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2002 Annual Report for Research and 
Monitoring 

Spatio-temporal variations in the community structure of various 
ecosystems in Tubbataha Reefs and other sites along the Cagayan 
Ridge 

Executive Summary 

This annual monitoring report comprises part of the World Wide Fund for Nature 
Philippines’ (WWF-Phils) commitment to protect a world heritage site, the Tubbataha Reef 
National Marine Park (TRNMP). This report aims to determine the present status of the 
benthic, reef fish, seagrass and seabird communities in the Tubbataha Reefs and other 
associated reefs along the Cagayan Ridge. 

Both the video (English et al. 1997) and benthos point intercept transects (McManus 1997) 
were used to gather data for the benthic community structure. The fish visual census 
method was used to determine the reef fish community structure (English et al. 1997). The 
biomass of fish assemblages was calculated based on Kulbicki et al. (1993) and 
Uychiaoco (1998, unpublished). The seagrass community was surveyed using the 
quadrat method (English et al. 1997). The shoot density for each species was the 
parameter measured for this survey. Direct counting was used to determine the 
abundance of seabirds in Tubbataha, Basterra and Cavili (from this point forward will be 
termed as Cawili). 

At present, the benthic community in the Tubbataha Reefs is in fair condition since 1997 
as compared to Jessie Beazley and Cagayancillo which deteriorated from fair to poor 
condition since 1998 and 2002, respectively. The benthic community structure varied 
across sites. This was due to the natural reef formation brought about by geological 
processes acting in the area. The local environmental forces shaped the different reef 
habitats at a finer scale. Differences in the benthic characteristics could also be attributed 
to the history of disturbance the area experienced. 

The results of the benthic indices showed which sites were in a better condition relative to 
other sites. This also showed which sites experienced high mortality or vulnerability to 
damages caused by either natural or anthropogenic perturbation or both. 

The density and biomass of the coral reef fishes along the Cagayan Ridge are high 
compared to the fish stock in the main islands in the Philippines. The protected status of 
Tubbataha and the keen environmental consciousness of the local inhabitants of 
Cagayancillo contributed significantly in maintaining the fish stocks in the Cagayan area. 

The remoteness of some sites also contributed to the increase in abundance of reef 
fishes. Accessibility to fishing is a major factor in the depletion of fish stocks. Areas near 
human settlement are prone to degradation by destructive fishing. Accessibility also 
determines the frequency of degradation. Remote areas are visited less frequently, giving 
the system a chance for recovery. But less frequent visits also entail more fishing pressure 
because fisherfolks tend to maximize the catch in every visit to a remote area. This 
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creates differences in the disturbance regime on the reefs which would result to variations 
in the fish and benthic community structure among sites. 

The distribution of the fish communities across sites followed the differences in the habitat 
structure that characterize each site. The fish community in each site is further structured 
at a finer scale by some demographic processes like mortality, recruitment and settlement 
rates, and the in-flux of fishes from other sites. It is also controlled by habitat preferences, 
shelter requirement, and food abundance by certain fishes. 

Temporal variations in fish community structure were due to demographic processes 
occurring in the community. These are also controlled by the seasonal fluctuations of 
some environmental variables to which reef fishes respond to. 

The seagrass populations in Tubbataha, Cagayancillo and Cawili are in excellent 
condition. Some seagrasses had high shoot density in some sites while absent in other 
sites. There were variations in the species distribution and diversity across sites. Some 
sites had eight species out of a total of nine species recorded during this year’s survey 
while some sites had only two (monospecific beds). The species distribution was 
controlled by the environmental variables acting on the different sites. Some of which 
were: exposure conditions, sediment type (grain size), depth, light, and water clarity. The 
stage of community development also contributed to species distribution. 

Some species of seabirds were absent at a certain time of the survey but were present at 
a latter time. This indicates that Tubbataha, Cawili and Basterra are transition sites for 
migrating seabird species. The north and south islets of Tubbataha serve as breeding 
grounds for some species of seabirds. 

Patchiness in habitat has been observed for these seabird populations. This indicates that 
resource partitioning is practiced by this organism. This is a sign of complexity in the 
seabird community. Aside from resource partitioning, territoriality was also observed. 
These  two traits in the seabird community indicate that the seabird ecosystem in these 
areas is stable which could be due to absence of human interference. 

Overall, the four ecosystems surveyed are still in good condition. Spatial differences in 
community characteristics were due to inherent differences in habitat formation and the 
biological and physical processes that affect the area. Temporal changes were due to 
seasonality which caused changes in the environmental conditions, the protected and 
unprotected status of some areas, and the biological processes that contribute to the 
recovery of the reef. 
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Introduction 

Overview 

Tubbataha Reef is an atoll reef formation composed of two atolls distributed along the  
northeast direction. This 33,200 hectare seascape is located in the middle of Sulu Sea (N 
08° 50’ 677”, E 119° 55’ 734”) and is considered as the last frontier of the marine 
environment in the Philippines. It is also in the middle of the Cagayan Ridge which starts 
at the municipality of Cagayancillo (N 09° 39’ 143”, E 121° 14’ 292”) in the north and ends 
at Cagayan de Tawi-Tawi down south. 

Despite the remoteness of the reef, it is frequented by commercial fisherfolk both local 
(mostly from the province of Antique, Palawan, Quezon and Iloilo) and foreign nationals 
(usually from China and Taiwan) due to its renowned richness in terms of biomass and 
diversity. It experienced some degrees of destruction due to illegal fishing. A call for the 
conservation of this pristine reef was initiated by concerned private groups and was 
unanimously endorsed by the Provincial Government of Palawan, thus on August 11, 
1988 it was declared the country’s first national marine park by virtue of Presidential 
Proclamation No. 306. In 1993, it was declared by United Nation Educational, Scientific 
and Cultural Organization (UNESCO) as a Natural World Heritage Site in recognition of its 
richness and diversity. 

The need for conservation of this important habitat continues until today. Coral reefs suffer 
different types of disturbances coming from both land and sea. Land-derived disturbances 
include siltation from river runoff and pollution from coastal communities and factory 
discharges. These disturbances, however, are minimal or non-existent in the case of 
Tubbataha due to its remoteness. However, there were evidences of pollution coming 
from mainland Palawan and Visayas where pollution from poor solid waste disposal   
(non-biodegradable wastes) tends to be deposited in Tubbataha carried by the ocean 
circulation. Common disturbance experienced by Tubbataha comes from the ocean itself 
such as strong waves generated by storms and reef exposure due to very low sea level. 
Anthropogenic disturbance comes from destructive fishing practices despite local and 
national legislations that prohibit such. Disturbance may occur at different spatial and 
temporal scales. Natural disturbance in the marine environment may have a wide spatial 
range but usually occurs only at one point in time.  However, those disturbances that are 
created by man usually have more impact on the system. They usually occur for longer 
periods of time and are usually localized so that they have the potential to alter the 
environment itself. Unless effectively protected, the reef will inevitably collapse. 

The reefs that have been destroyed by blast fishing in the northern Philippines have low 
potential for recovery even in the absence of fishing (McManus et al. 1997). Widespread 
coral mining in the Maldives resulted in almost 0% live coral cover. The recovery of the 
area via planular recruitment is very slow due to the absence of immediate sources of the 
recruits and due to the alteration of the substrate (Clarke and Edwards 1994). There are 
also potential impacts caused by tourism. Coral-grabbing anchors are the chronic problem 
in areas without mooring buoys. Recreational activities also contribute significantly to reef 
degradation (Rinkevich 1995). Near-shore activities result in coral breakage by human 
trampling, sediment resuspension, and bilge discharge from tourist boats. Novice 
snorkelers and divers are often unaware that they break corals during the duration of their 
activities (Allison 1996, Harriott et al. 1997). These disturbances produce a major impact in 
the long term (Rinkevich 1995). 
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Considering that the reef is potentially threatened by these natural and anthropogenic 
disturbances, conservation through effective management has to be enforced. The 
conservation efforts have to be hastened to beat the rate of degradation. This way, the 
future generation can also enjoy the marvel of an intact and rich habitat such as 
Tubbataha. 

Rationale 

Tubbataha’s richness is undoubtedly world-class. This atoll is home to 372 species of 
corals (Fenner 2001) and 379 species of fish. It has a healthy seagrass bed with 9 species 
of seagrasses. It is inhabited by 79 species of marine algae. Large marine animals are 
also found in the area. There are six species of sharks (White and Arquiza 1999) and 
cetaceans (Dolar and Alcala 1993) and two species of sea turtles recorded. They are 
considered to be at the top of the feeding hierarchy. Tubbataha’s richness is not only 
concentrated beneath its crystal blue waters but also on its islands inhabited by 23 species 
of seabirds. The north and south islets are breeding grounds for  seven species and also 
shelter 22 species of migratory birds during the summer months. 

This high diversity and nearly pristine condition of Tubbataha offers marine researchers an 
opportunity to discover and study the biology and ecology of marine ecosystems at 
various spatial scales. Objects for studies could vary from the minute planktons to the 
large marine mammals and sharks. Aside from the strict scientific aspect, studies have to 
be done to gather the data needed for effective management of the park. Only with a 
sound scientific based knowledge of the area can one formulate a management scheme 
that perfectly suits a dynamic ecosystem like coral reefs. The proper management of the 
park will ensure the protection of the reef’s health and diversity. 

Baseline data gathered since 1982 have been used for the initial steps to manage the 
park. Earthwatch, Department of Environment and Natural Resources (DENR), Marine 
Parks Center of Japan (MPCJ), Siliman University Marine Laboratory (SUML), and 
University of the Philippines Marine Science Insitute (UP-MSI) conducted several studies 
in Tubbataha in the past years. In 1997 the WWF started its annual monitoring activities in 
the area. These activities continue up to the present, increasing the volume of data being 
used to understand the biology and ecology of the reef as well as the status of reef health 
through time. The data gathered by various institutions were used for the formulation of 
the management strategy that is now being used to run the park. 

General Objectives 

The objectives of this monitoring activity are to reflect the status of the ecosystem or 
species and to detect changes over time and space. The monitoring sites are not only in 
Tubbataha Reef but also in other surrounding areas such as Jessie Beazley Reef, 
Basterra Reef, Cagayancillo, Cawili, Calusa and Arena islands. Baseline monitoring from 
these areas are vital as it would provide information on the status of marine habitats in 
Sulu Sea which are exposed to varying levels of human exploitation. 

The program includes surveys of the coral reef ecosystem and other marine associated 
ecosystems down to species-specific surveys. Terrestrial flora and fauna populations of 
small islands are also important study targets. The program is designed to give a yearly 
update on reef health as well as to show the status of other ecosystems, trends or 
changes over time with the use of standardized methods. 
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Specific Objectives 

The detailed objectives for this monitoring are divided into each community being 
monitored. Briefly, these are: 

• For coral communities 

o To determine the structure of the benthic community in Tubbataha and 
other related sites along the Cagayan Ridge; 

o To determine the status and condition of the coral reefs in the above 
mentioned sites; 

o To compare the present status with the previous years; and 

o To determine the probable sources of variations along spatial and 
temporal scales. 

• For coral reef fish communities 

o determine the status of the fish stocks in Tubbataha Reefs and other 
related sites along the Cagayan Ridge; 

o determine the spatial distribution of reef fish species; 

o determine the trend in biomass and density of reef fishes through the 
years; and 

o determine the physical and biological processes that affect the spatial 
distribution and temporal trend of reef fishes. 

• For seagrass communities 

o to determine the species distribution of seagrasses across the different 
study sites; and 

o to determine the status of the seagrass habitat by looking into the shoot 
density of each seagrass species. 

• For seabird communities 

o to conduct an inventory of the seabirds population; 

o to be able to determine species richness and species diversity of the 
seabird population; 

o to identify the resident and migratory species of seabirds in TRNMP; 

o to determine the breeding month (season) of seabirds in the area; and 

o to determine the temporal variations in the migration patterns of seabirds. 
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General experimental design 

Site descriptions 

Tubbataha Reef National Marine Park has been the main study site of the WWF research 
and monitoring program since 1997.  Tubbataha is located in the center of Sulu Sea, 150 
kilometers southeast of Puerto Princesa City, Palawan.  A total of seven permanent 
transect sites were set in 1997 and have been monitored annually since. Aside from 
Tubbataha Reefs, only Jessie Beazley Reef and Cagayancillo have baseline data and 
permanent transect sites. From Tubbataha, Jessie Beazley Reef is located 15 nautical 
miles northwest of North Islet while Cagayancillo is located 92 nautical miles northeast 
(Figure 1).  Jessie Beazley Reef has three permanent transect sites while Cagayancillo 
has four. 

 

Figure 1. Map showing all the project sites (Tubbataha, Jessie Beazley, Basterra, Cawili, Arena, Calusa and 
Cagayancillo) with monitoring stations. Sites with red circle are the main project sites while those in blue are 
the sub-sites. 
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The permanent transects in Tubbataha were characterized by initial surveys using manta 
tows. Cement blocks fastened to the rock substratum were installed to permanently mark 
the sites and as a medium for coral recruitment.  

