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ABSTRACT 

Boracay Island, Philippines, has experienced land use changes due to population growth 

and tourism development. The coral reefs surrounding this island have historically been the 

primary source of food and tourism, but the island can no longer be sustained by its resources 

and purchases seafood from other areas.  This study quantified the relationship between 

deforestation and coral cover by building a GIS consisting of satellite imagery, a digital terrain 

model, and field maps of the coral reefs.  Surveying deforestation was a proxy for sediment and 

nutrient flow to the marine region.  Off shore video transect surveys were conducted for the 

entire southwest region of the island, but only two were analyzed, one corresponding to a region 

of high on shore vegetation loss and one to a region of low vegetation loss or deforestation.  

Benthic analysis, using CPCe, determined percent cover of major bottom types.  It was found 

that there were greater levels of macroalgae cover in the nearshore region when compared to 

offshore in both survey areas.  Otherwise, there were no significant differences between the two 

survey regions due to the well-mixed, oligotrophic nature of the water.  Overall coral cover was 

very low and macroalgae cover was low.  Given that only part of the area around Boracay Island 

was investigated, future research could map more areas, examine coral recruitment at the species 

level, and survey additional environmental variables in order to more fully investigate the causes 

for low coral cover. 
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INTRODUCTION 

Coral reefs are a major source of sustenance for the people of the Philippines.  

Approximately 80% of their diet comes from sources found on coral reefs, including the majority 

of their protein (Rubec, 1988).  Coral reefs provide habitat for fish, so it is important that coral 

reefs exist in the Philippines.  Reefs systems also are home to many other marine species, 

contributing to high productivity levels and a complex reef ecosystem.  In addition to their high 

biodiversity and fisheries economic benefits, coral reefs provide coastal protection due to the 

slowing of wave action, generate tourism revenue, are a source of natural products used for 

biomedicine, and may also carry a high intrinsic value (Birkeland, 1997 and Richmond, 1993).  

The purpose of this study was to investigate the relationship between deforestation, live coral 

and macroalgae cover at Boracay Island, Philippines.  Live coral cover is one of the most widely 

accepted parameters for studying overall coral health and related processes (Green, et al. 2000).  

Land use change, live coral and macroalgae cover were mapped for a portion of Boracay Island, 

Philippines.   

There are approximately 25,000 km
2 

of
 
coral reefs in the Philippines, equal to nearly 10% 

of total dry land area (Gomez et al., 1994).  Boracay Island is considered the gem of the 

Philippines (Trousdale, 1999), so it is essential to understand a possible link between 

urbanization and coral reef and macroalgae cover.  Coral reefs need a hard substrate for larval 

settlement and growth, but macroalgae also grows on limestone reefs when nutrients are 

available (Birkeland, 1997).  While macroalgae is also able to persist in sandy regions, the 

growth of macroalgae on reef surfaces would prevent available substrate for coral settlement and 

growth and may also shade coral from the light necessary for photosynthesis (Birkeland, 1997).  

The hypotheses for this study were that watersheds with greater deforestation would have i) less 
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overall live coral coverage, ii) no change in macroalgae cover between nearshore and offshore, 

and iii) less coral coverage areas away from shore where substrate was more available.   

 

Purpose for a Geographic Information System 

Several Geographic Information Systems (GIS) have been developed to assess coral reefs 

around the world.  A GIS provides the capabilities for investigating geographic relationships 

between land use change and the marine environment.  For example, remote sensing was used in 

Mayaguez Bay, Puerto Rico to identify suspended sediment.  Landsat Thematic Mapper™ data 

and aerial photography (1:30,000 scale) were brought into a GIS to quantify land cover change, 

and identify coastal processes and vegetation stress, specifically in the foothills and floodplain 

regions adjacent to Mayaguez Bay (Miller and Cruise, 1995).  A secondary product of the 

Boracay Island survey was a large-scale GIS similar to those constructed by the National 

Oceanic and Atmospheric Administration’s Biogeography Branch, the ReefBase Organization 

and the Khaled bin Sultan Living Oceans Foundation (Center for Coastal Monitoring and 

Assessment, 2009; Tupper, et al., 2009; Khaled bin Sultan Living Oceans Foundation, 2009).  

McLaughlin, et al. (2003), conducted a global study of river runoff and coral reefs up to 80m 

deep.  The sediment data were obtained from the Global Run-off Data Center (GRDC) at the 

University of New Hampshire, and reef locations were obtained from ReefBase’s ReefGIS.  

Sediment load and deposition were found to be significant reef-inhibiting factors, but the 

possibility of several other influences, such as salinity, nutrients and contaminants, were not 

ruled out (McLaughlin, et al., 2003).  The use of GIS demonstrated potential for extending the 

assessment of coastal effects into offshore waters, and suggested the existence of some longer-

range connection between coastal runoff and reef habitat suitability (McLaughlin, et al., 2003).  
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McLaughlin, et al., (2003) concluded that coral reefs in nearshore environments would be most 

affected by areas where land conversion and deforestation increase runoff and erosion.  Though 

sediment load was not measured in the Philippines survey, land use development is the driving 

force for increased sediment loads and, therefore, can be a determining variable. 

 

Coral Reefs of the Philippines 

Coral reefs of the Philippines are considered under threat for many reasons and are 

deemed some of the most abused of the world (Rubec, 1988).  Some of these threats include 

destructive and illegal fishing techniques, poor tourism management, overfishing, population 

growth in sensitive coastal areas, and land use changes such as deforestation that can lead to 

increased sedimentation, nitrification and disease (Gomez et al., 1994).  Increasingly, such 

anthropogenic impacts have decreased coral reef resilience or their ability to recover, and many 

have undergone a rapid shifting of baselines (Bellwood, et al., 2004).  At Boracay Island, 

cyanide and dynamite blasting have resulted in a degraded reef that may be incapable of 

supporting a fishery, which also suffers from over-harvesting (Trousdale, 1999).  Increased 

coastal living is thought to have contributed to increased reef destruction due to dredging, coastal 

deterioration and sewage pollution (Gomez et al., 1994).  Algal blooms surrounding Boracay 

Island have been attributed to nutrient and sewage run-off, despite the existence of the island’s 

sewage treatment facility, which is located on the northeast side of the island (Goreau, 2007).  

Sewage treatment began operation in 2003 and is currently running at maximum capacity 

according to the Boracay Chamber of Commerce and Industry President Charles Uy (Austria, 

2009). 
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Deforestation, however, is currently regarded as the primary cause of coral degradation in 

the Philippines (Rubec, 1988) and was studied as the baseline anthropogenic effect at Boracay 

Island.  Many Philippine coral reefs are protected by law, but the laws are not always enforced 

for a variety of reasons.  Illegal deforestation and lumbering are widespread in the Philippines.  

This has been a problem since 1973 when President Marcos granted timber concessions to large 

corporations (Rubec, 1988).  The rate of deforestation has been thought to be approximately 

170,000 hectares per year, but satellite data and other surveys revealed that this rate has actually 

increased to around 700,000 hectares per year since 1974 (Rubec, 1988).  As deforestation 

occurs, more land becomes exposed to the elements and the lack of vegetation fails to hold soils 

in place.  As seasonal rains and typhoons pass through the region, these sediments (which may 

also carry nutrients and disease) are increasingly transported via surface- and groundwater to the 

marine environment (Birkeland, 1997).  Since coral reefs border much of the world’s tropical 

coastlines, covering approximately 600,000km
2
, sediments may be quickly deposited onto the 

reefs (Birkeland, 1997).  Thus, measuring deforestation can be used as a proxy for sedimentation 

and nutrient influx to coral reefs.  Sedimentation on coral reefs is a natural process and reefs are 

adept at using the nutrients within sediments.  However, when sedimentation rates increase, coral 

reefs are not able to remove such high loads of particulate matter.  The water becomes turbid and 

light cannot penetrate to allow the symbiotic zooxanthellae, which lives within the coral, to 

photosynthesize and properly utilize the nutrients (Birkeland, 1997).  Thus, the coral cannot 

move sediment from their tissue quickly enough and they begin to smother.  If the coral becomes 

stressed, the zooxanthellae may leave its polyp host which causes bleaching and the coral will 

eventually die if it cannot acquire new zooxanthellae (Birkeland, 1997).  Various coral species 

may be able to handle high short-term sediments loads, but generally low-level, long-term 
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deposition can cause smothering, shading, abrasion or inhibition of larval recruitment to corals 

(Birkeland, 1997).  

