’s accuracy 
(percent) 78 72 0 58 83 0  Diagonal sum = 51 

Overall accuracy = 68%; Te = 62 
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Table 9. Accuracy assessment matrix for percentage of major biologic cover attributes. 
Found to be in field 

10
–<

50
%

 C
or

al 

50
–<

90
%

 C
or

al 

10
–<

50
%

 C
or

all
in

e a
lg

ae
 

50
–<

90
%

 C
or

all
in

e a
lg

ae
 

10
–<

50
%

 M
ac

ro
alg

ae
 

rf 
Al

ga
e 

rf 
Al

ga
e pe
rc

en
t) 

10–<50% Coral 

 

13 

 

4 3
 

 3 

 

 

 

1 

 10
–<

50
%

 T
u

 

 50
–<

90
%

 T
u

 

 U
nc

ol
on

ize
d 

1 

 U
nk

no
wn

 

25 

 T
ot

al 

52 

 U
se

r’s
 ac

cu
ra

cy
 (

50–<90% Coral  4        4 100 
10–<50% 
Coralline algae 4  6 7  1   2 20 30 

As
 m
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d 

50–<90% 
Coralline algae   2 3      5 60 

10–<50% 
Macroalgae  1 1       2 0 

10–<50%  
Turf algae 1    1 6 1 1 1 11 55 

50–<90%  
Turf Algae            

Uncolonized     2 1 5   8 63 

Unknown            

Total 18 9 12 13 1 10 2 6 4   

Producer’s 
accuracy (percent) 72 44 50 23 0 60 0 83 0  Diagonal sum = 37 

 Overall accuracy = 49%; Te = 42 

Digital Data Availability 
The GIS shapefile for the benthic habitat map is available for digital download from the 

USGS at http://dx.doi.org/10.3133/ofr2016177. 
Field activity information for the collection of the underwater video footage used in this 

report is available from the USGS at http://cmgds.marine.usgs.gov/fan_info.php?fan=2014-604-
FA. 

Underwater video footage is available from the USGS at http://dx.doi.org/10.5066/ 
F70V89V6, and the associated still-images are available at http://dx.doi.org/10.5066/F7N877V1. 

http://dx.doi.org/10.3133/ofr2016177
http://cmgds.marine.usgs.gov/fan_info.php?fan=2014-604-FA
http://cmgds.marine.usgs.gov/fan_info.php?fan=2014-604-FA
http://dx.doi.org/10.5066/F70V89V6
http://dx.doi.org/10.5066/F70V89V6
http://dx.doi.org/10.5066/F7N877V1
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Figure 12. Diagram illustrating problem of scale between minimum mapping unit (MMU) and still images 
used for accuracy assessment. In example shown, discrepancy occurs when polygon is classified as 
“Uncolonized” (because of less than 10 percent biologic cover in MMU), but still image used for the 
accuracy assessment is classified as 10–<50 percent Coral. 
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Discussion 
The reef flat on the north side of the channel in Faga’alu Bay is relict aggregate reef with 

topographical relief of about 1.5 m or less. The aggregate reef has started to degrade, and is very 
porous, with patchy erosional holes in the substrate. 

The northernmost part of the reef flat on the south side of the channel is degraded. Owing 
to the presence of reef rubble, we infer that this area was previously a combination of aggregate 
reef (similar to the reef flat on the north side of the channel) and patch reefs that has been 
degraded. What might be pavement between and surrounding these reefs is also covered with 
rubble. The southernmost part of the reef flat on the south side of the channel is mostly covered 
with turf and macroalgae. Low coral cover (about 10 percent) is intermixed with coralline algae 
on reef rubble, and formerly live coral being taken over by turf algae and cyanobacteria (which is 
mapped as macroalgae). Even the aggregate patch reefs in the middle of the reef flat on the south 
side of the channel show signs of degradation, and are becoming colonized by turf algae and 
cyanobacteria. The presence of cyanobacteria indicates possible nutrient enrichment in this south 
part of the map area. 

The biological cover on the reef flat, both on the north side and south side of the channel, 
is patchy and intermingled between coral, coralline algae, macroalgae, and turf algae. Efforts 
were made to delineate polygons that are representative of the conditions at the time of the 
satellite imagery and underwater imagery, but because the nature of these cover types (especially 
macroalgae and turf algae) is ephemeral and the abundance of each may change periodically or 
even seasonally, the boundaries of these polygons may become less accurate with time. Crustose 
coralline algae (CCA) can be beneficial as it encrusts and binds reef rubble, thus providing a 
stable substrate for coral recruitment after a major disturbance. CCA has also been shown to 
induce metamorphosis and settlement of coral larvae as well as increase survivorship of recruits 
(Morse and others, 1988; Morse and Morse, 1991; Heyward and Negri, 1999; Raimondi and 
Morse, 2000; Harrington and others, 2004). Many of the small corals (<100 cm in diameter) 
found on reef rubble on the reef flat have likely attached or settled since the 2009 tsunami, and 
their subsequent growth may be indicative of the coral reef ecosystem’s slow recovery. 