There are four sites found in the north atoll and three sites in the south atoll in Tubbataha 
(Figure 2).  Transect sites in Cagayancillo were established in 2001 (Figure 3).  There are 
four sites in Cagayancillo since 2001 and another site, located inside the proposed marine 
sanctuary was added in 2002. Rapid reef assessments were also done in Calusa and 
Cawili in 2001 using manta tows. New sites were established in Calusa, Cawili, Arena and 
Basterra Reef in 2002, each having three sites. Site selection was based on the exposure 
to the two monsoons and was approximated to be equidistant with each other. All transect 
sites were marked by the Global Positioning System (GPS) (Table 1). 

 

Figure 2. Map showing the monitoring sites in the north and south atolls of the Tubbataha Reef National Marine Park. 
The monitoring sites are marked with blue triangles.  
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Figure 3. Map showing the islands of Cagayancillo, Calusa, Cawili and Arena with the monitoring stations (marked with 
blue triangles) 

Spatial Patterns 

The experimental design used in monitoring each community considers the natural 
variation in location, depth, and degree of exposure. All these variations have to be taken 
into account in order to come up with a holistic/general conclusion. This is the reason why 
the study tried to maximize the number of sites, sampling stations, and replicate transects 
in each reef area surveyed. This is, however, balanced by the number of manpower 
available and still maintaining a level that is safe for diving. 

Six sampling stations considered in each of the four replicate transects nested within a site 
with a minimum of three sites per reef area where each reef is at least two nautical miles 
away from another site (a multi-scale hierarchical design). This is to cover everything from 
the ecosystem down to the colony level. This is more advantageous because it was 
possible to determine at what level significant differences in community structure occur 
and that adjustments to the monitoring protocol could be made from there. The largest 
scale considered was the whole reef system made up of several replicate sites (second 
level down). Each site was constituted by several replicate transects (third level down) and 
each transect was made up of several sampling stations (fourth level down and the 
smallest scale considered). Depth variations were also considered where surveys were 
done at 2 depths: shallow (15 feet) and deep (30 feet). 
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Temporal Patterns 

The monitoring was done during the summer months of March to June. Due to the shifting 
monsoons that visit the country and the remoteness of the study sites, only a small 
window of opportunity is left to successfully and safely accomplish the research and 
monitoring activities. The month of October is a period of transition between the southwest 
and northeast monsoons. It provides another window of opportunity to conduct research 
though the weather during this time is very unpredictable. This only happened this year 
after two years of project implementation. The experimental design for most of the 
research undertaken is of a “snap-shot” design where all data are gathered at one time 
and will be compared from the data of the previous year. Inter-monsoon comparisons 
could not be made since all data were only from the southwest monsoon. Inter-monsoonal 
differences are critical to document due to the dynamic nature of the coral reef ecosystem. 

Limitations 

As mentioned earlier, the biggest limiting factors in the conduct of a prompt research and 
monitoring expedition are weather and distance. Everything depends on calm weather for 
the conduct of the monitoring as well as individual research activities. Other related 
limitations are: (1) manpower; (2) food and water storage; and (3) equipment failure. 

Although personnel from other components are absorbed by the research and monitoring 
component during summer, the maximum efficiency and productivity is still not achieved. 
This is due to the lack of training of the personnel to do hard core research. One way of 
maximizing the productivity per trip is to have more than just one output every expedition. 
Series of trainings should be held to prepare the staff to create their own scientific study on 
various topics and to gather their respective data during the summer expedition while 
doing the monitoring activities. 

The number of personnel on-board the research vessel dictates the number of days the 
research could be conducted. This has an implication on the food and water supplies. This 
poses not much of a problem in Cagayancillo since food supplies are available in the 
island and water supply is available in the island of Cawili. 

There is only one set of equipment available for use at one time. Any event of equipment 
failure entails delays and even termination of the data gathering. Backup methods were 
considered in any event of this happening. 
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Chapter 

1 Coral community structure 
Spatio-temporal variations in coral community structure in Tubbataha 
Reefs and other sites along the Cagayan Ridge 

Marlowe Sabater 
Research Officer - WWF Philippines 

Brief introduction 

Coral reefs all over the world are on the brink of collapse due to widespread disturbance 
brought about by human activities. The reefs that have been destroyed by blast fishing in 
the northern Philippines have low potential recovery even in the absence of fishing 
activities (McManus et al. 1997). Widespread coral mining in the Maldives resulted in 
almost 0% live coral cover.  The recovery of the area via planular recruitment is very slow 
due to the absence of immediate sources of the recruits and to the alteration of the 
substrate (Clark and Edwards 1994).  There are also potential impacts caused by tourism.  
Coral-grabbing anchors are the chronic problem in reef areas without mooring buoys. 
Recreational activities also contribute significantly to reef degradation (Rinkevich 1995).  
Near shore activities result in coral breakage by human trampling, sediment resuspension, 
and sewage discharge from tourist resorts. Novice snorkelers and divers are often 
unaware that they break corals during the duration of their activities (Allison 1996, Harriott 
et al. 1997). These disturbances produce major impacts in the long term (Rinkevich 1995). 
Actions have to be taken in order to save one of the world’s richest natural resources. One 
of the common strategies being undertaken is the establishment of marine sanctuaries or 
reserves. This is done by allotting a certain area of the ocean or coast available for 
management where it could be regarded as a “no-take zone” or a “controlled-use zone”. 

One of the expected outcomes of this effort is to have an increase in the productivity in the 
area in terms of fish biomass brought about by the exclusion of the area from fishing 
pressure (Russ, G. R. & A.C. Alcala 1996a; Russ, G.R. & A.C. Alcala 1996b). The benthic 
community is expected to have an increase in coral cover which will eventually provide 
shelter for the fish which might lead to an increase in fish productivity (Russ, G. R., A.C. 
Alcala & A.S. Cabanban. 1992). 

These changes will have to be recorded. This is the purpose of the monitoring. The 
dynamic nature of the different processes that occur in coral reefs give rise to the complex 
characteristics of this habitat. Each change will have to be attributed to a certain process (if 
naturally driven) or intervention (if human induced). Monitoring would be an essential tool 
to accomplish this requirement. 

The objectives of this study are: 

1. To determine the structure of the benthic community in Tubbataha and 
other related sites along the Cagayan Ridge; 

2. To determine the status and condition of the coral reefs in the above 
mentioned sites; 
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3. To compare the present status with the previous years; and 

4. To determine the probable sources of variations along spatial and 
temporal scales. 

Methodology 

Field survey 

Video transect method 

The video technique developed by the Australian Institute of Marine Science (AIMS) was 
used to efficiently quantify the percentage cover of reef benthic communities. This video 
technique has an advantage over the line intercept method, it being quicker to implement 
in the field. The method provides a permanent and objective record of the reef benthos 
and allows reinvestigation. It has proven to be a fast tool for obtaining quantitative data on 
reef benthos, saving considerable amounts of expensive dive time. The major 
disadvantage, however, lies in limited image resolution compared to the actual fieldwork, 
thus this method allows only the obvious corals to be identified to genus level (Vogt et al. 
1997). 

The video transect entails swimming along a transect line with an underwater video 
camera to record the benthic assemblages found in the sites of interest. The survey 
started by laying a 150-meter fiberglass transect tape along the 5 and 10 meter isobaths. 
The survey was done at both depths. The survey design was to record the benthic 
assemblages found along a 25-meter transect. The transects were replicated four times at 
each depth. Each transect was separated by a 10-meter gap. Each site therefore consists 
of a total of eight transects distributed equally at the two  previously mentioned depth. The 
reefs of Jessie Beazley, Basterra, Cawili, Calusa, and Arena have three sites each while 
Tubbataha and Cagayancillo have seven and five, respectively. Established monitoring 
sites were relocated using the GPS (Global Positioning System) , which was also used to 
mark the newly established sites. 

A SCUBA diver slowly swims (at a rate of approximately 15 minutes per 25 meters) along 
the transect line with the video camera oriented perpendicular to the reef surface. The 
camera was set at the widest angle to capture a wide area as possible. The distance 
between the reef surface and camera was maintained at 40 cm. A stainless steel rod was 
attached to the housing to ensure consistency of the 40 cm distance. A 15 cm rod was 
attached perpendicular to the steel rod which was used as a scale bar. 

Benthos point intercept transect 

The benthos point intercept transect is the method used to estimate the relative 
abundance of sessile benthic and non-living organisms observed within a defined area. 
This method uses lifeform categories that provide a physical description of the benthic 
community of coral reefs. 

This method served as a back-up data for the video transects in case of problems with the 
latter. The survey was done on the same transect line as that of the video transect. The 
transect length of this method was reduced from 25 meters (as that of the video transect) 
to 20 meters to reduce the bottom time of the divers. There were four replicate transects. 
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Each transect was separated again by a 10-meter gap. The survey was conducted at two  
depths: 5 and 10 meters. 

A SCUBA diver used a stainless steel rod, fabricated to form a V-shape, to be used as 
reference points for the survey. The sampling stations were set every 0.5 meter. The V-
bars were used to increase the data points per sampling station. This was done by placing 
the interconnecting point of the V-bar on the 0.5 sampling mark while the two proximal 
ends of the bars were pointing to the right. The diver then identified the lifeforms beneath 
the sampling mark and the proximal end of the bar. At this point, we have three data point 
at one sampling station. The diver then flipped the bar to the left (180 degrees relative to 
the former position) and again identified the lifeforms of the benthic assemblages beneath 
the two proximal ends. A total of five data points were gathered at one sampling station. A 
total of 205 data points were gathered from a 20-meter transect. 

Data processing 

Video transect 

A single videotape contains four transect footages at a particular depth. The time at the 
start and end of each transect was recorded. The tape is played and paused to extract the 
data out from the footage. The formula used to get the time of each stop to generate a 
total of 50 non-overlapping frames from a single transect is as follows: 

Equation 1.1: Time for each stop used for extracting data from the video footages 
Time of stops = Time end – time start 
   Number of frames (50) 

Five points (located at the four corners and the middle) were placed on screen to be used 
as reference points for identification. The lifeforms of the benthic assemblages beneath 
the five reference points were recorded. A total of 250 data points were collected from one  
transect. 

The percentage cover of each lifeform was then computed using this formula: 

Equation 1.2: Percentage cover for each lifeform using the video transect method 
Percentage cover of Lifeform A = Total data points of Lifeform A  X  100 
     Total data points of the transect 

A master table of the percentage cover of all lifeforms in each transect across all sites was 
generated. 

The lifeforms from the master table were then categorized into the six major benthic 
categories (hard corals, dead corals, soft corals, abiotics, algae, and other fauna). This 
was done by adding the lifeforms that fall under each category. 

The benthic indices were then computed based on the categories mentioned above. 
These indices provide additional information on the condition of the reef. The benthic 
indices were computed as follows: 

Equation 1.3: Benthic indices to estimate current status of the reef 
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a. Condition index =  LOG  Live coral   
      Dead coral + Algae + Other fauna 
 
b. Mortality index =            Dead coral  
     Live coral + Dead coral 
 
c. Development index = LOG Live coral + Dead coral + Algae + Other fauna 
        Abiotic 
 
d. Succession index 1 = LOG  Algae   
      Dead coral      +      Other fauna 
 
e. Succession index 2 = LOG  Other fauna  
      Dead coral        +         Algae 
 
Where: Live coral = hard coral + soft coral 
  Dead coral = dead coral + dead coral with algae 

The standard error of the mean for each site was computed. This was possible due to the 
replication of transects within a site. 

The results of the benthic categories and indices were summarized in a series of graphs to 
show the trends across sites. The trends across sites were described for both depths. 

The temporal trend for the benthic categories and indices was also determined by 
summarizing the data of the previous years into a single graph. This would show any 
deterioration or improvement in the condition of the reef. Only the data from Tubbataha will 
be compared since it is the only site that has pre-existing data from 1997. Only the deep 
transect data were used for the temporal trend since it is the depth that has been 
constantly surveyed in the previous years. All benthic categories were included in the 
graph but for the benthic indices, only mortality, condition, and development index were 
considered. 

Benthos point intercept transect 

The data were then transferred from the underwater slates to the data sheets and then 
transcribed to electronic format. The percentage cover for each lifeform was computed 
using this formula: 

 

Equation 1.4: Percentage cover for each lifeform using Benthos Point Intercept Transect  
Percentage cover of lifeform A = Number of points of lifeform A              X 100 
     Total number of points in the transect 

A master table was again generated to show the percentage values across sites. The data 
processing for this method followed that of the video transect method. The following sets 
of data were generated: percentage cover of all lifeforms across sites; percentage cover of 
the six major benthic categories; and five benthic indices (condition, mortality, 
development, succession 1, and succession 2). The temporal trend was no longer 
considered since it was only done for two years (1999 and 2001). 
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Data analysis 

Correlation between methods used 

To determine whether there are any differences in the results brought about by the 
methods used, the data on the percentage cover of the benthic categories for the video 
transect were correlated with the same data set from the benthos point intercept transect 
method. The data used came from the set with common sites. If the correlations are high, 
it means that the results will be the same regardless of the method used. SPSS© for 
Windows™ release version 11.0  (SPSS Inc. 1989-2001)  was used for this analysis. 