In addition to sedimentation, an increase of inorganic nutrients to shoreline waters via 

surface run-off maybe harmful to coral reefs (Birkeland, 1997).  Nutrient inputs transported due 

to land use change may degrade coral reefs by favoring algae growth and through bacterial 

infection (Birkeland, 1997 and Valiela, et al., 1997).  Nutrient input may also influence 

nearshore macroalgae abundance; basic photosynthesis requires macroalgae to uptake nutrients, 

such as nitrates and phosphates, for growth. Basic photosynthesis requires macroalgae to uptake 

nutrients for growth, such as nitrates and phosphates.  While submarine groundwater discharge 

(SBD) was not measured, it is worth noting as a potential source of freshwater and nutrient flow 

to Boracay Island’s ocean system.  SBDs transport water to the sea via permeable bottom 

sediments (Johannes, 1980).  It has been found in marine coastlines that the rate of discharge 

from the source rapidly decreases with distance from shore (Johannes, 1980), which becomes 

especially apparent in tidal, well-flushed systems such as the one surrounding Boracay Island.  In 

Great South Bay, New York, it was noted that between 40% and 98% of the total flow occurred 

within 100m of the shoreline (Johannes, 1980).  Johannes (1980) also found that surface run-off 

amounts are greater than SBD, but that nitrate transport is greater in SBD.   

Although many factors control coral reef health, some, such as land use development, can 

be managed.  Inexpensive methods were deployed in order to relate land use to reef health, at 

large scales.  An understanding of such relationships is needed for the management for Boracay 

Island’s coral and fishery resources. 
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METHODOLOGY 

Given the findings of Miller and Cruise (1995) and McLaughlin et al. (2003), the purpose 

for this study was to investigate the relationship between deforestation and the distribution of 

coral reefs at Boracay Island.  The research methods consistent of the following: 1) gather 

imagery to analyze land cover, 2) conduct field work to map coral reefs and 3) utilize GIS 

methods to analyze the relationship between land cover change and live coral reefs (Figure 1). 

The study began with a data search and then acquisition of Landsat Thematic Mapper 

satellite imagery, initial image processing and then image analysis to identify areas of land cover 

change.  Field work was then conducted to map, characterize and determine the percent live reef 

of a portion of coral reefs corresponding to both high and low land cover change.  Lastly GIS 

analysis was conducted to calculate the proximity of the coral field sites with the nearest 

shoreline. 

 

Study Area 

The study area was Boracay Island, Philippines.  The Philippine Islands are located in 

Southeast Asia and are considered part of the archipelago between the Philippine Sea and the 

South China Sea, east of Vietnam (Figure 2).  The Philippines have over 36,000 km of coastline.  

The islands are of volcanic origin and can be dated between 20,000 and 25 million years of age.  

The rainy season occurs from June through November, nearly in line the monsoonal wind 

changes that are from May through October.  The geographical coordinates of the Philippines 

encompass from 2°50’55.67”N to 22°25’8.84”N latitudes and 112°59’37.93”E to 

128°29’18.86”E longitudes. 

 



 

 
 

7 

 

Figure 1. Methodology Flowchart. 
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Figure 2. Boracay Island is centrally located, just off the north tip of Panay Island (ESRI, 2008). 
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Figure 3. 1991 Landsat Thematic Mapper image of Boracay Island (GLCF, 2006). 

    

     

Long Beach 
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Boracay Island is located approximately 345 km south of the capital city Manila and is 7 

km long by 1 km wide (Figure 3).  The geology of Boracay Island consists of stratified rocks and 

metamorphic rocks.  The stratified rocks are Carboniferous to the Middle Jurassic radiolarite,  

sandstone, shale, limestone and conglomerate regionally metamorphosed to quartzite, slate, 

phyllite, marble and mica schist.  The metamorphic rocks consist of schist, phyllite, gneiss, 

marble and quartzite (Bureau of Mines and Geo-Sciences, 1981).  Due to the porous nature of 

these rocks, groundwater seepage prevails over rivers on the island.  A protected, long white 

sand beach, known as Long Beach, is located on the southwestern coastline, with areas of greater 

topography at each end of the island.  Boracay Island experiences high levels of tourism and is 

one of the most well-known tourist locations in the Philippines.  The tourism boom began in the 

mid-1980s when television promotion became a popular form of media exposure.  Additionally, 

the arrival of recreational SCUBA (Self-Contained Underwater Breathing Apparatus) diving and 

expanded tourist accommodations helped to attract more tourism (Carter, 2004).   

The environmental conditions at Boracay Island include seasonal wind and rain changes, 

and tidal, well-flushed, oligotrophic seawater.  The island is bordered to the northeast by the 

Sibuyan Sea, southeast by the Visayan Sea and westward by the Sulu Sea, with Panay Island to 

the south and Carabao Island to the northeast.  The northern- and southern-most points of the 

islands are bordered by deep tidal channels, and there is a current running to the southeast along 

the eastern island length.  On the western island length, there is a fairly weak surface current 

(observed flowing north to south at approximately 0.52m/sec in 2008), so it is the more common 

area for SCUBA diving and coincides geographically with the crystal clear water that draws 

tourism to Long Beach (Trousdale, 1999).   
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Land Use Classification and Elevation Data 

Land use change was investigated as a proxy for sediment and nutrient analysis, due to 

the well-mixed marine environment.  Landsat Thematic Mapper (TM) and Enhanced Thematic 

Mapper (ETM+) satellite imagery from 1991 and 2001, with ground resolutions of 30m x 30m 

and 15m x 15m, respectively, was obtained for Boracay Island (Global Land Cover Facility, 

2006).  Satellite imagery of this resolution and quality was unavailable for this region prior to 

1991 and more recent imagery was too expensive so these two dates of imagery were analyzed to 

identify land cover change.  Each image was classified using ESRI’s ArcMap v9.2 with 30 

unsupervised classes (Figures 4 and 5), as was done with the Miller and Cruise study (1995).  

The unsupervised classification method was used because there was no published map of the 

island.  The results of the classification were reclassified into five representative land cover 

classes: water, beach, bare ground, urban/developed, and vegetation.  Post-classification ground-

truthing was also performed in 2007 using a Garmin GPS 12 XL. 

A Digital Elevation Model (DEM) (MapMart, 2007) was obtained and then analyzed to 

determine drainage basin boundaries on Boracay Island.  To visualize the terrain, a Triangulated 

Irregular Network (TIN) was created from the DEM and drainage basins were computed (Figure 

6).  The island has higher topography at the northern and southern ends, reaching up to 91m in 

elevation.  The lowest area tends to occur in the central region where the land is most narrow.  

This central, low-lying area is also where the majority of urban area is located and bare ground 

occurs primarily where land is cleared for tourist facilities have subsequently been built.  The 

drainage basins are relatively small and there are no significant rivers on the island, as it is 

composed of very porous limestone geology, which provides a source of groundwater to the 

marine environment.  Submarine groundwater discharge were not measured, but should be  
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Figure 4. 1991 Unsupervised land use classification. 
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Figure 5. 2001 Unsupervised land use classification. 



 

 
 

14 

 
Figure 6. Elevation TINs and drainage basins for Boracay Island. 
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considered a potential source for nutrient influx.  The central, larger basins are compromised of a 

network of smaller drainage basins conforming to the island’s topography.  In order to reduce the 

number of research variables, such as energy dynamics which include wind, currents, waves and 

tides, the reef survey sites were selected adjacent to one another, while remaining is separate 

drainage basins.  The drainage basins account for surface run-off, but do not represent direction 

and flow of SGD as this was not mapped.  The reef surveys were conducted offshore of 

watersheds with high or greater than 20% deforestation and an area with low or less than 20% 

deforestation.  Deforestation areas are areas that were previously vegetation and became exposed 

ground or urban between 1991 and 2001.  Onshore Area of Interest A (AOI A) was 0.69km
2 
and 

onshore Area of Interest B (AOI B) was 0.44 km
2
.  The corresponding offshore marine areas 

were: AOI A with an area of 1.37km
2
 and AOI B with an area of 1.56km

2
, respectively (Figure 

7).  The coastline for AOI A was rocky and has a beach width of only 0.06km, while AOI B has 

a 0.12km wide beach and was not rocky (Figures 8a and 8b).  AOI A was determined to be the 

watershed of higher deforestation than the neighboring AOI B watershed. 