The large offshore bank seaward of the fore reef in the middle of the map area is an 
aggregate reef that is vertically cut with many narrow (<1 m) sand channels. Channels run both 
shore normal and parallel, so they probably do not indicate a relict spur-and-groove structure, but 
rather the fracture patterns of the underlying volcanic substrate. The sides of this offshore bank 
drop off sharply, transitioning from aggregate reef covered with coralline algae and scattered 
corals, to reef rubble covered with coralline algae and scattered corals, to sand. 

Areas of unconsolidated sediment (mud and sand), such as the offshore shelf, channel, 
and pockets on the inner reef flat, are dotted with burrows, mostly from fiddler crabs (Uca sp.; 
U.S. Army Corps of Engineers, 1980). 

The benthic habitat map was created using DigitalGlobe™ WorldView-2 satellite imagery 
from 2013, satellite-derived pseudobathymetry (from IKONOS imagery collected in 2001 and 
2002), and underwater video footage collected in 2014, and reflects the benthic habitats found at 
those times. Repeat mapping in the future would be beneficial for change detection and to help 
determine if management priorities are being met. 
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Appendix—Detailed Classification Scheme 
The classification scheme described here is used by the U.S. Geological Survey for 

benthic habitat mapping of the U.S. Coral Reef Task Force Watershed Partnership Initiative 
Faga‘alu Bay priority study area, Tutuila, American Samoa. Each of the habitats and zones is 
described in detail with some example photos. Many of the descriptions are from the National 
Oceanic and Atmospheric Administration classification scheme for the main eight Hawaiian 
Islands (Coyne and others, 2003), and its subsequent revision (Analytical Laboratories of 
Hawaii, 2004). 

Habitats 

Major Structure—Unconsolidated Sediment 
• Mud—Fine sediment commonly associated with stream discharge and buildup of organic 

material in areas sheltered from high-energy waves and currents (for example, harbors 
and fishponds). 

• Sand—Coarse sediment typically found in areas exposed to currents or high wave energy 
(reef-derived) or on beaches (land-derived or reef-derived). 

 

 
 

Figure A-1. Photograph showing an example of sand with 10–<50 percent macroalgae (Faga‘alu Bay). 

Major Structure—Reef and Hardbottom 
• Aggregate reef—Formations with high relief and complexity, which form an extensive 

reef structure without sand channels (as found in spur-and-groove formations). Note that 
aggregate reef refers to the underlying hard structure and implies nothing about the nature 
of the biological cover, nor whether it is living or dead. 
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Figure A-2. Photograph showing an example of aggregate reef with 50–<90 percent coral (Faga‘alu Bay). 

• Spur-and-groove—Elongate, alternating sand and coral formations that are oriented 
perpendicular to the shore or bank/shelf escarpment. The coral formations (spurs) of this 
feature typically have a high vertical relief relative to the pavement with sand channels 
class, and are separated from each other by 1–5 m of sand or bare pavement (grooves). 
There are no spur-and-groove formations found in this map area. 

• Individual patch reef—Coral formations, larger than or equal to the minimum mapping 
unit (MMU) (100 m2 in this study), that are isolated from other coral reef formations by 
sand, seagrass, or other habitats and have no organized structural axis relative to the 
contours of the shore or shelf edge. 

• Aggregated patch reef—Clustered coral formations, smaller than the MMU (100 m2 in 
this study) or too close together to be mapped separately, that are isolated from other 
coral reef formations by sand, seagrass, or other habitats and that have no organized 
structural axis relative to the contours of the shore or shelf edge. 

Figure A-3. Photograph showing an example of aggregated patch reef covered with 50–<90 percent coral 
(Faga‘alu Bay). These patch reefs are smaller than minimum mapping unit and, therefore, could not be 
called individual patch reefs.  
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• Scattered coral/rock—Pavement or sand with >10 percent small corals or rocks scattered 
on the surface. Generally found in a transition zone between pavement or sand and higher 
relief reef structures. 

 

 
 

Figure A-4. Photograph showing an example of scattered coral/rock with 10–<50 percent coralline algae 
(Faga‘alu Bay). 

• Pavement—Carbonate or volcanic substrate with <10 percent loose rocks or boulders 
scattered on the surface. Volcanic substrate may be smooth or irregular, depending on the 
original lava flow and subsequent erosion patterns. 