Spatial analysis 

The master table of the percentage cover of each lifeform was converted into a matrix of 
lifeform x site format where the columns are considered as the samples while the rows are 
the variables. This matrix was used for the multivariate analysis. The data set was 
simplified by taking the average of the replicate transects resulting to an average 
percentage cover for each site. A similarity matrix was generated by computing the 
similarity using the Bray-Curtis similarity index comparing between samples. A cluster 
analysis was used to illustrate which sites were similar in terms of benthic characteristics. 
The Bray-Curtis measure and between-group average were used as the index of similarity 
and cluster methods, respectively. The PRIMER-E™ v.5 for Windows software (Clarke 
and Gorley 2001) was used for this analysis. 

Temporal trend 

The data for the benthos point intercept in the deep transect was used to determine the 
temporal trend of the coral cover in Tubbataha, Jessie Beazley and Cagayancillo. This is 
for consistency of the data through time. 

Temporal analysis 

The same method described in the spatial analysis was also applied on the percentage 
cover data in the preceding years. The clustering of the sites for each year was compared 
against one another to determine any shifts in clustering. Any shifts in the clustering of the 
sites indicate changes in the benthic community structure. Only the data for Tubbataha 
were used for this analysis since this is the only site that has pre-existing data since 1997. 

Results 

Correlation between methods used 

Both methods used for the survey utilize a five-point reference system where it tends to 
miss-out small coral colonies and organisms as compared to the usual line intercept 
transect method. Table 1 shows the correlation coefficient and Analysis of Variance 
(ANOVA) results for each of the benthic categories tested. Abiotic, hard and soft coral 
categories have high correlation coefficients while algae, dead corals and other fauna 
have lower coefficients. 
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Table 1. Comparison between methodology used for benthic survey
(Video transect method and Benthos point intercept
transect method)

Categories Correlation coefficient F stat P value Conclusion
Abiotics 0.915 2.170 0.155 not significant
Algae 0.464 0.613 0.442 not significant
Dead corals 0.434 10.249 0.004 significant
Hard corals 0.909 0.659 0.426 not significant
Other fauna 0.327 0.746 0.397 not significant
Soft corals 0.820 0.221 0.643 not significant

ANOVA: Single factor

 

Results of the ANOVA (Table 1) showed that there were no significant differences in 
percentage cover of the five benthic categories using either method. It was only the dead 
coral category that had significant differences between methods. 

Since both methods were relatively similar, we would be using only one method to 
represent the benthic community for this report. We would be using the data from the 
video transect because it covered more sites at both depths and had a constant number of 
replication across all sites. 

Trends across sites 

Lifeform and benthic categories 

Figure 1 shows the average percentage cover of the hard corals, dead corals and abiotic 
components of the reef across the 23 sites from Jessie Beazley Reef all the way to 
Cagayancillo. Most sites have high percentage cover of live corals except for sites 3 and 4 
of Tubbataha which was dominated mostly by sand and rubble, respectively. Site 2 of 
Cagayancillo was also dominated by a combination of rubble, rock substratum and sand. 
The abiotic cover in site 3 of Tubbataha and site 2 of Cagayancillo are inherent to the sites 
but for site 4 of Tubbataha, the high rubble cover was due to breakage of branching corals 
brought about by constant battering of strong wave surges emanating from both northeast 
and southwest directions. 
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Figure 1. Percentage covers of hard corals, dead corals and abiotic components of the reef across all sites (Dead 
corals = DC + DCA; Live corals = Hard corals + Soft corals) 

Classifying the sites according to reef formation, Jessie Beazley, Basterra and Tubbataha 
Reefs are considered atoll reefs while Calusa, Cawili, Arena and Cagayancillo are fringing 
reefs. There is no clear-cut trend in percentage cover in any of the three benthic 
categories between atolls and fringing reefs. Overall, the condition of the reefs in all sites 
ranges from poor to excellent. This is based on the quartile categories suggested by 
Gomez et al. in 1994. 

The percentage cover of the dead corals was very low. This indicates that mortality is not 
very extensive in the area. 

Benthic indices 

Condition index 

The condition of the reefs varies between sites where site 1 of Jessie Beazley Reef had 
the best condition while sites 1 and 3 of Cagayancillo had the worst condition (Fig. 2). The 
resulting index depends on the live coral cover relative to the cover of dead corals, algae 
and other fauna.  
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Figure 2. Condition index across sites based on the computed benthic categories. Error bars are in standard error 
(SE). 

High live coral cover to low algae + other fauna + dead cover ratio yields a high condition 
index. This was the case for most of the sites. Conversely, a site with a low live coral cover 
and a subsequently high “bad condition components” will yield a low condition index. This 
is true for sites 1 and 3 for Cagayancillo. Equal proportion of live coral cover and algae + 
other fauna + dead coral cover yields an index close to zero. This can be seen in site 4 of 
Tubbataha and site 2 of Cagayancillo. The close-to-zero condition of Tubbataha site 4 was 
due to a low cover of all the components mentioned above and the predominance of 
abiotic cover. There is no apparent trend in the condition across sites. 

Mortality index 

Most of the sites experienced low mortality (Fig. 3). Site 2 of Jessie Beazley and site 6 of 
Tubbataha showed the highest mortality. Occurrence of coral mortality was observed to 
be frequent in fringing reefs but only at an intermediate spatial scale. On the other hand, 
sites in atoll reefs experienced low mortality incident but once observed, it occurs at a 
large spatial scale. 
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Figure 3. Mortality index across sites based on the computed benthic categories. Error bars are in standard errors 
(SE). 

The intensity of mortality is site specific. There was no apparent trend in mortality at the 
site level. 

Development index 

Development index is the proportion of the live components (hard and soft corals + algae 
+ other fauna) of the reef relative to the non-living component. High live component cover 
and low abiotic cover yield a high development index. An area with high live component 
cover has a high development potential because there are lots of organisms that will 
contribute to its recovery from a certain perturbation. On the contrary, areas with high non-
living component will have a low development potential because abiotic components do 
not contribute directly to any biological processes like reef recovery. 

All sites except sites 3 and 4 of Tubbataha showed positive development potential (Fig. 4). 
The reefs covered in Calusa showed the highest positive development index. Site 2 of 
Cagayancillo had almost a zero index indicating an almost equal proportion of living and 
non-living components. 

Sites 3 and 4 of Tubbataha have negative development index. Site 3 was dominated by 
sand while site 4 by rubble. 



 

 20

-1

-0.5

0

0.5

1

1.5

2

JB
 1

JB
 2

JB
 3

B
A

S
T 

1

B
A

S
T 

2

B
A

S
T 

3

TU
B

B
 2

TU
B

B
 3

TU
B

B
 4

TU
B

B
 5

TU
B

B
 6

TU
B

B
 7

C
A

LS
 1

C
A

LS
 2

C
A

LS
 3

C
A

W
I 1

A
R

E
N

 1

A
R

E
N

 2

A
R

E
N

 3

C
A

G
A

 1

C
A

G
A

 2

C
A

G
A

 3

C
A

G
A

 "R
"

Sites

D
ev

el
op

m
en

t i
nd

ex

Atoll reef formation Fringing reef formation

 

Figure 4. Development index across sites based on the computed benthic categories. Error bars are in standard errors 
(SE). 

Succession index for algae 

This index assumes that algae will be the initial assemblages that would recruit in the 
succession regime. This is based on the relative proportion of algae over dead corals and 
other fauna. 

Most of the sites, except for site 3 of Tubbataha, have positive succession index indicating 
that algae are the most probable assemblage that will initially colonize the open spaces in 
an area (Fig. 5). Site 3 of Tubbataha had a negative succession index indicating that algae 
is not the probable assemblage to colonize open spaces but other fauna such as sponges, 
other macroinvertebrates and marine flora. 

Succession index for other fauna 

This is the reverse of the succession index for algae where the most probable organism to 
colonize would be other invertebrates or marine flora. All of the sites except site 3 of 
Tubbataha have negative succession index (Fig. 6). Only site 3 of Tubbataha had a 
positive index indicating that it’s the only site that will probably be colonized by other 
organisms. 
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Figure 5. Succession index for algae across sites based on the computed benthic categories. Error bars are in 
standard errors (SE). 
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Figure 6. Succession index for other fauna across sites based on the computed benthic categories. Error bars are in 
standard errors (SE). 
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Spatial analysis 

Differences in the benthic community structure were localized within sites, meaning each 
site is distinct from all others. There were no clear-cut patterns that could be observed in 
the cluster analysis (Fig. 7). Each site within a certain reef was somewhat similar to other 
sites of a different reef. No generalizations could be made on the sites based on the 
lifeform categories. 
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Figure 7. Cluster analysis of the percentage cover of individual lifeforms at shallow depth using video transect method 
of all sites. The Bray-Curtis index was used as the similarity measure and the group-average as the linkage 
method. The original data matrix was square-root transformed. 

There were 4 major clusters and a single outlier formed from the analysis. First was the 
main cluster (a: which is actually the largest) which was separated at 63.23 similarity level. 
Second was cluster b composed of site 1 to 3 of Calusa Island. Third was cluster “c & d” 
composed of site 3 and 4 of Tubbataha Reef connected with cluster a and b at 59.76 
similarity. Fourth was cluster e composed of sites 6 of Tubbataha and “r” (within the 
marine “reserve”) of Cagayancillo which was connected with cluster a to d at 56.25 
similarity. The outlier was site 1 of Jessie Beazley (f) which was connected with the rest at 
53.55. 

A multidimensional scaling was performed to verify the results of the cluster analysis and 
to easily visualize the relationship between sites based on the lifeform categories. Figure 8 
clearly illustrates 4 major clusters from the cluster analysis which were designated the 
same way as above. 

b 

c “& d” 

a 

e 
f 

TUBB = Tubbataha JB = Jessie Beazley BAST = Basterra CAWI = Cawili 
AREN = Arena CALS = Calusa CAGA = Cagayancillo 
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Cluster a (also Fig. 8a) contains bulk of the sites and was subdivided into 3 subgroups 
labeled as weak, moderate and strong. Cluster b (Fig. 8b) is composed of sites 1-3 of 
Calusa. Cluster c & d (Fig. 8c and 8d) are composed of Tubbataha 3 and 4. Cluster e 
(also Fig. 8e) is composed of site 6 of Tubbataha and the marine reserve of Cagayancillo 
(caga “r”). The outlier is Fig 8f. 

 

Figure 8. Multidimensional scaling (MDS) of the percentage cover of individual lifeforms at shallow depth using video 
transect method of all sites. Minimum stress value was at 0.13 which occurred 8 times after 10 iterations. 

The groupings (and or clustering in the case of cluster analysis) were based on the 
dominance of a certain lifeform occurring within the site. Most of the sites were dominated 
by massive corals (cluster a) but the sites within this cluster were subdivided depending on 
the relative influence of this lifeform in a site relative to the other sites. These were labeled 
as weak, moderate and strong. These were gauged from the sizes of the bubble for each 
site. The subdivision also corresponds with the subclusters of cluster a in the cluster 
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analysis (compare with Fig. 7). Cluster b separated from the others due to dominance of 
encrusting corals. Clusters “c and d” were due to rubble and sand, respectively. Cluster e 
was due to branching Acropora. The outlier (f) was due to the dominance of the fire coral 
Millepora.  

Temporal trends 

Tubbataha Reefs 

Figure 9 shows the changes in percentage cover of the benthic categories in the 
Tubbataha Reef National Marine Park. There was a drastic decrease in hard coral cover 
from 1997 to 1999 but gradually increased from then on indicating recovery. There was 
also a decrease in the soft coral cover from 1998 to 1999 and remained almost constant 
until 2002. 
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Figure 9. Percentage cover of the 6 major benthic categories from 1997 to 2002 in Tubbataha Reef National Marine 
Park. Error bars are in standard error (SE). 

There was no apparent trend in the cover of the abiotic component since the percentage 
values showed erratic behavior through time. The percentage cover of algae, on the other 
hand, suddenly increased in 1999 followed by a decrease from 2000 to 2001 and 
increased again in 2002. There was a sudden increase in the dead coral cover in 2000 
and continued until 2001 but decreased in 2002. The percentage cover of the other fauna 
started to decrease from 2000 until 2002 from its sudden increase in 1999. 
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Jessie Beazley Reef 

The hard coral cover of Jessie Beazley Reef showed an alternating increasing and 
decreasing pattern from 1998 to 2002 but experienced a dramatic decrease in 2002 
where it fell below 10% (Fig. 10). The soft coral cover also showed the same trend as that 
of the hard corals. 
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Figure 10. Percentage cover of the 6 major benthic categories from 1998 to 2002 (except 1999) in Jessie Beazley Reef. 
Error bars could not be estimated due to absence of raw data for computation in the previous years. 

The abiotic cover showed a continuous decrease in cover from 2000 to 2002. The algal 
cover, on the other hand, showed a sudden increase from 2001. The dead coral cover 
showed a constant increase in coral cover. The increase in algal and dead coral cover is 
indicative of the deteriorating reef health. The cover of the other fauna component showed 
no clear trend indicative of the status of the reef. 

Cagayancillo Reef 

The monitoring of the Cagayancillo only started last year therefore only two sets of data 
were used to interpret temporal changes. There was a decrease in the hard coral, abiotic, 
dead coral, and other faunal cover from 2001 to 2002 (Fig. 11). The soft corals and algal 
cover, on the other hand, increased. 
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Figure 11. Percentage cover of the 6 major benthic categories from 2001 to 2002 in the Cagayancillo Reef system. 

Error bars could not be estimated due to absence of raw data for computation in the previous years. 