 

Boracay Island Field Methods: May 2006, June 2007 and February 2008 

The field methods for this project took place over three consecutive research visits.  In 

May 2006, Boracay Island was visited for the first time and selected as the research site.  Other 

areas of consideration were Apo Island (9°04'47''N, 123°16'14''E) and Malapasqua Island 

(11°19'56”N, 124° 7'8”E).  Boracay Island was chosen due to its tourist economic importance to 

the Philippines and as an area in need of data to support management practices.   

In June 2007, surveys at local dive shops were conducted to determine the local knowledge of 

the reef.  Of the island’s 30+ shops, only 10 were surveyed due to language barriers, a lack of  
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Figure 7. The offshore AOI A was adjacent to an area of high deforestation, while AOI B had 

little deforestation. 

AOI A 

AOI B 
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Figure 8a. Photo of rocky shore within Area of Interest A. 

Figure 8b. Photo of sandy shoreline within Area of Interest B and seasonal algal blooms.

8b. 

8a. 
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voluntary desire to participate, or an unavailability of dive masters to speak with.  These shops 

were spread along the length of the island and were only found on along Long Beach, as this is 

the side where tourists stay.  All of those interviewed described the island as having deep 

channels with strong currents along the north and south ends with the “best” of the coral.  The 

back, northeast, side of the island also has a current that runs the length of the island and the 

coral is sparse and shoaling.  The coral off Long Beach was described as patchy and broken and 

without a noticeable current.  The dive shops said they stay on this side of the island to save time 

and money, and for tourist safety in avoiding strong currents.  It was unclear why the coral reef 

distribution was patchy and whether it was a result of reef degradation.   

In February 2008, benthic video transects were conducted along the entire length of Long 

Beach (Figure 9).  Note that this was approximately 3 months after the end of the rainy season.  

The surveys were conducted on-board a traditional Filipino banca (Figure 10).  Video transects 

could be conducted fairly quickly without extensive training (Green, et al., 2000), so these 

methods could be easily transferred to local managers.  The use of a manta tow (Green, et al., 

2000) was determined to be too time-consuming and costly for such a large survey area and short 

amount of time available in-country, so a drop camera was employed to conduct the survey.  

Additionally, surveying at the necessary 1-1.5m above the substrate (Green, et al., 2000) would 

have been too expensive for surveying deep areas using SCUBA. 

A Garmin GPSMAP 430S GPS Plotter/Sounder with attachable dual-frequency sonar 

(Figure 11a) was time synched to a Sony DCR-TRV17 Mini Digital Video (MiniDV) Handycam 

(Figure 11b) to ensure spatial accuracy between the video imagery and the GPS location.  The 

sounder measured water temperature, latitude, longitude, depth and time and were recorded onto  
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Figure 9. Drop camera survey points collected in February 2008.
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Figure 10. Filipino survey vessel, known as a banca. 
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Figure 11a. Garmin GPSMAP 430S Plotter/Sounder with attachable dual-frequency sonar 

mounted on PVC tubing for boat attachment. 

Figure 11b. Sony DCR-TRV17 Mini Digital Video (MiniDV) Handycam. 

11a. 

11b. 
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the Garmin GPS unit with each trackpoint.  Manually entered waypoints in the Garmin 

GPSMAP 430S does not record date and time, so automatically recorded trackpoints were used 

680,000 or approximately 500 TV lines or 640 x 480 resolution and a 16:9 aspect ratio. The 

Garmin GPSMAP 430S had an accuracy of 15m without the enhancement of Wide Area 

Augmentation System (WAAS), as the location was not within the USA.  Additionally, the 

underwater sonar instrument, to which the GPS was attached, was not mounted directly above 

the drop-camera as it could read the bottom sound reflection accurately, so they were placed the 

width of the boat apart, approximately 2 meters.  The camera was also kept at the front of the 

boat so that little sediment disturbance would occur during filming.  In order to record 

underwater video, a Micro Video MVC2000-WP-LED Submersible Lipstick Camera was 

connected into the Audio/Video input on the MiniDV.  The drop camera was threaded with an 

eye bolt with 30m of cable.  To protect the cable and drop the camera to the appropriate depth, a 

30m waterproof transect tape was secured to the same eye bolt and mounted on a reel for 

efficient surveying (Figure 12a).  The resolution of the lipstick camera is approximately 300 TV 

lines, which is roughly the same as digital cable television, but is less than the actual quality of 

the MiniDV recorder at 500 TV lines.  In order to protect the camera and ensure a facedown 

(nadir) view, it was wrapped with 1 pound of solder which was then wrapped with waterproof 

silicone tape (Figure 12b).  The date and time was continuously displayed on the video camera to 

allow for time synchronization with the GPS unit.  The complete system (all units) was powered 

by a rechargeable 12 volt battery.  The system was mostly self-contained with the exception of 

attaching the GPS unit and was set up daily on the banca (Figures 13a and 13b).   

During 17 days of fieldwork, the boat was navigated along Boracay Island’s western 

coastline to collect waypoints using the Garmin GPSMAP 430S.  These transects were intended 
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Figure 12a. Drop camera, reel and transect tape. 

Figure 12b. Drop camera wrapped with solder and silicone tape. 

12b. 

12a. 
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Figure 13a. Briefcase containing Garmin GPSMAP 430S GPS Plotter and Sony DCR-TRV17 

Mini Digital Video (MiniDV) Handycam.  

Figure 13b. Principal Investigator monitoring GPS readings and camera imagery.  The entire 

unit was powered by an independent 12 volt DC battery. 

 

 

13a. 

13b. 
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Figure 14. An idealized grid of reef points, which varied due to weather conditions, boat traffic 

and access restricted areas. 
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Figure 15. Lipstick camera was maintained between 0.5-1.5m from the ocean floor. 
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to run offshore (such as in Nadon and Stirling, 2006) every 100m apart and be shifted from the 

parallel transects by 50m (Figure 14) for ideal coverage, but due to the seasonal offshore wind, 

boat traffic, and restrictions to jet ski, boat and swimming areas, the survey could not be 

completed in a perfect grid.  The points that were collected were as close as 50m apart in 

somewhat random grid.  Since this area is a tidal system, depths have been standardized to Mean 

Lower Low Water based on the tide cycles recorded at the nearby Looc tide station, just 

northeast of Boracay Island (EasyTide, 2008).   

Continuous video recording was conducted and the camera remained at a constant depth 

of approximately 1-1.5m from the ocean floor to ensure a 1.5m
2
 image (Green, et al., 2000). A 

fiberglass 30m transect tape was attached to the camera (Figure 15).  As the camera passed over 

the ocean floor, the camera was raised and lowered to 1 meter less than the reading on the GPS.  

For example, if the depth was 12m, then the transect tape was placed to read 11m at the water 

surface.  There is error with this method as it’s nearly impossible to maintain the camera 

exactly1m from the ocean floor because it was constantly being raised and lowered as the 

benthic topography changed, and there is some drag with boat movement.  In water, prior to 

conducting the transects, it was determined that the image was nearly unrecognizable if the 

camera was more than 1.5m off the bottom and this varied slightly with depth due to light 

attenuation.  At the same time, it was determined that any image within 0.5m gave much greater 

detail (such as showing coral polyps) and would have skewed the quadrat size by implying 

objects were larger.  At 0.5m from the bottom images would have been 0.75m
2
, while 1.5m off 

the bottom would have resulted in 2.25m
2
 images.  Being too close the bottom rarely occurred 

due to drag and it usually resulted in camera and coral damage.  Any image where the bottom 

type could not be determined or had much greater detail than what was observed during testing  
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was discarded.  Adjusting the camera depth in response to bathymetric changes and distance 

from the camera to the depth sounder resulted in a 50% maximum error for image survey sizes 

that were within 0.5m and 1.5m of the bottom.  Dragging a 1m plumb line was considered in 

order to ensure exactly 1m camera-to-substrate distance, but rejected due to high benthic impact, 

water column drag, and danger of equipment damage by entanglement. 

 

Laboratory Analysis 

Using a Macintosh Apple G4 computer with Apple’s Final Cut Pro HD software, screen 

captures were created for each waypoint according to the on-screen timestamps (Figure 16).  The 

screen captures were exported using Final Cut Pro’s QuickTime conversion and saved as JPEG 

images with a resolution 72dpi according to the original input resolution.  Each screen capture 

was then opened in Adobe Photoshop CS3 to be de-interlaced and sharpened, if necessary.  