 

 
 

Figure A-5. Photograph showing an example of volcanic pavement with 50–<90 percent turf algae 
(Faga‘alu Bay). 

• Pavement with sand channels—Carbonate or volcanic substrate alternating with sand 
channels that are oriented perpendicular to the shore or bank/shelf escarpment. The sand 
channels have low vertical relief relative to spur-and-groove formations. 

• Rocks/boulders—Carbonate or volcanic substrate with >50 percent rocks and (or) 
boulders scattered on the surface. The underlying substrate may be smooth or irregular. 
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Figure A-6. Photograph showing an example of substrate with >50 percent rocks/boulders, with 10–<50 
percent coral cover (Faga‘alu Bay). 

• Reef rubble—Dead, unstable coral rubble, commonly covered with coralline algae or 
filamentous or other macroalgae. 

Figure A-7. Photograph showing an example of reef rubble with 10–<50 percent macroalgae (Faga‘alu 
Bay). 

Major Structure—Other  
• Land—Area shoreward of the mean high water line, or landward edge of emergent 

vegetation, when present. Also may include offshore emergent features such as rock. 
• Artificial—Manmade habitats such as large piers, submerged parts of riprap jetties, and 

shoreline areas created from dredge spoil. 

Zones 
• Land—Area shoreward of the mean high water line, or landward edge of emergent 

vegetation, when present. Also may include offshore emergent features such as rock. 
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• Shoreline/intertidal—Area between the mean high water line (or landward edge of 
emergent vegetation) and lowest spring tide level. Typical habitats include mangrove and 
other emergent vegetation, sand, mud, and uncolonized rock. 

• Wall—Area with near-vertical slope along channels, from shelf to shelf escarpment, or 
between different inner-shelf platforms. This zone typically is narrow and may not be 
visible in remotely sensed imagery, but is included because it is recognized as a 
biologically important feature. Typical habitats include coral, algae, and uncolonized 
rock. 

• Lagoon—Shallow area between the shoreline/intertidal zone and the back reef zone of a 
barrier reef system. If no reef crest is present, there is no lagoon zone. Typical habitats 
include individual patch reefs, sand, seagrass, algae, and pavement. 

• Back reef (with lagoon)—Area between the seaward edge of a lagoon floor and the 
landward edge of a reef crest. This zone is present only when reef crest and lagoon also 
are present. Typical habitats include sand, coral rubble, seagrass, algae, and patch reefs. 

• Reef flat (without lagoon)—Shallow, semi-exposed area between the shoreline/intertidal 
zone and the reef crest of a fringing reef system. This zone is protected from the high-
energy waves commonly experienced on the reef crest and fore reef. The reef flat is not 
present if there is a lagoon. Typical habitats include sand, reef rubble, pavement, algae, 
mud, and patch reefs. 

• Reef crest—Flattened, emergent (especially during low tides) or nearly emergent segment 
of a reef, generally where the waves break. This zone is between the back reef and fore 
reef zones of a barrier reef system, and between the reef flat and fore reef of a fringing 
system. Typical habitats include reef rubble, patch reefs, and pavement. 

• Fore reef—Area from the seaward edge of the reef crest that slopes into deeper water to 
the landward edge of the bank/shelf platform. Fore reef is also defined as features not 
forming an emergent reef crest but still having a seaward-facing slope that is markedly 
greater than the slope of the bank/shelf. Typical habitats include aggregate coral reef and 
spur-and-groove. 

• Bank/shelf—A deep-water platform extending offshore from the seaward edge of the fore 
reef to the beginning of the escarpment where the insular shelf drops off into deep, 
oceanic water. If no reef crest is present, the bank/shelf is the flattened platform between 
the shoreline/intertidal zone and deeper ocean offshore. Typical habitats include sand, 
patch reefs, algae, colonized and uncolonized pavement with and without sand channels, 
and other coral habitats. 

• Bank/shelf escarpment—The edge of the bank/shelf where depth increases sharply into 
deep, oceanic water. This zone typically begins in water depths of about 20–30 m, near 
the depth limit of features visible in aerial images, with habitats including sand, aggregate 
reef, and spur-and-groove. However, around Tutuila this zone begins in water depths of 
about 100 m, and includes the transition from the shelf to deep oceanic waters.  

• Channel—Naturally occurring channels that commonly cut across several other zones. 
Locally known as “ava.” Typical habitats include sand, mud, and uncolonized pavement. 

• Dredged—Area in which natural geomorphology is disrupted by excavation or dredging 
(for example, harbors and manmade channels). Typical habitats include reef rubble, sand, 
and mud. Around Tutuila, patches of coral may be found in the sand-covered dredged 
areas. 
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