 

Temporal analysis 

Figure 12 shows the result of the cluster analysis of the percentage cover of the different 
lifeforms for each site in Tubbataha Reef from 1997 to 1998 and 2000 to 2002. In 1997 
(Fig. 12a) there were two main clusters which were connected at 57.55 similarity level. 
The first cluster was composed of site 1 being closely related to site 3 while the second 
cluster was composed of site 2 being closely related to site 4. Site 5 was similar to site 2 
and 4 which was connected at 73.34 similarity level and site 7 was similar to sites 2, 4 and 
5 at 70.57 similarity level. This pattern of clustering is indicative of the similarity in benthic 
characteristics of each site. 

The clustering pattern from 1997 changed in 1998 (Fig. 12b.) but basically retaining the 
cluster composition at a lower similarity level. There were still two major clusters 
connected at 66.96 similarity level. The first cluster was composed of sites 2, 7 and 6 
where site 2 was closely related to site 7 and joined by site 6 at 71.15. The second cluster 
was composed of site 5 being closely related to site 1 and site 3 similar to sites 1 and 5 at 
73.47 similarity level. The clustering of the individual site has changed but the composition 
of the major clusters was retained except that site 5 shifted its linkage to sites 1 and 3. 

The absence of one particular site in the previous year, its presence in the following year, 
followed by the absence of another site, makes it difficult to interpret and make a concrete 
conclusion on the resulting patterns. This is true for the data of 1997 and 1998. For 2000 
to 2002, however, all the sites were present thus the changes in the clustering patterns 
would therefore translate to changes in the benthic community characteristics. 
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Close inspection of the clustering result of 2000 (Fig. 12c.) and 2001 (Fig. 12d.) reveals 
that the clustering pattern and the cluster composition are the same for both years. There 
were two major clusters: the first cluster is composed of sites 2 and 7 joined by site 4 and 
the second cluster is composed of sites 1 and 3 joined by site 6 and further joined by site 5 
at a lower similarity level. The composition and clustering pattern for both years were 
exactly the same. For 2002 (Fig. 12 e.), the clustering pattern and composition were 
almost similar to that of 2000 and 2001 except that site 5 separated from the two major 
clusters and became an outlier. 

 

TUBB 7

TUBB 5

TUBB 2

TUBB 4

TUBB 1

TUBB 3

50 60 70 80 90 100

TUBB 3

TUBB 1

TUBB 5

TUBB 6

TUBB 2

TUBB 7

60 70 80 90 100

TUBB 4

TUBB 7

TUBB 2

TUBB 5

TUBB 6

TUBB 1

TUBB 3

50 60 70 80 90 100

TUBB 5

TUBB 3

TUBB 1

TUBB 6

TUBB 4

TUBB 2

TUBB 7

50 60 70 80 90 100

TUBB 5

TUBB 6

TUBB 1

TUBB 3

TUBB 4

TUBB 2

TUBB 7

60 70 80 90 100

Figure 12. Cluster analysis of the 
percentage cover for each 
lifeform in the 7 sites of 
Tubbataha Reef National 
Marine Park from 1997 to 
1998 and 2000 to 2002. The 
Bray-Curtis similarity was 
used as the distance measure 
and Between-group average 
was used as the linkage 
method. The x-axis is the 
similarity scale. 
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Discussion 

Correlation of methods used 

Monitoring of the benthic community in Tubbataha Reefs started in 1997. It was only in 
2002 that the monitoring protocol has been standardized. The monitoring method and 
design changed through the years. This has some implications on the comparability of the 
data from each site through time. The problem was addressed by using two survey 
methods and comparing the results of one versus the other. The abiotic, hard coral and 
soft coral categories had a high correlation coefficient because lifeforms under these 
categories are easy to identify using either method. Algae and other fauna are harder to 
differentiate using the video transect method because it was dependent on the resolution 
of the video unit. This explains the low correlation coefficient. The dead coral category had 
low coefficient due to observer errors committed during the survey. 

Despite the low coefficient detected in the algal and other faunal components, it was not 
significant according to the single factor ANOVA. Only the dead coral category had a 
significant difference between methods used. It was significant due to observer errors 
found in the benthos point intercept method. It was later discovered that among the four 
divers who surveyed each of the replicate transects, two could not differentiate a “dead 
coral with algae” from the “algal assemblage” category, thus some of the data points for 
the latter were lumped to the “dead coral with algae” category. This created a cascading 
effect by shifting the weight of the data set towards a certain category. This might have 
contributed to the decrease in the coefficient value and a significant P value in the 
ANOVA. 

Both methods are relatively similar since these are positively correlated and have a high 
correlation coefficient for the abiotic, hard and soft coral categories and the percentage 
cover of 5 out of 6 categories were not significantly different from each other. The data 
gathered for each monitoring year are therefore comparable. 

Trends across sites 

Lifeform and benthic categories 

The benthic characteristic of the coral community varies across sites. The sites were 
grouped according to reef formation but still, no general trend could be observed. This 
indicates that the present community structure of each site was shaped by the 
environmental forces that affect the area as well as the history of disturbance that the area 
experienced. In Tubbataha alone, each site differed from the other. Most sites were 
characterized by high percentage cover of live hard corals but sites 3 and 4 had high 
cover of sand and rubble, respectively (Figure 1). The high sand cover in site 3 was 
inherent to the site because it is a sand reef with large patches/mounds of live hard corals. 
The high abiotic cover in this site does not imply that the area experienced any 
disturbance. Unlike site 4, where it was dominated by rubble, this site experienced 
disturbance brought about by the strong wave action. 

Benthic indices 

A clear status of the reef could be seen in the results of the benthic indices. Take site 3 of 
Tubbataha for example, it was mentioned earlier that it had high percentage cover of the 
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abiotic component specifically sand. But looking at the condition index (Figure 2.), site 3 
had the third highest value among all the sites. This indicates that site 3 was in good 
condition despite the high abiotic cover. This was due to high live hard coral cover as 
compared to the algae and other fauna component which was considered contributing to 
the bad condition of the reef. Despite the good condition, however, site 3 of Tubbataha 
had a negative development index (same with site 4; Figure 4). This indicates that the site 
is vulnerable to degradation once a disturbance hits the area and that recovery will be 
slow. This is due to the high abiotic component which does not significantly contribute to 
the recovery or development of the reef. 

The result of the mortality index (Figure 3) shows differences in mortality between the reef 
formations. Mortality was more frequent in fringing reefs than in atoll reefs but the level of 
mortality in the former was only intermediate as compared to the latter which experienced 
high mortality level. The high frequency in mortality across sites in fringing reefs was due 
to the presence of fishing activities in the area. The accessibility to the reef area is a major 
factor that contributes to the mortality of corals but the impact of these anthropogenic 
activities only occurs at an intermediate level. In atoll reefs, the mortality is less frequent 
but occurs at high intensity. Environmental factors may have caused the mortality in these 
remote areas. Natural disturbances are characterized by high intensity but are less 
frequent and cover a large spatial scale. 

Spatial analysis 

The benthic community structure differs between sites even within the same reef. This 
resulted in the clustering of the different sites belonging to other reef areas (Figure 7). 
Upon close inspection of the dendrogram, it was revealed that some sites clustered 
together indicating that that particular reef is unique (Calusa Reef). The different sites 
clustered according to the benthic components that are common for all. Member sites of 
cluster a are characterized by the predominance of massive corals where its subclusters 
are dictated by the degree of influence of the massive corals in the community structure 
(Figure 7 and Figure 8a). It indicates that these are high energy sites (exposed to strong 
wave action). All the sites in Calusa are characterized by the predominance of encrusting 
corals. This is the only reef where all sites clustered together. 

Clusters c and d are characterized by high percentage cover of abiotic components 
specifically rubble and sand. Members of this cluster include sites 3 and 4 of Tubbataha. 
These are the only sites with very high abiotic components. The marine reserve site in 
Cagayancillo (CAGA “r”) and site 6 of Tubbataha belongs to cluster e due to the 
dominance of branching Acropora. This indicates that the sites are protected from strong 
physical stresses like wave action. Site 1 of Jessie Beazley Reef was considered as an 
outlier because this is the only site with high percentage cover of fire corals (Millepora sp.). 

The data presented above could be used in the formulation of management strategies for 
various sites. Knowing that for example, site 3 of Tubbataha is still in good condition and 
the site has a low development potential, this site should therefore become a priority site 
for conservation by limiting diving activities in the area. This site also holds the highest 
concentration of reef sharks which, therefore, increases the need for conservation. Site 4, 
on the other hand, is constantly being disturbed by wave action and could therefore be 
least prioritized. This site, however, has a potential for recovery (despite the negative 
development index) because rubble is a better recruitment substrate than sand. High 
density coral recruits growing on the rubble basin were obrseved. Sites 5 and 6 of 
Tubbataha are a monospecific bed of Acropora brueggemanni which has a branching 
lifeform. This lifeform is susceptible to breakage. The mere fact that it was able to 
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proliferate in these areas, it is indicative that water motion is weak. The only source of 
breakage could be from diving activities. These areas should be classified as a “no-touch” 
zone or “hovering” zone. 

Temporal trends 

Atoll reefs are affected mostly by natural forces such as wave action, storm damage, 
biological outbreaks, bleaching event caused by climatic changes, and to some extent, 
human activities specifically dive tourism. Some atoll reef areas are open for fishing like 
Jessie Beazley and Basterra Reefs while Tubbataha is very well excluded from these 
activities except during events like illegal intrusion. Fringing reefs like those in 
Cagayancillo, Calusa, Arena, and Cawili are subjected to fishing pressure from the local 
inhabitants as well as those from the surrounding provinces. The changes observed in 
atoll reefs could be attributed to the natural forces while those in fringing reefs could be 
due to natural and anthropogenic forces. 

Tubbataha experienced a sharp decline in live hard coral cover from 1997 to 1999. This 
could be due to the massive bleaching event that occurred in 1998. The hard corals that 
died were covered by algae which contributed to the upsurge of the algal cover in 1999. 
When the perturbation stopped, the reef gradually recovered as seen in the increase in 
hard coral cover from 1999 to 2002. The trend in Jessie Beazley and Cagayancillo is hard 
to determine because the reefs are open to fishing. It is difficult to differentiate the cause of 
such decline in coral cover for both sites without any direct empirical testing. Nevertheless, 
the reefs in Tubbataha are (averaging the percentage cover for all 7 sites) in fair condition 
(range is 25-49.9%) from 1997 to 2002. Jessie Beazley dropped from good to poor (0-
24.9%) and Cagayancillo also dropped from fair to poor (scaling is available in Gomez 
et.al 1994). The conservation effort (protection from fishing) enabled Tubbataha Reefs to 
sustain its “healthy” condition and to exhibit resilience from disturbance. 

The cluster analysis of the sites in Tubbataha for each year (Figure 12) shows the 
similarity of sites based on dominant lifeforms present in the area. Consistency in the 
cluster members from year to year indicates that no changes occurred in the benthic 
community. This is true from 2000 to 2002 where the cluster members remain similar. 
Differences only occurred in the level of similarity for each year. Clustering of sites 1, 3, 6 
and 5 showed a common characteristic which is the sheltered condition of these sites. 
Sites 7, 2 and 4 clustered together due to its exposed condition. The clustering was 
consistent for the past three years. This also implies that there is stability in the system. 
This is also seen in Figure 9 where there is a gradual increase in hard coral cover. The 
difference in the increase is almost negligible based on the error bars. 

Major shifts in clustering occurred in 1997 and 1998, where site 5 clustered with sites 2 
and 4 in 1997 then shifted with sites 1 and 3 in 1998. Shifting is difficult to interpret due to 
the absence of clustering in other sites. No concrete conclusion could be made because of 
this situation. 

 

Conclusion 

The benthic community experienced changes brought about by natural and anthropogenic 
influences that enhanced either reef recovery or reef degradation. The accessibility to the 
reef is a major factor that influenced the type of disturbances to the reefs. Remote atoll 
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reefs are almost always only affected by natural phenomenon while fringing reefs 
experience pressure from natural and man-made exploitations. 

There were inherent differences in the benthic community structure in each site. These 
differences are due to the environmental conditions that each site experienced and the 
history of disturbance that shaped the community in its present form. 

At present, Tubbataha Reefs are in fair condition (since 1997) while Jessie Beazley and 
Cagayancillo are in poor condition. The exclusion of Tubbataha from fishing pressure and 
the controlled/sustainability of the diving activities gave rise to its present condition and 
resilience. 
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Chapter 

2 Fish community structure 
Fish community structure in Tubbataha Reefs and other sites along 
the Cagayan Ridge with emphasis on spatial and temporal 
variations and trophic relationships 

Marlowe Sabater 
Research Officer, WWF-Philippines 

Brief introduction 

Fishes are the most numerous and diverse of the major vertebrate groups. They dominate 
the waters of the world through a marvelous variety of morphological, physiological and 
behavioral adaptations (Moyle and Cech 1996). Reef fishes are those that inhabit or have, 
at one stage of its lifespan, utilized one of the world’s richest habitats which are the coral 
reefs. They are considered as one of the complex organisms starting from their anatomical 
structure to their community structuring. 