Many images were down-graded in quality due to field complications, such as light loss from 

burned out LEDs, depth, and sediment, as well as limited video camera resolution quality.   

Quadrats were most efficient for analysis, but the disadvantages of this survey method include: i) 

the inability to measure vertical spatial relief or rugosity, ii) large branching corals are difficult to 

sample, and iii) only data on a two-dimensional surface can be surveyed, thus underestimating 

coverage of features which have a predominantly vertical plane such as soft corals that grow tall, 

rather than wide (Green, et al., 2000).  Not being able to account for rugosity could skew the data 

because a tall object may appear to cover more ground simply because it is closer to the camera 

lens.  Additionally, it was unknown if dense macroalgae was covering pavement or sand.  Each 

quadrat was 1m tall x 1.5m wide due to the rectangular shape of the camera lens.  The images  
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Figure 16. Video screen capture with time and date stamp that was matched to time-synched 

GPS waypoint 1248.  
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were not cropped, differing slightly from the traditional 1m
2 
quadrat size (Green, et al., 2000), in 

order to maximize the amount of image data. 

Images were analyzed using the National Coral Reef Institute’s Coral Point Count with 

Excel Extensions (CPCe) program for grid cell analysis (Kohler and Gill, 2006).  One hundred 

survey points were laid over the photos in a grid-like pattern to ensure greatest coverage, thus 

representing 1% of the quadrat area (Figure 17).  A key was created prior to analysis in order to 

quickly identify the benthic substrate or bottom type (Table 1) (Kohler and Gill, 2006).  The 

bottom types recorded during data analysis were: benthic epifauna, live hard coral (based on the 

growth form), cyanobacteria, live soft coral, sponge, zoanthid, macroalgae, pelagic creature, 

seagrass, coralline algae, dead coral with algae (DCA), sand, pavement, rubble, unknown and the 

required CPCe defaults of tape, wand and shadow (Kohler and Gill, 2006).   The percent cover of 

pavement or bare rock coverage was measured because it is substrate that coral could use for 

settlement.  Pavement was noted as being either rock slabs or what appeared to be old, solid, 

dead coral.  Areas lacking in hard substrate would prevent coral settlement, but a high percent of 

unsettled bare substrate would raise questions about coral recruitment rates or other factors that 

would prevent coral to settle or grow.  Dead coral with algae would indicate a recent die-off in 

the coral, but the time since death could vary based on cause of death.  The cause of death was 

not recorded as it was generally unknown with the video method unless there was visible disease, 

fish bites, scarring from boats, anchors and divers, breakage or some other noticeable marking.  

The presence of rubble would indicate high energy or some other destructive force that prevents 

a sturdy substrate for coral larvae settlement.  Sand is not a hard substrate for coral to grow on, 

so it was important to note the amount of sand cover.  Lastly, benthic epifauna, such as the 

urchin, Diadema antillarum, and the blue starfish, Linckia laevigata, were recorded.  The  
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Figure 17. Each survey point was overlaid with 100 points, representing 1% of the benthic 

analysis, which was completed using CPCe. 
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14 
B,"Benthic epifauna" 
C,"Coral" 
CYB, "Cyanobacteria" 
SFTC,"Soft Coral" 
SP,"Sponge" 
Z,"Zoanthids" 
MA,"Macroalgae" 
P, "Pelagic Creature" 
SEA, "Seagrass" 
CA,"Coralline algae" 
DCA,"Dead coral with algae" 
SPR,"Sand, pavement, rubble" 
U,"Unknowns" 
TWS,"Tape, wand, shadow" 
BEN,  "Benthic epifauna","B" 
BRC,  "Branching Coral","C" 
CLM,  "Columnar Coral","C" 
CYB, "Cyanobacteria","CYB" 
ENC,  "Encrusting Coral","C" 
FOL,  "Foliaceous, Whirl Coral","C" 
FL,  "Free-Living Coral","C" 
MSV,  "Massive Coral","C" 
PEL,  "Pelagic creature","P" 
P,  "Pavement","SPR" 
PLT,  "Plate Coral","C" 
R,  "Rubble","SPR" 
MACA,  "Macroalgae","MA" 
S,  "Sand","SPR" 
SEA,  "Seagrass","S" 
SP,  "Sponge","SP" 
SFTC,  "Soft Coral","SFTC" 
Z,  "Zoanthid","Z" 
UNK,  "Unknown","U" 
DCA,  "Dead coral with 
algae","DCA" 
BL,  "Bleached coral point","NA" 
UNK,  "Unknown","U" 
TAPE,  "Tape","TWS" 
WAND,  "Wand","TWS" 
SHAD,  "Shadow","TWS" 
Blank,"Blank","Blank" 
NOTES,NOTES,NOTES 

Table 1. CPCe key used for analysis (Kohler and Gill, 2006). 
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presence or lack of such herbivores may contribute to the percent of coral and macroalgae cover 

since they are macroalgae consumers and may provide top-down clearing of areas for coral 

settlement (Birkeland, 1997, Jompa and McCook, 2002, and Valiela, et al., 1997).  It was noted 

whether the coral-consuming crown-of-thorns sea star (Acanthaster planci) was present, as well.  

It was difficult to survey pelagic herbivores, such as parrotfish, using the boat-based video 

transect method as they would typically swim away, so this data is not available.  It is unknown 

what the stock assessments are of these fish, as well.   

Due to mediocre image quality and the need to only identify live coral cover, only the 

following major coral growth forms were used to identify live coral: laminar or plating, 

encrusting, branching, columnar, free-living, massive or boulder, and foliaceous or forming a 

whirl (Veron, 2000).  Macroalgae describes algae which are large enough to see by the eye, not 

necessarily grouped taxonomically, and are green, brown or red according to their dominant 

photosynthetic pigments (Green, et al. 2000).  The macroalgae surveyed includes a general 

grouping of i) fleshy algae, ii) calcareous algae (which have a calcium carbonate skeleton), iii) 

turf or mat algae, and iv) cementing crustose coralline algae (Green, et al., 2000).  CPCe 

provided a Microsoft Office Excel spreadsheet summary of the data from which the percentage 

of total (hard and soft combined) live coral cover was provided.  This data were entered into the 

GIS and each waypoint was assigned a numerical range based on percent cover and given a rank.  

The rankings were: 1 = Very High, 81-100%; 2 = High, 61-80%; 3 = Medium, 41-60%; 4 = 

Low, 21-40%; 5 = Very Low, 1-20%; and 6 = None, 0% (Gomez, et al., 1994).  This system of 

ranking summarized the presence of living coral but it’s important to remember this did not 

assess overall coral health.  Lastly, the data were mapped using graduated symbols and linear 

bivariate regression analysis was used to determine relationships between benthic and 
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geographic variables (Devore and Peck, 2001).  Regression analysis was used to draw 

conclusions regarding the response of the dependent benthic cover (y) variables to the 

independent or predictor geographic (x) variables. 

 

RESULTS 

Land Use Change 

Thematic change between 1991 and 2001 was computed and tabulated (Figure 18 and 

Table 2a, 2b and 2c).  There was error with this method because of the inability of the sensors to 

accurately detect the cover types, inaccurate user classification, coarse pixel dimensions and tidal 

fluctuations.  Investigating specifically vegetative change on the entire island, 31.26% of the 

original vegetation in 1991 remained as vegetation in 2001.  However, 5.58% and 13.77% of the 

original vegetation became bare ground and urban area, respectively, resulting in a total loss of 

19.35% of the island’s vegetation.  This was a significant change in vegetative land cover over a 

10-year period.  Despite the loss, there was a 9.04% gain in vegetation in other areas (Table 2a).  

AOI A and B gained 9.60% and 6.39% vegetation, respectively, that was previously bare ground 

or urban area.  Overall, deforestation was 23.32% in AOI A and 3.94% in AOI B to bare ground 

or urban area (Tables 2b and 2c).  Due to the nearly 20% difference in deforestation, AOI A was 

categorized as the area of high deforestation and AOI B as the area of low deforestation (Figure 

19).   

 

Benthic Survey 

There were 267 usable points (30 points were discarded) for AOI A and 264 usable 

points (18 points were discarded) for AOI B.  The data were analyzed by comparing percent 
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bottom cover in each survey area to geographic variables of depth and distance from shore.  