Reef fishes are closely tied with coral reefs and utilize this habitat for refuge as well as for 
processes needed for species survival like reproduction (spawning) and as their food 
source. A healthy Philippine coral reef produces 5-37 mt/km2 of fish (Alcala and Gomez 
1985). This adds to the importance of coral reefs for the Filipinos since more than 50% of 
our protein intake comes from seafood. Degradation of coral reef decreases the 
productivity of our coastal waters. 

Tubbataha is considered as the last frontier of the Philippine reefs. It contains 379 species 
of fish which is one of the highest diversity values in the world. Conservation of this nearly 
pristine habitat ensures supplies of fish larvae for other reefs. A metapopulation 
mechanism was proven to exist in reef fishes. Fish larvae are carried by the general ocean 
current to supply other degraded reef habitats. Fishes, being mobile animals, are able to 
migrate from one reef to another which makes them a recruit of that particular reef. 

This study aims to: 

1. determine the status of the fish stocks in Tubbataha Reefs and other related sites 
along the Cagayan Ridge; 

2. determine the spatial distribution of reef fish species; 

3. determine the trend in biomass and density of reef fishes through the years; 

4. determine the physical and biological processes that affect the spatial distribution 
and temporal trend of reef fishes. 
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Methodology 

Field survey 

The visual fish census modified from English et al. (1997) was used to estimate the 
variety, number and size of different kinds of fish in conjunction with benthic surveys on 
permanent transects. The survey was done on the same transect used by the video and 
benthos point intercept transects. It was carried out at two depths: 5 and 10 meters. The 
total length of the transect was 100 meters. Sampling stations were set at every 5 meters. 
The size and number of fish encountered in every sampling station were recorded and 
identified to the species level. 

Each site has only one transect. There were no replicate transects due to lack of 
manpower. The standard error for each site cannot be computed due to lack of replication. 

Data processing 

Biomass estimates 

Biomass estimates (mt/km2) were calculated for each species using length-weight 
relationships (Kublicki et al. 1993) as shown in this formula: 

Equation 2.1: Length-weight relationship to estimate biomass 
W = a * Lb 

 
Where: W = weight (g) 
  L = estimated length (cm) 
  a = the multiplicative factor 
  b = the exponent (b>1) 

The values for a and b parameters were taken from existing length-weight relationship 
data (ICLARM fishbase) and from Reefsum database program (Uychiaoco, 1998 
unpublished). 

A master list of fish species was generated and the biomass and density for each species 
were tallied according the sites where they were found. A matrix of “species X biomass 
across site” and “species X density” was constructed. 

The biomass and density of selected families which belong to the commercially important 
or “target” species (Serranidae, Acanthuridae, Lutjanidae, Haemulidae, Lethinidae, 
Scaridae, Labridae, Caesionidae and Carangidae) and “indicator” groups 
(Chaetodontidae) were compared across sites. This showed which sites were dominated 
by a certain kind of fish family. 

The fish species were classified into more general groupings to show trends across sites. 
Each species was assigned to various fish categories depending on their position in the 
water column (long range pelagics, reef pelagics, demersal, bottom rover, bottom clingers, 
bottom hiders) and their position in the trophic hierarchy (planktivores, omnivores, 
herbivores, carnivores, corallivores). The biomass and density based on these 
classifications were compared across all sites. 
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The biomass and density of the target and indicator species were compared with those of 
the preceding years (1998 to 2001). This showed the temporal trend in biomass and 
density of some important fish families. The same procedure was used for the trophic 
groups. This would indicate changes in the fish community structure brought about by the 
shifts in its trophic regime. These shifts could have been caused by changes in the 
physical and biological environment in a particular site. Only the Tubbataha data set was 
used to determine the temporal trend since it is the only site with pre-existing data. 

Data analysis 

Temporal analysis 

A parametric ANOVA was used to determine significant differences in fish biomass and 
density comparing among families between years of the target, indicator, and major fish 
families. Log transformation was used to transform the biomass and density data to 
achieve homoscedasticity (to reduce variation between values). A Tukey type multiple 
comparison test was used to determine which year was different. 

In cases where homoscedasticity could not be achieved, a Kruskall-Wallis non-parametric 
test will be used to determine significant differences between samples.  

Results 

Density and biomass across sites 

Target species 

Fishes that were categorized as target species are those that have high commercial 
value,as a food products or in the aquarium trade. Seven major families were included in 
the target fish category. The family Labridae (wrasses) was subdivided into 2 subfamilies: 
Bodianinae and Cheilininae because these subfamilies were the most highly priced under 
the family Labridae. Family Acanthuridae includes the surgeon and unicorn fishes while 
Haemulidae are commonly known as sweetlips. Lethrinidae and Lutjanidae (the emperor 
and snappers, respectively) are common fishes with commercial values in the Philippines. 
Family Scaridae are commonly known as parrot fishes. Only the groupers (Family 
Serranidae, Sub-family Epinephelinae) are considered as the target species and its co-
family member, the fairy basslets (Sub-family Anthiinae), was considered under the major 
species category. 



 

 36

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

500000

JB
 1

JB
 2

JB
 3

BA
ST

 1

BA
ST

 2

BA
ST

 3

TU
BB

 1

TU
BB

 2

TU
BB

 3

TU
BB

 4

TU
BB

 5

TU
BB

 6

TU
BB

 7

C
AG

A 
1

C
AG

A 
2

C
AG

A 
3

C
AG

A 
4

C
AG

A 
5

C
A

LS
 1

C
A

LS
 2

C
A

LS
 3

C
AW

I 1

C
AW

I 2

C
AW

I 3

A
R

E
N

 1

A
R

E
N

 2

A
R

E
N

 3

Sites

Fi
sh

 d
en

si
ty

 (i
nd

iv
/k

m
2 )

0

5

10

15

20

25

30

35

40

Fi
sh

 b
io

m
as

s 
(m

t/k
m

2 )

Acanthuridae density Haemulidae density LabBodianinae density LabCheilininae density
Lethrinidae density Lutjanidae density Scaridae density Sepinephelinae density 
Acanthuridae biomass Haemulidae biomass LabBodianinae biomass LabCheilininae biomass 
Lethrinidae biomass Lutjanidae biomass Scaridae biomass SEpinephelinae biomass

 

Figure 1. Density (mt/km2; in bar graphs) and biomass (mt/km2; in line graph) of the target species (those with high 
commercial values) found at shallow depths (15 ft) across all survey sites in 2002. 

Figure 1 shows the fish density (individual/km2) and biomass (mt/km2) of the 7 target 
families at 15 ft depth across all the survey sites. The fish densities are represented by the 
bar graphs while the fish biomass are the point represented by the legends. The broken 
lines were added for easy visualization of the trends across sites and do not signify that 
measurements were taken in between sites. 

Majority of the sites exhibited high density of acanthurids (23 out of 27 sites). It was 
followed by the subfamily Cheilininae. Sub-family Cheilininae had the highest density in 3 
out of the 27 sites: site 6 of Tubbataha (TUBB6); site 3 of Cawili (CAWI3); and site 2 of 
Arena Reef (AREN2). The sub-family Bodianinae topped the other families in terms of 
density in site 1 of Calusa (CALS1) but its highest density can be found in site 1 of Arena 
Reef. Snappers had the highest density value in site 2 of Jessie Beazley Reef (JB2) while 
larger numbers of sweetlips are found in site 7 of Tubbataha. Groupers had the highest 
density in site 3 of Tubbataha. The densities of the other families were 2 to 3 order of 
magnitude lower than the families earlier described. The density varies among families 
within and among sites. 

Family Acanthuridae also had the highest biomass in 25 out of 27 sites. The trend 
biomass closely resembles the trend in density across sites except in site 4 of 
Cagayancillo and site 3 of Arena. Both sites had an increase in density but a decrease in 
biomass. This is indicative that these sites had numerous fish but are relatively small in 
size. 

Other families had a higher biomass than acanthurids in two sites. Site 3 of Tubbataha 
had a high biomass of Sub-family Cheilininae followed by Scaridae while site 7 of the 
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same reef had a high biomass of Scaridae. The biomass of Families Lutjanidae and 
Lethrinidae and Sub-families Bodianinae, Cheilininae and Epinephelinae had a low 
fluctuation which was consistently below 5 mt/km2 across all sites (except for site 3 of 
Tubbataha where Cheilininae exhibited a high biomass). The biomass of Haemulidae 
achieved two peaks which were in site 7 of Tubbataha and site 3 of Cagayancillo while the 
rest of the sites had low biomass. Family Acanthuridae and Scaridae had large 
fluctuations across all survey sites. 

Indicator species 

Indicator species are those fish species whose presence in the reef is hypothesized to 
approximate reef health. High density and biomass of these species indicate that the reef 
area is in good to excellent condition. Included in this category were the family of the 
butterflyfishes (Chaetodontidae) and angelfishes (Pomacanthidae). These families were 
strongly associated and are strict inhabitants of the reef. 

Seventeen out of 27 sites were characterized by high density of butterflyfishes while nine 
sites had a high density of angelfishes (Figure 2). Site 3 of Cawili had an equal density of 
butterflyfishes and angelfishes. The density of butterflyfishes ranges from a low of 14,000 
individuals/km2 in site 1 of Calusa to a high of 216,000 individuals/km2 in site 2 of Jessie 
Beazley. The lowest density of angelfishes can be found in site 1 of Jessie Beazley where 
it was not present and the highest (88,000 individuals/km2) can be found in site 3 of 
Cagayancillo. 

The biomass of family Chaetodontidae was consistently higher than that of 
Pomacanthidae across all the survey sites except in site 2 of Calusa. The highest biomass 
(4.93 mt/km2) of the butterflyfish can be found in site 2 of Jessie Beazley Reef while the 
lowest (0.07 mt/km2) can be found in site 1 of the same reef. The biomass of 
Pomacanthidae was consistently below 1 mt/km2 across all sites. The biomass values 
range from the absence of this family in site 1 of Jessie Beazley Reef to a maximum value 
of 0.77 mt/km2 in site 2 of Calusa which also had a higher biomass of angelfishes than 
butterflyfishes. 

The trend of the density of angelfishes is the same with its biomass within a certain reef 
area where there was an increase in biomass in every increase in density. For 
butterflyfishes, however, there were variations in the trend depending on the reef area. In 
site 2 of Tubbataha, there was a decrease in density but the biomass increased. This 
indicates that there are fewer but larger individuals of butterflyfishes in the area. For sites 3 
and 4 of the same reef, there was an increase in density but a decrease in biomass. This 
indicates that there are more of the smaller individuals of butterflyfishes in the area. 
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Figure 2. Density (mt/km2; in bar graphs) and biomass (mt/km2; in line graph) of the indicator species (those that are 
known to represent reef condition) found at shallow depths (15 ft) across all survey sites in 2002. 

Major species 

Major species includes the family of damselfishes (Family Pomacentridae) and fairy 
basslets (Family Serranidae, Sub-Family Anthiinae). These families are separately 
categorized because this group constitutes the bulk of the density of the fishes in the reef. 
The individuals under these families occur by the hundreds of thousands, if not, millions 
per km2. Including these with the other families would underrate the values and 
representations of the fishes that naturally occur in low numbers. This group has a wide 
distribution both at local and regional scales. Damselfishes and fairy basslets have low 
commercial value as food item but have high value in the aquarium trade. 

Figure 3 shows the density (individual/km2) and biomass (mt/km2) of Family 
Pomacentridae and Family Serranidae (Sub-Family Anthiinae). The first and second Y-
axes were truncated to increase resolution of the density and biomass values at lower 
levels. The truncated values are shown beside the affected graphs where biomass has 
legends before the actual values while density values are found to the right of the affected 
bar graphs. 
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Figure 3. Density (mt/km2; in bar graphs) and biomass (mt/km2; in line graph) of the major species (those that 
comprise bulk of the fish abundance) found at shallow depths (15 ft) across all survey sites in 2002. The first 
(fish density) and second (fish biomass) Y axes were truncated to decrease the scale increase the resolution 
values at lower levels for easier visualization of the trend. The actual values of the truncated bars and lines 
(with legends) are shown to the right of the affected graphs. 

Family Pomacentridae has the highest density among the major species. Twenty-four out 
of 27 sites were characterized by high density of damselfishes where the highest density 
could be found in site 6 of Tubbataha (3,146,000 individual/km2) and the lowest density 
was at site 1 of Jessie Beazley (462,000 individuals/km2). Only three sites showed high 
abundance of fairy basslets over damselfishes (sites 2 and 3 of Calusa and site 1 of 
Arena). The highest density of this group can be found in site 3 of Calusa (9,720,000 
individuals/km2). They were not found in site 3 of Jessie Beazley and sites 2 and 4 of 
Tubbataha. 

The biomass of Pomacentridae was consistently higher than Anthiinae across all survey 
sites. The highest biomass of damselfishes was at site 3 of Calusa (19.46 mt/km2) while 
the lowest was at site 1 of Jessie Beazley (0.26 mt/km2). Fairy basslets were absent or 
undetected in site 3 of Jessie Beazley and sites 2 and 4 of Tubbataha while it had the 
highest biomass in site 3 of Calusa (8.34 mt/km2). Although the density of fairy basslets in 
site 3 of Calusa was 3.6 times greater than damselfishes, the latter has a greater biomass 
than the former. The weight of the 2,686,000 damselfishes far exceeds the weight of the 
9,720,000 fairy basslets combined. This indicates that the damselfishes in this site are by 
far much larger than the fairy basslets. 

The trend of the biomass of Anthiinae follows the trend of its biomass where an increase 
in density had a concurrent increase in biomass. For Pomacentrids, however, (particularly 
for site 6 of Tubbataha) an increase in density did not result in an overall increase in 
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biomass. This indicates that the site is characterized by a dense population of 
damselfishes but of small sizes. The reverse could be observed in site 2 of Calusa where 
there were few large-sized damselfishes. 

Trophic groups 

Each fish species was assigned to a certain trophic group depending on their primary food 
source. The trophic categories are as follows: 

Carnivores:  fishes that feed on other smaller fishes and other macro marine animals 

Corallivores: fishes that feed on coral (with or without the skeleton) 

Ectoparasites: fishes that feed on parasites found on the scales of other fish 

Herbivores:  fishes that feed on marine algae (filamentous or macroalgae) 

Nekton feeders: fishes that feed on other animals that are not dependent on water current for 
movement 

Omnivores:  fishes that feed on both marine animals and plants 

Zoobenthic feeders: fishes that feed on micro, meio, and macro fauna found on the reef floor 

Zooplanktivores: fishes that feed on zooplanktons 

Analysis using trophic categories aims to explore the functional aspect of the reef system. 
This could imply abundance of the food source in each site which could then be related as 
to how the energy from the food eaten was used. 

Figure 4 shows the density and biomass of each trophic group across all survey sites. The 
graphs were again truncated to increase the resolution of the values at lower levels. 
Zooplanktivores had the highest density over the other trophic categories across all sites 
(21 out of 27 sites). Highest density of zooplanktivores was found in site 3 of Calusa 
(12,598,000 individual/km2) followed by site 6 of Tubbataha (5,692,000 individual/km2) and 
site 3 of Cawili (4,024,000 individual/km2). Omnivores had the second highest density 
where it achieved the highest density in six out of 27 sites. Among the trophic categories, 
herbivores ranked as the third most abundant. Carnivores had its highest density in site 2 
of Basterra (552,000 individual/km2). The corallivores, ectoparasite, zoobenthic and 
nekton feeders had low densities across sites. 

The biomass of the different trophic categories varies from site to site. Ten out of 27 sites 
were dominated by zooplanktivores, nine sites by omnivores, six sites by herbivores, and 
one site each by carnivores and nekton feeders. Zooplanktivores, omnivores, herbivores, 
carnivores and to some extent, zoobenthic feeders had a highly fluctuating biomass 
across sites. Only corallivores, zoobenthic feeders, and ectoparasites had a very low 
biomass across all survey sites. Site 3 of Calusa had the highest biomass of 
zooplanktivores reaching to 132.23 mt/km2. 

Tubbataha holds the highest biomass of the different trophic categories. Site 3 had the 
highest biomass of nekton feeding fishes (250.11 mt/km2) while large herbivores and 
omnivores could be found at site 7 (34.86 and 27.68 mt/km2, respectively). The biomass of 
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zoobenthic feeders was at the highest in site 5 at 26.67 mt/km2 while the carnivore 
biomass was highest in site 2 (31.69 mt/km2). 
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Figure 4. Density (mt/km2; in bar graphs) and biomass (mt/km2; in line graph) of each trophic groups (based on the 
species’ diet) found at shallow depth (15 ft) across all survey sites. The first (fish density) and second (fish 
biomass) Y axes were truncated from a value of 15,000,000 to 4,000,000 and 300 to 100, respectively, to 
decrease the scale increase the resolution values at lower levels for easier visualization of the trend. The 
actual values of the truncated bars and lines (with legends) are shown to the left of the affected graphs. 

Temporal trend 

Temporal comparison in density and biomass was limited only to Tubbataha because this 
is the only site which had data since 1997. The density data stretched out from 1997 while 
biomass was only computed a year after. The data used for this section were from the 
deep transect since fish visual survey for the shallow site only started in 2000. 

Target species 

Figure 5 shows the density and biomass of the target species from 1997 to 2002. 
Acanthuridae showed the highest density among the other target species except in 2002 
where Labridae showed the highest density. Acanthuridae experienced a sudden increase 
in density in 1999. This was accompanied by a steep increase in biomass in the same 
year. Acanthuridae showed a stable density and biomass from 2000 to 2002. Its biomass 
is always higher than the rest of the target species through all the years. 

The Family Labridae is composed of four sub-families which are Bodianinae, Cheilininae, 
Corinae and Labrichthyinae. The data for these sub-families were pooled to represent the 
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family of wrasses. Labridae also showed a large incremental increase in density in 1999 
then gradually decreased until 2001 and showed another increase in 2002, outnumbering 
the acanthurids. Its biomass showed a gradually increasing trend from 1998 to 2002. 

The density of Lethrinidae fluctuates every year. It does not show a clear trend across 
time. Its biomass showed an increasing trend from 1998 to 2000 and decreased in 2001 
and started to increase again in 2002. 
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Figure 5. Density (indiv/km2; in bars graphs) and biomass (mt/km2; in line graphs) of the target species (those that 
have high commercial value) found at 30 ft depth from 1997 to 2002 and 1998 to 2002, respectively in the 
Tubbataha Reef National Marine Park. 

The Family Lutjanidae experienced two occurrences of a decrease in density in 1999 and 
2001. The density increased by 2002. Despite the fluctuating density, it showed a gradual 
increase in biomass. This indicates that the snappers are gradually growing over the 
years. 

Parrotfishes (Scaridae) showed a generally increasing density from 1997 to 2002 except 
in 2001 where there was a decrease by 25,143 individuals/km2. Its biomass increased 
from 1998 to 2001 and decreased in 2002. Despite the decrease in density in 2001, the 
biomass still increased, indicating that the parrotfishes encountered were large. 

The Family Serranidae in this particular section is represented by the sub-family of the 
groupers (Epinephelinae). It showed an increasing trend in density from 1997 to 1999 and 
gradually decreased in small increments until 2002. The biomass, on the other hand, 
gradually increased but had decreased by 2002. 
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There was generally an increasing trend in both density and biomass with fluctuations in 
some years. These fluctuations could be attributed to the natural oscillation in fish 
population, the coarseness of the method used, and also due to observer errors. 

The density and biomass data were tested statistically (Table 1) to determine significant 
differences in density and biomass among families and between years. A non-parametric 
test was used because homoscedasticity in the data could not be achieved in any 
transformation. 

 

Table 1. Non-parametric statistics using Kruskal Wallis Test to
check differences in fish density and biomass of target
families compared between family and between years.

A: Fish density and biomass compared between families

Chi-Square df Asymp. Sig. Verdict
Density 144.59 5 1.89E-29 highly significant
Biomass 67.70 5 3.09E-13 highly significant

B: Fish density and biomass compared between years

Chi-Square df Asymp. Sig. Verdict
Density 29.63 5 1.75E-05 highly significant
Biomass 42.09 4 1.60E-08 highly significant

Family

Year

Parameter

Parameter

 

 

There were significant differences in density and biomass between the different families as 
well as between years at 5% level of significance. This could be due to the high fluctuation 
in the biomass and density values between years. This indicates that the density and 
biomass values differ between families within a year as well as between years. 

Indicator species 

Figure 6 shows the density and biomass of the indicator species from 1997 to 2002. The 
family of butterflyfishes (Chaetodontidae) showed a stable density from 1997 to 1998 and 
started to increase until 2000. The density suddenly declined in 2001 and increased again 
in 2002. The biomass showed a decrease in biomass with the increasing trend in density 
in 1999, indicating there were numerous small butterflyfishes on the average across all 
sites in Tubbataha. The biomass then followed the same trend with that of the density 
from 2000 to 2002. 

The angelfishes (Pomacanthidae) showed a gradually increasing trend in density from 
1997 to 1999 and the density became stable until 2001. The density increased in 2002. 
The biomass also showed an increasing trend from 1998 to 2001 despite the stable 
density from1999 to 2001, indicating that the fishes were growing. The biomass then 
decreased in 2002 approximating the biomass in 2000. 
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Figure 6. Density (indiv/km2; in bars graphs) and biomass (mt/km2; in line graphs) of the indicator species (those that 
are known to represent reef condition) found at 30 ft depth from 1997 to 2002 and 1998 to 2002, respectively 
in the Tubbataha Reef National Marine Park. 

The density and biomass data were tested statistically using a univariate ANOVA to 
compare density and biomass between families under the indicator species category as 
well as between years (Table 2). The density and biomass data were tested for 
homoscedasticity prior to ANOVA testing.  The density data achieved equality in variance 
error at P=0.156 (F=1.485) after using log10 transformation while the biomass data were 
at P=0.251 (F=1.311) after using square root transformation. 

Results showed that the density (Table 2a.1) and biomass (Table 2b.) between families 
were highly significant (P=0.000, df=1; for both variables). The density of each of the 
indicator species significantly differed between years. 

The density data between years were then subjected to a multiple comparison test using 
Tukey HSD test to determine which years were significantly different from each other. 
Section A.2. of Table 2 showed that the density of 1997 and 1998 was significantly 
different from year 2000 (P=0.004 and 0.018, respectively) and 2002 (P=0.001 and 0.004, 
respectively). The significant variation between the 1997-1998 group with 2000-2002 
could be attributed to the increase in density of Chaetodontidae in 2000 and 
Pomacanthidae in 2002. The difference in density in 1999 and 2001 was not significant. 

The biomass of the indicator species was not significantly different between years. This 
could also be seen in the large overlap of the error bars between years. 
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Table 2. Univariate ANOVA comparing: A. fish density and B. fish biomass of the
indicator families between years. Fish density was log 10 transformed
while the fish biomass was square root transformed to achieve 
homoscedasticity.

Tests of Between-Subjects Effects

A.1 Fish density
Dependent Variable: Log 10 transformed fish density data

Source
Type III Sum of 

Squares df
Mean 

Square F Sig.
Corrected Model 14.427 11 1.312 14.452 0.000
Intercept 1803.351 1 1803.351 19871.372 0.000
FAMILY 10.875 1 10.875 119.830 0.000
YEAR 2.774 5 0.555 6.114 0.000
FAMILY * YEAR 0.778 5 0.156 1.715 0.142
Error 6.534 72 0.091
Total 1824.312 84
Corrected Total 20.961 83

A.2. Multiple comparison

1 2
1997 14 4.379
1998 14 4.432
2001 14 4.602 4.602
1999 14 4.709 4.709
2000 14 4.809
2002 14 4.869
Sig. 0.054 0.190

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 9.075E-02.
Uses Harmonic Mean Sample Size = 14.000.
Alpha = .05.

B. Fish biomass
Dependent Variable: Square root transformed fish biomass data

Source
Type III Sum of 

Squares df
Mean 

Square F Sig.
Corrected Model 11.793 9 1.310 5.999 0.000
Intercept 81.724 1 81.724 374.148 0.000
FAMILY 9.351 1 9.351 42.809 0.000
YEAR 1.151 4 0.288 1.317 0.274
FAMILY * YEAR 1.292 4 0.323 1.478 0.220
Error 13.106 60 0.218
Total 106.622 70
Corrected Total 24.898 69

NYEAR Subset

 

Major species 

The density of damselfishes (Pomacentridae) decreased from 1997 to 1998, then 
suddenly increased in 2000 to a maximum of 9,227,722 individual/km2 and then started to 
decrease again until 2002 (Fig. 7). Although the density showed a decreasing trend, the 
biomass generally showed an increasing trend with a single decline event in 2001. 
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Figure 7. Density (indiv/km2; in bars graphs) and biomass (mt/km2; in line graphs) of the major species (those that 
comprise bulk of the fish abundance) found at 30 ft depth from 1997 to 2002 and 1998 to 2002, respectively 
in the Tubbataha Reef National Marine Park. 

The density of fairy basslets (Anthiinae) was almost stable where the fluctuations were 
very minimal. There was a decrease in 1998 but density recovered in 1999. The biomass 
exhibited minor fluctuations where it increased in 2000 and gradually declined until 2002. 

Table 3 shows the ANOVA of the density and biomass of the major families comparing 
between families and years. Both the density and biomass data were square root 
transformed to meet the homoscedasticity requirement of ANOVA. 

The density of damselfishes was significantly higher than the fairy basslets (P=0.000, 
df=1, F=36.194). The density of the two families also differed between years (P=0.025, 
df=5, F=2.742). Further testing to determine which years significantly differ revealed that 
the density in 1998 was significantly lower than in 1999. The fish densities in 1997, 2000 
and up to 2002 were not significantly different. 

The biomass also showed significant differences between species (P=0.000, df=1, 
F=38.693) and between years (P=0.002, df=4, F=0.743). Multiple comparisons showed 
that the biomass differed in three years. Years 1998, 2000 and 2001 were significantly 
different from each other. Year 2002 was the common denominator among the years 
because of its high error term represented by the error bars (Fig. 7). The strongest 
variation lies between 1998 and 2000 (P=0.003) and with 2001 (P=0.027). This could be 
due to the sudden increase in biomass from 1998 to 2000 for both families. The difference 
between 2000 and 2001 was not significant (P=0.944). 
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Table 3. Univariate ANOVA comparing: A. fish density and B. fish biomass of the major families between years. Fish density
and biomass was square root transformed to achieve homoscedasticity. Significant sources of variations were subjected
to multiple comparison test to determine which subset had significant differences.