Despite the onshore differences between AOI A (higher deforestation) and AOI B (lower 

deforestation) and without taking into account depth and distance from shore, there were no 

overall statistical differences in ranked values and standard deviation of coral, macroalgae or 

pavement cover between the two marine areas (Figure 20).  There were, however, some 

significant statistical differences between macroalgae cover and distance from shore when 

comparing AOI A and AOI B.  It should be noted that the temperature for all sites was recorded 

was between 25°-27°C, which was within the optimal temperature range for coral reefs.  This 

implied that bleaching, which is a reaction due that can be due to acute high temperature stress, 

would not occur due to thermal stress at the time of this survey.  Additionally, there were no 

seagrasses found in the study area.  The survey points all fell well within the photic zone or area 

where sunlight can penetrate to aid in photosynthesis (which exists typically up to 200m deep, 

but can vary with turbidity), as there was a presence of both coral and macroalgae up to the 

greatest depth measured, 24.6 meters.  All benthic data were grouped using the same standard 

percent cover groups as was done with percent coral cover.  The p-values listed below were 

generated based on regression analysis F-values and will only be referred to as p-values.       
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Figure 18. Loss of vegetation to bare or urban ground and gain of vegetation from 1991-2001. 
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Boracay Island: Percent Total Area Change, sq. km.   2a. 
1991-2001 Water Beach Bare Ground Urban Vegetation   

Water 9.6575 0.5705 0.2329 0.1397 0.0133   

Beach 1.5735 3.4656 0.5131 0.3061 0.0532   

Bare Ground 0.4574 1.6401 2.1615 3.8124 2.1408   

Urban 0.4466 1.0088 4.4803 9.2799 6.8972   

Vegetation 0.0732 0.4624 5.5806 13.7735 31.2597   

  Deforestation: New Bare or Urban 40.3642 % Total Area = Veg. 

  
New Urban or 
Bare Ground 

  
9.0380 % Vegetation Gain 

  New Vegetation 
  

19.3541 % Deforestation 
  No Change     28.8386 % New Bare or Urban 

 

AOI A: Percent Area Change, sq. km.     2b. 

1991-2001 Water Beach Bare Ground Urban Vegetation   

Water 7.4622 0.8796 0.1173 0.0000 0.0000   

Beach 0.6304 9.5734 1.1289 0.4691 0.0000   

Bare Ground 0.0000 0.8943 1.6273 3.5332 2.9468   

Urban 0.3690 0.0000 2.7855 7.0371 6.6559   

Vegetation 0.0000 0.0000 6.9051 16.4199 30.9339   

  Deforestation: New Bare or Urban 40.5366 % Total Area = Veg. 

  
New Urban or 
Bare Ground 

  
9.6027 % Vegetation Gain 

  New Vegetation 
  

23.3250 % Deforestation 

  No Change     31.3590 % New Bare or Urban 

 

AOI B: Percent Area Change, sq. km.     2c. 

1991-2001 Water Beach Bare Ground Urban Vegetation   

Water 14.3450 1.7528 0.0000 0.0000 0.0000   

Beach 2.1448 27.7675 1.4299 0.1845 0.0000   

Bare Ground 0.0000 1.6144 5.0507 4.9354 2.4677   

Urban 0.3690 0.0000 2.0065 8.1411 3.9207   

Vegetation 0.0000 0.0000 0.3690 3.5747 19.9262   

  Deforestation: New Bare or Urban 26.3146 % Total Area = Veg. 

  New Urban or Bare 
  

6.3884 % Vegetation Gain 

  New Vegetation 
  

3.9437 % Deforestation 

  No Change     12.5000 % New Bare or Urban 

Table 2a. Land use change matrix for all of Boracay Island between 1991-2001. 

Table 2b. Land use change matrix for the Area of Interest A between 1991-2001. 

Table 2c. Land use change matrix for the Area of Interest B between 1991-2001. 
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Figure 19. A close-up look at the difference in deforestation for AOI A versus AOI B. 

 

AOI A 

AOI B 
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Standard Deviation:   

  AOI A AOI B 

% Coral 15.38 13.91 

% Macroalgae 17.95 22.79 

% Pavement 32.10 31.75 

% Rubble 25.13 19.44 

% DCA 22.46 12.35 

% Benthic Epi. 2.48 1.04 

% Sand 34.60 31.30 

Distance, km 0.36 0.40 

Depth, m 3.54 3.48 

 

Figure 20. There was no overall significant regressional or standard deviation difference 

between AOI A and AOI B.   
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Coral Cover 

While there was no significant relationship between percent coral cover and distance 

from shore in AOI A, there was a somewhat weak positive relationship in AOI B.  This increase 

in cover coral appeared to occur approximately 0.5km from the shoreline in AOI B (Figure 21).  

This increase was not a result of depth change since the majority of points in AOI A with the 

greatest percent coral cover fell within a consistent depth of up to 5m (Figures 22 and 23).  The 

highest percent coral cover peaked in AOI A prior to the depth change, while the distribution 

was random at all depths in AOI B.  The majority of survey points with greater than 0% coral 

cover had less than or equal to 20% cover, which was ranked as very low cover in both AOI A 

and B (Figure 24).  Additionally, in AOI B, there was a slightly greater negative relationship 

between coral and macroalgae cover.  This meant that macroalgae cover had a slightly greater 

decrease as coral cover increased in AOI B than in AOI A, which had no relationship (Figure 

25).  In both AOI A, there was no relationship between coral cover and pavement cover and only 

a very weak relationship in AOI B (Figure 26). 

 

Macroalgae 

Comparing percent macroalgae cover and distance from shore, there was a weak negative 

relationship in AOI A as opposed to the strong negative relationship in AOI B (Figure 27).  This 

showed that macroalgae significantly decreased away from shore, beyond approximately 0.8km, 

in AOI B, while it was persistent at all distances from shore in AOI A.  Additionally, the 

decrease in macroalgae cover in AOI B was not a result of depth change as the majority of points 

with the greatest coral cover fell within a consistent depth of up to 7m (Figures 28 and 29).     
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Figure 21. Regression analysis showed there was a very weak positive relationship between 

percent coral cover and distance from shore in AOI B and that the relationship was, additionally, 

about ten times stronger.  

p-value of the F-value: 0.0827 

 

p-value of the F-value: 1.18*10
-8
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Figure 22. Map of the percent live coral cover by depth and AOI. 
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Figure 23. Regression analysis showed there was no significant relationship between percent 

coral cover and depth, and the majority of the coral was found up to 10m in depth. 

p-value of the F-value: 0.2319 

 

p-value of the F-value: 0.4673 
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Figure 24. The greatest percent cover of coral, macroalgae and pavement were found in the very 

low range in both AOI A and AOI B. 
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Figure 25. Regression analysis showed there was only a slightly greater relationship between 

coral and macroalgae cover in AOI B than in AOI A, but was otherwise statisically insignificant. 

p-value of the F-value: 0.0056 

 

p-value of the F-value: 1.46*10
-7

 

 



 

 
 

46 

 

 
Figure 26. Though the relationship was ten times greater in AOI B, there was no significant 

relationship between percent coral cover and percent pavement cover in either area of interest. 

 

p-value of the F-value: 0.4250 

 

p-value of the F-value: 0.0091 
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Figure 27. Regression analysis showed there was a negative significant relationship between 

percent macroalgae cover and distance from shore in AOI B, much greater than that of AOI A.  

 

p-value of the F-value: 0.0010 

 

p-value of the F-value: 9.79*10
-24
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Figure 28. Map of the percent macroalgae cover by depth and AOI. 
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Figure 29. Regression analysis showed there was no significant relationship between percent 

macro-algae cover and depth, and the majority of the macroalgae was found up to approximately 

8m in depth. 

 

p-value of the F-value: 0.0264 

 

p-value of the F-value: 0.0007 
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Pavement 

In both AOI A and AOI B, there were significant positive relationships between 

pavement cover and distance from shore (Figure 30).  There was a spike in percent cover of 

pavement approximately 0.6km from shore (Figure 31), as the bottom changed from being 

mostly sand or macroalgae cover to pavement at that distance (Figures 32 and 26).  Regression 

analysis showed there was no significant relationship between percent pavement cover and depth 

in either AOI A or AOI B (Figure 33). 

 

Other Bottom Types 

In terms of the direct relationship to the hypotheses, it was not necessary to discuss in 

great detail the percent coverage of rubble, benthic epifauna and dead coral with algae.  The most 

important thing to note about rubble was that the greatest percent cover occurred beyond 0.6km 

of the shoreline, which was also where the greater percent cover of pavement occurred (Figure 

34).  The higher percent rubble coverage in AOI A mostly occurred up to 5m in depth, while 

rubble with higher percent coverage was scattered at all depths in AOI B, but rubble was not 

otherwise significantly different in the two areas.  Greater than 85% of the survey points in both 

AOI A and AOI B were found to have 0% dead coral with algae coverage.  In AOI A, the 

greatest coverage was found approximately 0.6km from shore and up to 5m in depth, but AOI B 

was scattered at all distances from shore and in all depths (Figure 35).  Otherwise, the statistical 

difference in percent dead coral with algae cover between AOI A and AOI B was insignificant. 

Lastly, benthic epifauna were found to account for only 7.12% coverage in AOI A and 

6.06% coverage in AOI B, which was not significantly different between the two survey areas.   
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Figure 30. There was a strong positive relationship between percent pavement cover and 

distance from shore in both AOI A and B. 

p-value of the F-value: 2.46*10
-32

 

 

p-value of the F-value: 6.11*10
-38
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Figure 31. Map of the percent pavement cover by depth and AOI. 
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Figure 32. Map of the percent sand cover by depth and AOI. 
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Figure 33. Regression analysis showed there was no significant relationship between percent 

pavement cover and depth. 

 

 

p-value of the F-value: 4.15*10
-7

 

 

p-value of the F-value: 3.52*10
-6
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Figure 34. Map of the percent rubble cover by depth and AOI. 
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Figure 35. Map of the percent dead coral with algae cover by depth and AOI. 
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The geographic distribution of benthic epifauna in both AOI A and AOI B was fairly even, and 

unrelated to depth and distance from shore (Figure 36).  The vast majority of benthic epifauna 

cover occurred in the very low, 1-20% rank, which could indicate the high percent cover of 

macroalgae.  When analyzed by regression analysis, urchin cover was so slow that there was no 

significant relationship between macroalgae and urchin cover.  It was unclear if the population of 

urchins has always been very low or if there was a die-off, similar to that of the Caribbean in the 

1980s which resulted in increased macroalgae cover and a shifting baseline.  This was not 

definitive and needs further investigation.  There were no crown-of-thorns sea star’s observed in 

the study areas.  However, due to the top-down survey method, these benthic epifauna could 

have been tucked away within the crevices of the pavement. 
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Figure 36. Map of the percent benthic epifauna cover by depth and AOI. 
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DISCUSSION 

In assessment of total percent live coral cover between AOI A and AOI B, which were 

selected based on the deforestation within their corresponding watersheds, the differences 

between the two areas were insignificant.  While the p-value in AOI A for coral versus distance 

from shore was large enough to show the relationship was insignificant at 0.0852, AOI B’s p-

value was quite significant at 1.18*10
-8

.  The R-squared value for coral versus distance from 

shore for AOI B was 0.1169, stating there was merely a weak correlation.  These findings 

nullified, neither accepted nor rejected,  item i) of the hypothesis which stated that watersheds 

with greater deforestation would have less overall corresponding live coral coverage.  Though 

the survey sites were selected adjacent to one another in order to maintain equal energy 

dynamics, water continuously travels and diffuses due to tidal fluxes and longshore currents in 

Boracay Island’s well-mixed system (Johannes, 1980).  Additionally, bathymetric groundwater 

outputs and flow direction may vary greatly from the topographic surface discharges.  Since 

groundwater was not surveyed, both AOI A and AOI B could potentially have same groundwater 

source influx.  Neither surface- nor groundwater run-off should be expected to stay within the 

boundaries of its watershed once it has left the shore.  Lastly, the p-value in AOI A for coral 

versus pavement was large enough to show the relationship was insignificant at 0.4250, but AOI 

B’s p-value was quite significant at 0.0091.  The R-squared value for coral versus pavement for 

AOI B was 0.025, again showing only a weak correlation.  If coral were settling, there would 

ideally be a strong negative relationship, showing that as coral coverage increases, the rate of 

available substrate would decrease.  Having no significant relationship says coral cover was 

somehow unrelated to available substrate, which could indicate a recruitment or growth problem 

as the bare substrate was not being settled on. 
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Regression analysis for macroalgae versus distance from shore returned significant p-

values for AOI A and AOI B as 0.0010 and 9.79*10
-24

, respectively. The R-squared value for 

AOI B (0.320) was nearly 10 times greater than AOI A’s (0.039).  Due to the strong negative 

relationship between macroalgae and distance from shore in AOI B as compared to AOI A, the 

significant strength of the relationship and difference to AOI A supported item ii) of the 

hypothesis.  Thus, the onshore area with greater deforestation had sustained levels or no 

significant change in macroalgae levels with relation to distance from shore as shown by the 

regression analysis for AOI A.  AOI B had a significant decrease in macroalgae cover away from 

shore.  It was unclear whether substrate affected macroalgae abundance since the top-down 

quadrat method did not account for benthic layering.  In some very sandy areas, there was 

noticeable macroalgae detritus, while the underlying substrate was unidentifiable in thickly 

matted areas.  If the thicker areas happened to be growing on pavement, then macroalgae may 

have outcompeted coral for settlement providing an additional cause for the first hypothesis to 

still be rejected.  If groundwater transported high enough levels of nutrients to the nearshore 

region, the overall greater levels of nearshore macroalgae could be attributed to the presence of 

nitrates (Johannes, 1980).  Water diffusion increases as it travels away from shore, so nutrients 

and less likely to affect the offshore area (Johannes, 1980).  Light was not a limiting factor as the 

regression analysis returned significantly weak relationships between macroalgae and depth in 

both AOIs.  Regardless, an increase in depth allows for a greater area of dispersion, as indicated 

by the lower levels of macroalgae away from shore.  Additionally, if a longshore current was 

present, those nutrients may have been retained in the nearshore region.  This longshore region 

may extend 0.8km from the shore, where a significant decrease in percent macroalgae cover was 

seen.  However, the current direction observed during the survey flowed from north to south, 
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which would not explain why AOI B has greater macroalgae cover nearshore than AOI A.  Most 

likely, the nearshore macroalgae was a result of surface- and groundwater nutrient run-off due to 

land use change.  Due to the occurrence of seasonal algal blooms at Long Beach during the time 

of the survey, the nearshore macroalgae could also be a lingering result of the previous rainy 

season which ended approximately 2-3 months prior.  Since surface run-off and SBD greatly 

increase during the rainy season (Lewis, 1987), the effect of increased nutrients may have also 

caused greater nearshore macroalgae.  Therefore, areas with less vegetation have greater nutrient 

carrying run-off, which would then be available for nearshore uptake and rapid growth by 

macroalgae.   

Lastly, while the Boracay fisheries were not studied, it could be possible there was a lack 

of herbivores present to maintain low macroalgae levels (Hughes, et al., 1999, Jompa and 

McCook, 2002 and Valiela, et al., 1997).  The no-take zone surrounding Boracay Island 

indicates a fishery problem that the DENR is trying to manage.  When herbivores [both pelagic 

fish and benthic urchins] are absent, macroalgae has no other natural predators and can grow 

untamed (Birkeland, 1997).  Since macroalgae grows at a faster rate than coral, it can out-

compete coral for substrate, shade coral from receiving light for photosynthesis or simply 

smother the coral (Birkeland, 1997).  This may result in a “shifting baseline” from a coral-

dominated bottom to an algal-dominated bottom (Jompa and McCook, 2002).  Shifting baselines 

refer to the gradual change of a study baseline due to the loss of representative species and using 

inappropriate targets for measuring ecosystem changes (Pauly, 1995).  It was unclear whether 

this type of shift occurred at Boracay Island, but because this survey was conducted with no prior 

reef data the baseline was set at having very low coral cover with low macroalgae cover.  Core 
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studies, for example, could determine whether coral existed where this is currently pavement or 

macroalgae and may determine if there truly has been a baseline shift from coral to algae. 