Tests of Between-Subjects Effects

A.1. Fish density
Dependent Variable: Square root transformed fish density

Source
Type III Sum of 

Squares df
Mean 

Square F Sig.
Corrected Model 27264105 11 2478554.989 5.312 0.000
Intercept 223812168 1 223812167.7 479.668 0.000
FAMILY 16888158 1 16888158.31 36.194 0.000
YEAR 6396201 5 1279240.148 2.742 0.025
FAMILY * YEAR 3979746 5 795949.1644 1.706 0.144
Error 33595049 72 466597.9007
Total 284671321 84
Corrected Total 60859154 83

A.2. Multiple comparison of each year The error term is Mean Square(Error) = 466597.901.

1 2
1998 14 1182.664
2002 14 1463.250 1463.250
1997 14 1596.149 1596.149
2001 14 1653.587 1653.587
2000 14 1840.390 1840.390
1999 14 2057.811
Sig. 0.124 0.206

B.1.  Fish biomass
Dependent Variable: Square root transformed fish biomass

Source
Type III Sum of 

Squares df
Mean 

Square F Sig.
Corrected Model 96.765 9 10.752 6.843 0.000
Intercept 389.152 1 389.152 247.686 0.000
FAMILY 60.793 1 60.793 38.693 0.000
YEAR 31.303 4 7.826 4.981 0.002
FAMILY * YEAR 4.669 4 1.167 0.743 0.567
Error 94.269 60 1.571
Total 580.186 70
Corrected Total 191.034 69

B.2. Multiple comparison of each year The error term is Mean Square(Error) = 1.571.

1 2 3
1998 14 1.357
1999 14 1.807 1.807
2002 14 2.665 2.665 2.665
2001 14 2.802 2.802
2000 14 3.157
Sig. 0.057 0.233 0.836

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
Uses Harmonic Mean Sample Size = 14.000.
Alpha = .05.

YEAR N Subset

YEAR N Subset
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Trophic groups 

Figure 8 shows the temporal trend in biomass of the different trophic groups. Standard 
error of the mean could not be calculated because the raw data were not available. The 
zooplanktivores and nekton feeders generally showed the highest biomass across time. 
The highest biomass of zooplanktivores was attained in 1999 (150.39 mt/km2), then it 
started to decrease until 2001 and started to increase again in 2002. The nekton feeders 
also showed the same trend where the peak (150.55 mt/km2) occurred in 2000 and 
steeply dropped in 2001 but increased again in 2002. 
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Figure 8. Biomass (mt/km2) of the trophic groups (based on the species’ diet) found at 30 ft depth from 1998 to 2002 in 
the Tubbataha Reef National Marine Park. 

The biomass of carnivores, herbivores, omnivores and zoobenthic feeders was 
maintained below the 20 mt/km2 mark but was surpassed in 2002 by the omnivores where 
it had reached a peak of 70.77 mt/km2. Herbivores and omnivores showed the same trend 
from 1998 to 2001. The carnivores and zoobenthic feeders exhibited the same trend until 
2001 but showed an opposing trend in 2002 where the carnivore biomass continued to 
decrease while the zoobenthic feeder’s biomass increased. 
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Discussion 

Spatial distribution 

Target species 

Among the target species, acanthurids were the most dominant reef fish in terms of 
density and biomass across most of the sites. This was followed by Family Scaridae. 
These families were found to be common in all of the sites. There was no evidence of 
endemicity among the target species considered. Other families were still present 
although at a lower density and biomass levels. The level of density for each family is 
inherent in such group. Acanthuridae naturally occured in large numbers on ideal 
conditions. 

There was no apparent trend in the abundance of the target species across sites. There 
were fluctuations in density and biomass even when compared between sites within the 
same reef. This could be due to differences in the habitat type present in each site. Take 
site 3 of Tubbataha for example (Figure 1), there was a sudden drop in density and 
biomass of acanthurids because the habitat type of site 3 is a vast sand reef area with 
discontinuous hard substrate. Other sites are characterized by having a drop-off and spur 
and groove habitat. There is no direct evidence to verify this assumption. Empirical tests 
should therefore be made to test the connectivity between habitat and fish assemblage. 
Studies in Polynesia showed that physical habitat characteristics accounted for half of the 
variations observed in species richness and total abundance of fish (Holbrook, Brooks and 
Schmitt 2002). Empirical experiments done in Okinawa showed that the differences in fish 
community structure were dependent on the type of reef present (Nanami and Nishihira 
2002). Continuous habitats like hard substrate reefs hold different fish assemblages from 
isolated habitats like rock reef patches surrounded by sandy bottom. Benthic structural 
complexity was shown to be positively correlated with species diversity and post-
settlement survivorship of some commercial fishes (Norse and Watling 1998). 

The remoteness of the reef also contributes to the high density of target species. Atoll 
reefs like Tubbataha, Jessie Beazley and Basterra are remote areas not easily accessible 
to any anthropogenic influence. This, in a way, maintained the high density of fishes in the 
area. Conclusions could easily be made because it eliminates the anthropogenic effects 
that tend to cloud the natural distribution of reef fishes. Tubbataha is an ideal study site 
because of its protected area status. Fishing pressure also contributes to the decrease in 
fish density. Generally, remote reefs have higher density of target species especially 
Tubbataha. Jessie Beazley and Basterra Reefs have relatively higher density of target 
species than those found in the fringing reefs of the sub-sites in Cagayancillo (Cawili and 
Arena).  

Cagayancillo is a unique municipality in Palawan because of the residents’ high level of 
environmental consciousness. They took the initiative to preserve the surrounding reefs 
because they know for a fact that this is their major source of food. The island’s remote 
location limits their options for food source. The soil type on the island could not yield 
productive agricultural crops because it is too acidic due to high limestone content. Most of 
the resources come from the sea. Local initiatives paid off because the density and 
biomass of target species are comparable with those in Tubbataha and other offshore 
reefs. Protection from fishing is the single factor affecting fish abundance and diversity 
(McClanahan and Arthur 2001). Protected reefs have high abundance and species 



 

 50

richness of commercially important species like triggerfish, surgeonfish and parrotfish 
(McClanahan and Arthur 2001). 

Jessie Beazley and Basterra Reefs are open for fishing thus the density of the target 
species are lower than in Tubbataha. The frequency of fishing in these reefs is lower 
compared to the coastal waters of the main islands in the archipelago. This resulted in a 
higher density of reef fishes in the area even with an open-for-fishing status. 

Indicator species 

Indicator species composed of butterflyfishes and angelfishes were present in all survey 
sites. Butterflyfishes dominated most of the sites. However, in terms of reef formation, 
there was no trend whether there were more of these indicator species in atoll reefs as 
compared to fringing reefs. There was no evidence that these groups of fishes were 
gathered for aquarium trade since the densities in the fished areas are at par, or even 
exceed some sites in Tubbataha. Butterflyfishes being associated with various coral reef 
habitats were shown to be closely related to live coral reefs as compared to rocky reef 
areas and sand patches (Ohman, Rajasuriya and Svensson 1998). Their distribution, 
however, is dependent on their position in the trophic regime. More coralliverous 
butterflyfishes are found in live reefs while omnivores have a more widespread distribution. 
It was also shown that there were more butterflyfishes in live reefs than in degraded 
habitats. 

Major species 

All sites in Tubbataha had a higher density of damselfishes than other reefs. This could be 
attributed to the nearly pristine coral cover in the area which provides suitable habitat for 
damselfishes. Habitat suitability was known to be a primary determinant of the spatial 
distribution of damsefishes (Holbrook, Forrester and Schmitt 2000). Tubbataha contains a 
vast array of complex-structured corals which act as primary refuge of pomacentrids. This 
could very well affect the density of damselfishes in this reef. Sites 3 and 4 of Tubbataha 
are dominated by abiotic components like sand and rubble which gave rise to the low 
density of pomacentrids in the area. Site 3 has a higher coral cover than site 4 and 
therefore offers more refuge for fishes which eventually increased its density. Shelter 
requirements also affect the spatial distribution of certain reef fishes (Aburto-Oropeza and 
Balart 2001). 

Calusa was dominated by fairy basslets. This island is unique for its very high percentage 
cover of various encrusting corals belonging to genus Montipora. This might have an 
effect on the density of anthiases. Encrusting corals might be the habitat preference of 
fairy basslets although this is yet to be proven. 

The biomass of damselfishes was consistently higher than anthiases. In site 3 of Calusa 
where the density of anthias was higher by almost six million individuals, the biomass of 
damselfish was still higher than anthias. This was due to the inherent differences between 
species of the two groups of fish. Damselfishes could grow beyond 20 cm in total length. 
Anthias are, by natural characteristic, smaller than damselfishes. 

Trophic groups 

The most abundant trophic group across sites is the zooplanktivores followed by 
omnivores and herbivores. Carnivores became the least abundant trophic group. Nekton, 
zoobenthic, corallivores and ectoparasites feeders occurred in low numbers because they 
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are specialized feeders. The trend in abundance followed the concept of the trophic 
pyramid by Charles Elton or the so called the “Eltonian Pyramid” (Hickman, Roberts and 
Larson 1993). The abundance decreases as you move up the food chain. Phytoplanktons 
are the primary producers in the ocean. These are being grazed upon by zooplanktons. 
Zooplanktons are then preyed upon by zooplanktivores. Zooplanktivores are considered 
as primary carnivores in the food chain. From this point, zooplanktivores could be preyed 
upon by carnivores or omnivores. Both the carnivores and omnivores become the 
secondary carnivores at this stage in this particular case. Omnivores could also consume 
primary producers which put them at similar level with herbivores. They could then be 
preyed upon by the top predators - the carnivores. 

At each transfer to the next trophic level, 80 to 90% of the available energy is lost as heat 
because most of the fuel obtained in food is burned to be used for survival (Hickman, 
Roberts and Larson 1993). The longer the food chain the more energy is lost thus 
reducing the energy to be allocated for reproduction. This could explain the decreasing 
number of individuals at higher trophic levels. 

Temporal trend 

A more accurate conclusion could be made in the trends observed in Tubbataha due to 
the removal of fishing pressure. Fishing activities tend to cloud the effects of natural 
processes in fish populations. The increasing and decreasing trend in density of the target, 
indicator and major species could be attributed to the natural demographic processes 
occurring in the study sites, some of which are emigration of some species and 
individuals, mortality, and recruitment of fresh stocks. The trend in density of wrasses and 
surgeonfishes was very similar, indicating similarity in factors affecting the changes in 
demography for these groups of fishes. 

Changes in environmental variables could also affect the changes in abundance of certain 
fishes. These changes are linked with changes in season for high latitude reefs 
(Friedlander and Parrish 1998). Tropical reefs are characterized by low fluctuations in 
environmental conditions thus changes are low. Still, shifts in abundance and fish 
community occur. Shifting monsoon direction and the variability in intensity of certain 
environmental variables are the major factors that affect the changes in environmental 
conditions in the tropics. 

Fluctuation in the number of recruits from other source reefs or even within the same reef 
as controlled by post settlement mortality controls the abundance of reef fishes (Caselle 
1999). This adds to the factors that control the abundance of target, indicator and major 
species in Tubbataha. 

Statistical analysis determines in which year significant increase or decrease in biomass 
and density occurred. This increase or decrease is again controlled by the natural 
recruitment and mortality processes occurring in the reef. 

In terms of trophic groups, biomass data showed that the zooplanktivores and nekton 
feeders were the groups that experienced high fluctuation in biomass between years. This 
could mean that the fishes being surveyed each year could be a different group. These 
groups of fishes are highly mobile (long range animals) and it is possible that each year, a 
different group from other source (either from other reefs or within the same reef but from 
other sites) is recorded. The biomass of other trophic groups seems to be stable across 
time. Density data would have told a more accurate account of the demographic profile of 
the reef. Unfortunately, only the biomass data are available. 
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Conclusion                                                                                                                                

The distribution of the different reef fishes varied across space and time. Spatial variations 
were due to the differences in reef habitat present in each survey site, the habitat 
preference of reef fishes, and its shelter requirement. The level of abundance of each 
group (target, indicator, and major species) was determined by the status of protection 
from fishing pressure and the degree of accessibility to the reef. Temporal variations were 
due to the natural demographic processes that affect reef fishes which include 
recruitment, survival and mortality rates. Seasonal variations (which affect environmental 
conditions of the reef) also contributed to the fluctuations in abundance of reef fishes. 
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Chapter 

3 Seagrass community structure 
Spatial variations in shoot density of seagrasses in Tubbataha, 
Cagayancillo and Arena  

Marlowe Sabater 
Research Officer, WWF-Philippines 

Brief introduction 

Seagrasses are members of the spermatophyte group of plants which spend most of their 
life under tropical shallow coastal waters. They grow in semi-protected areas with sandy 
substrates. 

Seagrass beds are of great importance and are known to be one of the most productive 
ecosystems on earth (Odum 1971). Seagrass beds are primary producers capable of 
utilizing CO2 in the water column to be used in the photosynthetic process. Seagrasses 
contribute about 33-38% of the Total Ecosystem Net Primary Production (TENPP) (Kaldy 
et.al 2002). They also serve as breeding and nursery grounds, shelter for many marine 
organisms, food source, and bottom stabilizer (Dawes 1998). Some reef fishes spend part 
of their life cycle in the seagrass beds until they reach maturity. Others revert back to the 
seagrass beds from the reef to breed. High densities of nursery species were found in 
mudflats adjacent to seagrass and mangrove areas and were almost absent in those 
without these habitats (Nagelkerken et.al 2001). 