The majority of percent coral cover occurred in the very low range in all distances from 

shore.  When comparing percent coral cover versus pavement, the p-value for AOI A showed an 

insignificant relationship at 0.4250, while AOI B’s was significant at 0.0091.  The positive 

relationship was very weak in AOI B with an R-squared value of 0.0256.  However, there was 

only also a somewhat weak positive relationship in coral versus distance from shore, having a 

significant R-squared valued of 0.1169.  These results supported item iii) of the hypothesis, 

which predicted that there would be less coral coverage in areas away from shore where 

substrate was available in the watershed with greater deforestation.  Percent coral cover was very 

low in the nearshore region, and it’s a logical distribution considering that substrate was simply 

not available for coral larval settlement.  The substrate was either sand or being occupied by 

macroalgae, which can shade or out-compete coral if growing on pavement.  It was unclear 

whether substrate affected macroalgae abundance since the top-down quadrat method did not 

account for benthic layering.  In some very sandy areas, there was noticeable macroalgae 

detritus, while the underlying substrate was unidentifiable in thickly matted areas.  While there 

were positive relationships in both AOI A and AOI B (though much stronger in AOI A) between 

pavement and distance from shore, it was unclear whether the nearshore substrate under 

macroalgae was pavement or sand.  Nearshore, if the thick macroalgae was growing on 

pavement, then coral may have been out-competed for settlement providing an additional cause 

for hypothesis item i to be rejected and iii to be supported.  Despite the weak, significantly 

positive relationship between coral and distance from shore in AOI B and the coverage of 

pavement offshore, the majority of coral cover was still in the very low range.  This indicates 
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there might have been a recruitment- or growth-inhibiting problem, which should be 

investigated. 

 

CONCLUSIONS 

The majority of live coral cover existed in the very low ranking, having only 1-20% 

coverage, but it was encouraging to note that coral at least existed in most ranges in both AOI A 

and AOI B.  Due to the lack of available substrate in the nearshore region, as it was mostly sand 

or macroalgae, coral cover was very low.  If hard substrate was beneath the dense, nearshore 

macroalgae, then coral may have been out-competed for settlement or growth.  Additionally, 

coral did not increase greatly where substrate was available further from shore.  There may have 

been recruitment- or growth-inhibiting factors that were not observed, which may have been 

related to nitrification caused by deforestation (Birkeland, 1997).  Whether the existence of live 

coral was simply what’s remaining after a massive die-off event (that may have also caused the 

large amount of notable rubble and macroalgae in both AOIs) was not determined, so core 

sampling is suggested to date the coral and pavement.  Additionally, the presence of live coral 

could also have indicated a recent recruitment and settlement event.  It was unclear whether 

corals are recovering or in decline, so this baseline data should be used to track changes in the 

benthic environment.  It can be concluded that the presence of nearshore macroalgae indicates 

that deforestation results in marine eutrophication, as the area with greater deforestation 

experienced no change nearshore and offshore in macroalgae levels.   
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Suggested Future Research 

A significant relationship between coral and macroalgae cover was not found and it 

should be understood that there are many other factors that could influence the prevalence of 

corals.  In order to fully understand the ecosystem relationships and possible baseline shifts, 

assessment at the species level of the functional groups at Boracay Island should be evaluated 

(Bellwood, et al., 2004).  Important functional groups include herbivores (consumes 

macroalgae), coral consumers (decrease coral cover), macroalgae cover (shades coral or 

competes for substrate), dominate reef species (which are growing fastest and are most resilient), 

disease, etc (Bellwood, et al., 2004).  These groups all play an integral role in the reef ecosystem 

and an in-depth analysis could assist the DENR in making decisions in regards to ecosystem 

management. 

While a baseline dataset of basic benthic features bordering Long Beach at Boracay 

Island was created, there was much that could not be done due to a number of limiting factors, 

including a no-touch or no-take area around Boracay Island, funding and time availability.  It is 

positive to note that generating baseline data, placed into a GIS, can be an effective tool for 

marine resource management.  For future studies, other factors to be measured should include 

current flow and direction, sediment type, larval recruitment and storm activity.  Additionally, 

follow-up studies should be conducted to assess change both onshore and offshore.  Since the 

percent coral cover was low, it may also be assumed that overall coral sizes are small, possibly 

indicating young corals, so an age or growth survey should be conducted to determine if this is 

true. 

Sedimentation and nutrient loading were not measured as this ocean system is tidal and 

well-flushed.  Collecting time-consuming water samples in a tidal, oligotrophic system would 
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most likely return data that imply a false negative relationship between nutrient run-off and algal 

growth.  Additionally, collecting water samples for just a few weeks in one year only reveals a 

snapshot in time and doesn’t fully represent the water quality characteristics at Boracay Island.  

With this in mind, water sampling stations should be set up for continuous research.  An 

alternative to water sampling is to collect nitrogen-loading brown macroalgae.  The area just past 

the sandy nearshore swim zone was a boat anchorage area and swimming was strictly prohibited.  

The water depth from this boat line, approximately 100 feet/30.5m from shore, was much too 

deep for the PI to free dive, and there was not adequate time to collect macroalgae via SCUBA 

diving.  It is suggested to collect non-nitrogen-fixing brown macroalgae along the nearshore 

environment and test for varying levels of nitrogen using a stable isotope analysis method to 

confirm that the greater levels of macroalgae were caused by run-off (McClelland, et al., 1997).  

This may correspond to areas where high levels of nutrient run-off may be occurring along the 

coastline, which may also correspond to areas of high de-forestation or other land use changes.  

As was indicated in the McLaughlin, et al., study (2003), this research may show the larger link 

with factors other than sediment loading to reef livelihood.  Additionally, surveying reefs in 

embayments would allow for slower nutrient flushing and would restrict flow of surface- and 

groundwater run-off to specific survey areas, as opposed to this open ocean system. 

Furthermore, it is suggested to further investigate the seemingly sporadic Chaetomorpha, 

Ulva and Enteromorpha macroalgae blooms that occur along Long Beach during the months 

from January to March (Figure 8b).  These blooms may be a response to rapid development and 

nutrient run-off, but were observed by local residents prior to most of the island’s development 

(Trousdale, 1999, and Goreau et al., 1997).  While the Department of Environmental and Natural 

Resources is studying the effects of global climate change at Boracay Island, local citizens have 
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wondered why the seawater stays cooler in temperature compared to other parts of the 

Philippines (Manila Bulletin, 2008).  Cooler, nutrient-rich water may indicate ocean upwelling 

corresponding with the onshore seasonal winds (Birkeland, 1997), preventing proper coastal 

flushing and allowing for algal blooms to form.  The blooms also occur within the 1-2 months 

following the rainy season; a response to increased run-off. 

Ultimately, it is recommended to begin a long-term ecosystem monitoring program to 

determine the success of the current no-take zones surrounding Boracay Island, in addition to 

measuring resilience of the ecosystem after major disturbances, such as after cyanide use and 

dynamite blasting.  Such a monitoring program could be conducted along the same principles as 

Reef Check’s monitoring system that may train local recreational volunteer divers and scientists 

(Reef Check, 2009).  A proper monitoring program could successfully show the improvement or 

continued degradation of an ecosystem.  Detailed monitoring to include water quality 

measurements (water sampling or nitrogen uptake in macroalgae stable isotope analysis) may 

also indicate changes in coastal run-off and would serve as additional baseline data for coastal 

planning and resource management.  Boracay Island is very important to the tourism industry in 

the Philippines and maintaining proper environmental conditions of Long Beach, the surrounding 

waters and the reef ecosystem is important for ensuring longevity of this resort destination.   



 

 
 

67 

LITERATURE CITED 

Austria, A. Manila Water bags Boracay water concession, to spend P1.2B [Internet]. Philippines: 

ABS-CBN News; c2009, 17 April 2009. Available from: http://www.abs-

cbnnews.com/business/04/08/09/manila-water-bags-boracay-water-concession-spend-

p12b 

Bellwood, D., T. Hughes, C. Folke, and M. Nyström. 2004. Confronting the coral reef crisis. 

Nature. 429: 827-833. 

Birkeland, C. 1997. Life and death of coral reefs. Chapman and Hall, New York. 560 p.  

Bureau of Mines and Geo-Sciences. 1981. Geology and mineral resources of the Philippines. 

Ministry of Natural Resources, Manila. Plate 1. 

Carter, R. 2004. Implications of sporadic tourism growth: extrapolation from the case of Boracay 

Island, the Philippines. Asia Pac. Jour. of Tour. Res. 9: 383-404. 

CCMA: Biogeography Projects [Internet]. Silver Spring, MD: Center for Coastal Monitoring and 

Assessment, National Oceanic and Atmospheric Administration; c2009, 21 Jan. 2009. 

Available from: http://ccma.nos.noaa.gov/about/biogeography/proj_theme.html 

Devore, J. and R. Peck. 2001. Statistics: the exploration and analysis of data. Duxbury, 

California. 129-194. 

Digital Elevation Models (DEMs) [Internet]. SRTM-90 DEM. Greenwood Village, CO: 

MapMart Global Mapping Solutions; c2009, 15 Feb. 2007. Available from: 

http://www.mapmart.com/DEM/DEM.htm 

DENR concerned about climate change in Boracay [Internet]. Manila, Philippines: Manila 

Bulletin; c13 April 2008, 15 Jan. 2009. Available from: 



 

 
 

68 

http://www.articlearchives.com/science-technology/earth-atmospheric-science/217567-

1.html 

EasyTide on-line tidal predictions from the UKHO [Internet]. Somerset, UK: The United 

Kingdom Hydrographic Office; c2009, 16 March 2008. Available from: 

http://www.easytide.com/EasyTide/EasyTide/index.aspx  

GLCF: Earth Science Data Interface [Internet]. Landsat Thematic Mapper and Enhanced 

Thematic Mapper imagery. College Park, MD: Global Land Cover Facility, University of 

Maryland; c2004, Oct. 2006. Available from: 

http://glcfapp.umiacs.umd.edu:8080/esdi/index.jsp 

Gomez, E., P. Alino, H. Yap and W. Licuanan. 1994. A review of the status of Philippine reefs. 

Mar. Poll. Bull. 29: 62-68. 

Goreau, T. Boracay Environmental Restoration, Water Quality, and Sustainable Energy: 

Current Situation and Future Prospects [Internet]. Cambridge, Massachusetts: Global 

Coral Reef Alliance; c20 Aug. 2007, 21 Jan. 2009. Available from: 

http://www.globalcoral.org/boracay_environmental_restoratio.htm 

Goreau, T., M. Goreau and J. Cervino. Water Quality and Coral Reef Health In Boracay,  

El Nido, Isla Verde, and Balicasag, Philippines [Internet].  Cambridge, Massachusetts: 

Global Coral Reef Alliance; c13 Sept. 1997, 21 Jan. 2009. Available from: 

http://www.globalcoral.org/Water%20Quality%20and%20Coral%20Reef%20Health%20

In%20Boracay,.htm 

Green, E., P. Mumby, A. Edwards, and C. Clark. 2000. Mapping coral reefs and macroalgae. 

Pages 155-174 in A. Edwards, ed. Remote sensing handbook for tropical coastal 

management. UNESCO, Paris. 



 

 
 

69 

Hughes, T., A. Szmant, R. Steneck, R. Carpenter, S. Miller. 1997. Algal blooms on coral reefs: 

What are the causes? Limnol. Oceanogr. 44:1583-1586. 

Johannes, R. 1980. The ecological significance of the submarine discharge of groundwater. Mar. 

Ecol. Prog. Ser. 3:365-373. 

Jompa, J. and L. McCook. 2002. The effects of nutrients and herbivory on competition between a 

hard coral (Porites cylindrical) and a brown alga (Lobophora variegata). Limnol. 

Oceanogr. 47:527-534. 

Kohler, K. and S. M. Gill. 2006. Coral point count with excel extensions (CPCe): A visual basic 

program for the determination of coral and substrate coverage using random point count 

methodology. Comp. Geosci. 32: 1259–1269. 

Lewis, J. 1987. Measurements of groundwater seepage flux onto a coral reef: Spatial and 

temporal variations. Limnol. Oceanogr. 32:1165-1169. 

Lirman, D., et al. 2007. Development and application of a video-mosaic survey technology to 

document the status of coral reef communities. Env. Mon. and Assess. 125: 59-73. 

Long Term Monitoring [Internet]. Pacific Palisades, CA: Reef Check; c2007, 21 Jan. 2009. 

Available from: http://reefcheck.org/conservation/long_term_monitoring.php 

McClelland, J., Vuliela, I. and R. Michener. 1997. Nitrogen-stable isotope signatures in estuarine 

food webs: A record of increasing urbanization in coastal watersheds. Limnol. Oceanogr. 

42: 930-937. 

McLaughlin, C., Smith, C., Buddemeier, R., Bartley, J. and B. Maxwell. 2003. Rivers, runoff, 

and reefs. Glob. Plan. Change 39: 191-199. 

Miller, R. and J. Cruise. 1995. Effects of suspended sediments on coral growth: evidence from 

remote sensing and hydrologic modeling. Rem. Sens. Env. 53: 177-187. 



 

 
 

70 

Nadon, M. and G. Stirling. 2006. Field and simulation analyses of visual methods for sampling 

coral cover. Coral Reefs 25: 177-185. 

Pauly, D. 1995. Anecdotes and the shifting baseline syndrome. Trends Ecol. Evol. 10:430 

Richmond, R. 1993. Coral reefs: Present problems and future concerns resulting from 

anthropogenic disturbance. Amer. Zool. 33:524-536. 

Rubec, P. 1988. The need for conservation and management of Philippine coral reefs. Env. Bio. 

Fish. 23: 141-154. 

Trousdale, W. 1999. Governance in context, Boracay Island, Philippines. Ann. Tour. Res. 26: 

840-867. 

Tupper, M., A. Tewfik, M.K. Tan, S.L. Tan, L.H. Teh, M.J. Radius, and S. Abdullah. ReefBase: 

ReefGIS [Internet]. Penang, Malaysia: The World Fish Center ReefBase Project; c2009, 

21 Jan. 2009. Available from: http://www.reefbase.org/gis_maps/default.aspx 

US Virgin Islands Habitat Mapping [Internet]. Landover, MD: Khaled bin Sultan Living Oceans 

Foundation; c2005, 21 Jan. 2009. Available from: 

http://www.livingoceansfoundation.org/index.php?option=com_content&task=view&id=

100&Itemid=216 

Valiela, I., J. McClelland, J. Hauxwell, P. Behr, D. Hersh and K. Foreman. 1997. Macroalgal 

blooms in shallow estuaries: Controls and ecophysiological and ecosystem consequences. 

Limnol. Oceanogr. 42:1105-1118. 

Veron, J. 2000. Corals of the World. Australian Institute of Marine Science, Australia. 56.  

World map. ArcGIS 9 ESRI Data and Maps 9.3 Media Kit DVD. ESRI; c2008.   



BIOGRAPHICAL SKETCH 

Amanda Williams is the Marine Science GIS Analyst for the Khaled bin Sultan Living 

Oceans Foundation, Landover, Maryland.  She earned her Master’s of Science in Marine Science 

with a concentration in Marine Policy at the University of North Carolina, Wilmington (UNCW), 

May 2009.  In May 2000, she completed her Bachelor’s of Science in Geographical Sciences at 

James Madison University (JMU), Virginia.  With the guidance of her UNCW Advisor Dr. 

Joanne Halls, and committee, Amanda conducted Master’s research on Boracay Island, 

Philippines, investigating land use change and mapping the distribution of live coral cover 

utilizing SCUBA and video transects.  Funding for this research was provided by UNCW’s 

Graduate Student Association, Center for Marine Science and Geography and Geology 

Department, additionally by the International Women’s Fishing Association and Jordan Viders 

Memorial Scholarship, Women Diver’s Hall of Fame.  Previous research includes coral reef 

ecosystem studies with the School for Field Studies, Turks and Caicos Islands, June 2004, and 

creation of an educational lesson plan on mangrove importance, Baja, Mexico, June 2003.  

Amanda was a GIS Research Assistant for the Oculina Habitat Area of Particular Concern 

project, UNCW, spring 2006.  Amanda taught two Introduction to Geography laboratories and 

assisted with GIS courses as a Teaching Assistant (TA), UNCW, 2006-2008.  She was the TA 

for Dr. Johnathan Walker’s JMU Philippines Study Abroad, May 2007.  Amanda was awarded 

the G. Herbert Stout Student Speaker Award for her thesis work at the North Carolina GIS 

Conference, Winston-Salem, North Carolina, March 2007.  Amanda worked at the National 

Oceanic and Atmospheric Administration, Silver Springs, Maryland, as an Electronic 

Navigational Charting Associate in the Marine Chart Division, Office of Coast Survey, 2005.  

She taught marine biology at the Newfound Harbor Marine Institute, Big Pine Key, Florida, fall 

2004 and has traveled to Guatemala and Honduras on community service projects.   


		2009-10-22T17:26:40-0400
	Robert D. Roer