One important contribution of seagrass meadows to the ecological balance of the coastal 
marine environment is that it controls the sediment loading (from a terrestrial source or re-
suspension) on coral reefs. The blade of seagrasses is an effective sieve for sediments, 
blocking the suspended sediments and depositing them (with the aid of gravity) in the 
seagrass beds. Coastal communities also benefit from this habitat because it protects the 
coastline from strong waves. The blades also reduce water movement from waves or 
water currents. 

Seagrasses, however, are not appreciated by people all over the world. Their importance 
is overlooked and they are usually perceived as displeasing to the eye especially where 
development is concerned. Some resorts ruin extensive beds of seagrass in the desire for 
white sandy bottoms that tourists tend to look for. Recreation is one threat to the seagrass 
beds in Philippine waters (Calumpong & Menez, 1997). 

Distribution of the different seagrass species varies according to the physical environment 
in which they are found. The distribution patterns are affected by hydrodynamic forces and 
depth (where the seagrass beds are found). Hydrodynamic forces have a wide range of 
effect in the seagrass community structure. Seagrasses tend to be patchy in high-energy 
environments, while it tends to be continuous in low-energy environments (Fonseca et.al 
2002). 

The objectives of this study are: 
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1. to determine the species distribution of seagrasses across the different study 
sites; and 

2. to determine the status of the seagrass habitat by looking into the shoot density of 
each seagrass species. 

Methodology 

Field Survey 

A 50-meter transect line was laid parallel to the depth gradient along the seagrass beds of 
Tubbataha, Cagayancillo and Cawili. The sampling stations were set at every five meters. 
A 1m2 quadrat was laid at every sampling station replicated three times. There were a total 
of 33 quadrats for each transect and a minimum of two to four replicate transects 
depending on the site. Each replicate quadrat was separated by a 1-meter gap. The 
seagrasses found within the quadrats were identified to the species level and its shoots 
were counted. 

Data Processing and Analysis 

The shoot density was computed for each species by dividing the counts by the area of 
the quadrat. A “species x shoot density across site” matrix was constructed to determine 
the density of each species per site. The density data were analyzed using a Cluster 
Analysis to determine which sites had similar species composition of seagrasses. The 
Bray-Curtis and between-group average was used as the index of similarity and cluster 
method, respectively. The PRIMER-E v.5™ for Windows software was used for this 
analysis. 

Results 

Trends Across Sites 

Different sites were dominated by different species of seagrasses (Figure 1). Halodule 
uninervis was abundant in the North Islet of Tubbataha while the two species of 
Cymodocea were abundant in the South Islet. The North Islet is considered a mixed 
seagrass bed due to the presence of more than one species where dominance was kept 
to a minimum. On the contrary, the South Islet was considered as a monospecific bed 
where Cymodocea rotundata is more abundant than C. serrulata. 

The seagrass bed in Cawili is composed of C. rotundata and C. serrulata. This was the 
reverse of the beds in the South Islet because here C. serrulata is more abundant than its 
conspecific. The beds of Magsaysay in Cagayancillo were somewhat similar to that of the 
South Islet in terms of species composition except that there was a total dominance of C. 
rotundata. 

Six out of nine species of seagrasses are found in the beds of Nusa in Cagayancillo were 
Syringodium isoetifolium had the highest shoot count. Though it had the highest count, 
S.isoetifolium had a little impact in terms of the biomass in the area. What contributed 
more in terms of biomass were the two species of Cymodocea. 
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The most diverse site was Talaga in Cagayancillo where eight out of nine species 
recorded were found. The shoot density in this area was not very high as that of the other 
sites partly because of high sand cover. Highest shoot density came from C. serrulata 
followed by C. rotundata and S. isoetifolium. 
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Figure 1.  Shoot density of the various seagrasses found in Tubbataha, Cawili and Cagayancillo. 

Spatial Analysis 

Using the shoot density data, a dendrogram was generated to determine which sites were 
similar in terms of density of each species. The replicate transects clustered according to 
sites based on the dominant species of seagrasses. Two transects were considered as 
outliers, transect 3 of the North Islet in Tubbataha and transect 2 of Talaga in 
Cagayancillo. North Islet had the most distinct assemblage which connected with the main 
cluster at 15.23 similarity level. The main cluster was composed of three  subclusters with 
two outliers. Nusa clustered with Talaga while Calusa clustered with South Islet. 
Magsaysay clustered with the Calusa-South Islet subcluster at 60.48 similarity level. 
Transect 3 of North Islet was somewhat similar to the Talaga-Nusa subcluster while 
transect 2 of Talaga was similar to Cawili-South Islet subcluster. 
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Figure 2. Cluster analysis of the different sites using the shoot density data. The Bray-Curtis index was used as the 
similarity measure and the group-average as the linkage method. The original data matrix was squareroot 
transformed. 

Results of the multidimensional scaling (Fig. XXX) showed which species determined the 
distribution of the samples (transects) in the 2-dimensional space. C. rotundata and C. 
serrulata dictate the clustering of Cawili and South Islet. Magsaysay is also linked with the 
CW-SI subcluster due to the dominance of C. rotundata. H. uninervis and Halophila ovalis 
had a strong influence in the grouping of North Islet. This was the only site that distinctly 
deviates from the rest of the sites due to the dominance of these species. Talaga site is 
characterized by the dominance of Enhalus acoroides while S. isoetifolium dictates the 
clustering of Nusa with Talaga. The outlier in the main cluster (transect 2 of Talaga) 
separated with the other transects due to the dominance of Halodule pinifolia. 

NI = North Islet (Tubbataha) SI = South Islet (Tubbataha) CW = Cawili Island 
NU = Nusa (Cagayancillo) TA = Talaga (Cagayancillo) MG = Magsaysay (Cagayancillo) 
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Figure 3. Multidimensional scaling (MDS) 
of the shoot density of the 
different species of seagrasses 
in Tubbataha, Cawili and 
Cagayancillo. Minimum stress 
value was at 0.09 which 
occurred 9 times after 10 
iterations.
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Discussion 

Each seagrass bed surveyed had its own unique characteristics in terms of species 
composition. The beds of South Islet in Tubbataha, Cawili and Magsaysay in Cagayancillo 
are considered as monospecific beds of Cymodocea rotundata and Cymodocea serrulata. 
Other sites are considered as mixed beds. The highest seagrass diversity occurred in 
Brgy. Talaga in Cagayancillo where eight out of the species recorded existed in the area. 
Despite the high diversity status, the bed in the area had low density. Other species may 
have controlled the proliferation of some species thus keeping the shoot density low. 

The shoot densities give an indication of the number of clones of seagrasses in a given 
area and do not estimate the contribution of each species in terms of biomass and 
productivity in the beds. The results given only indicate the relative cover and “thickness” 
of the seagrass bed in the area. 

The species composition of an area dictates the similarity between sites. Despite the 
distance between South Islet of Tubbataha and Cawili Island, the two sites clustered 
together due to dominance of the two species of Cymodocea. The site in Magsaysay 
separated from the Cawili-South Islet sub-cluster due to the dominance of a single species 
(C. rotundata). The clustering of the sites in Talaga and Nusa was dictated by the mixed 
bed and high diversity characteristics of the area where the former had six and the latter 
had eight out of a total of nine species (cumulative of all sites) recorded for this year. The 
site in North Islet was the most distinct due to the presence of a distinct seagrass 
assemblage (Halodule uninervis and Halophila ovalis). 

The distribution patterns observed between sites could be attributed to the condition in the 
physical environment where they are found. Unfortunately, there are no existing data to 
support this hypothesis since the team did not check or gather samples from which to 
correlate the density data. 

The distribution of seagrasses is known to be influenced by different environmental factors 
that act directly, indirectly or even synergistically with another. Some of these factors are 
wave action or water current, sediment type (usually related to grain size), depth, light, 
water clarity, and stage of community development. Seagrass beds in high wave or 
current energy area would tend to eliminate shallow rooting species (under the genus 
Halodule and Halophila) and tend to favor the proliferation of robust and gripping species 
(Cymodocea, Thalassia, etc.). This could be the case for South Islet in Tubbataha, Cawili 
and Magsaysay in Cagayancillo where it is dominated by C. rotundata and C. serrulata. 
Variations in sediment type are also influenced by the intensity of water movement. Areas 
with relatively strong water movement are characterized by coarse sediments while 
sheltered areas contain fine sediments. The effects of sediment type on seagrass 
distribution therefore act synergistically with water movement. Depth, light, and water 
clarity also act synergistically where light penetration decreases with increasing depth and 
decreasing water clarity (or increasing turbidity). Species found in deeper depths are those 
that have longer leaf blades and are able to stretch vertically to gather sunlight needed for 
photosynthesis. 

The stage of community development tells a different story similar to a succession event. 
For example, an area was dominated by Cymodocea species due to the presence of 
coarse sediments with high water movement. The proliferation of these robust seagrasses 
sets the stage for the colonization of the fragile species by decreasing the water 
movement with the use of their leaf blades. With the aid of hydrodynamic forces, this will 
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then lead to deposition of finer sediments which is the prerequisite of other seagrass 
species for recruitment. This will ultimately result in a mixed bed of seagrasses. This may 
be the case for Nusa and Talaga beds where the early colonizers and the dependent 
species coexist. The site in Nusa was considered a deep seagrass bed since researchers 
needed SCUBA tanks to conduct the survey. This could have reinforced the decrease in 
water motion beneath the leaf blades of Cymodocea species which enabled the 
colonization of other seagrasses. Talaga, on the other hand, is located in a sheltered cove 
on the mainland of Cagayancillo. This could have contributed to the high diversity status of 
that particular seagrass bed. 

The patterns in species distribution observed could be explained by designing a sampling 
strategy which includes sampling of the sediments, seagrasses, and other physical 
parameters. Aging experiments and bio-reconstruction modeling could directly answer the 
questions from the patterns observed in the survey sites. 

Conclusion 

The species composition and shoot density of each seagrass species differ between sites. 
This gives rise to the unique clustering of the different sites based on the similarity in 
species composition and density values. The species distribution could be possibly 
attributed to the physical environment (sediment type, water motion, depth, etc.) they 
inhabit and the stage of the seagrass beds along the successional regime. 
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Figure 1. Shoot density of the various seagrasses found in Tubbataha, Cawili and Cagayancillo. 
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Figure 2. Cluster analysis of the different sites using the shoot density data. The Bray-Curtis 
index was used as the similarity measure and the group-average as the linkage 
method. The original data matrix was square-root transformed. 

Figure 3. Multidimensional scaling (MDS) of the shoot density of the different species of 
seagrasses in Tubbataha, Cawili and Cagayancillo. Minimum stress value was at 0.09 
which occurred 9 times after 10 iterations. 
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4 Seabird community structure 
Spatio-temporal variations in the abundance of seabirds in 
Tubbataha, Basterra, and Cawili 
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Brief Introduction 

Seabirds spend most of their life at sea where they become highly specialized to adapt to 
their environment. They gather food from the sea either alone or in large feeding flocks. 

The islands and islets in the middle of Sulu Sea serve as an ideal refuge for long-range 
migratory seabird species that use the Philippines as its transitory station (Manamtam 
1996). The Sulu Sea is one of the remaining crucial breeding habitats of seabirds in the 
Philippines. Seabird populations are rapidly declining in all their historical ranges in Sulu 
Sea (Magsalay and Tolido 1993; Heegaard and Jensen 1991; Kennedy 1982;1992) 
brought about by anthropogenic disturbance. 

The objectives of seabird survey are: 

1. To conduct an inventory of the seabirds population; 

2. To be able to determine species richness and species diversity of the seabird 
population; 

3. To identify the resident and migratory species of seabirds in TRNMP; 

4. To determine the breeding month (season) of seabirds in the area; and 

5. To determine the temporal variations in the migration patterns of seabirds. 

Methodology 

Survey Design 

The regular monitoring of seabirds is scheduled only every summer (southwest monsoon) 
due to distance and the unpredictable weather conditions. Given an opportunity, the 
survey is sometimes conducted twice a year, also during the northeast monsoon, to cover 
both monsoons. 

The selected study areas were the following: areas along the Cagayan Ridge specifically 
the North and South Islets of Tubbataha Reef National Marine Park, Basterra Reef, and 



 

 63

Cawili Island. The Cagayan Ridge is located in the middle of Sulu Sea, bounded by the 
islands of Palawan, Visayas and Mindanao. 

Field Survey 

The observer leaves for the survey site early in the morning or late in the afternoon when 
the seabirds are active. Direct counting was used to determine the approximate number of 
seabird populations in the area. Flocks counting method was used in approximating large 
populations of seabirds either when it is in flight or on the ground. Actual counting was 
used in approximating smaller populations. 

The observer establishes a far distance from the seabird populations as the survey 
progresses in order to avoid disturbance.  

Using binoculars and a seabirds manual/guide, the observer identifies the seabird species 
in the area by determining its unique characteristics. Every species was observed for 15 
minutes to ensure positive identification.  

Active and inactive nests were determined by inspecting the presence or absence of bird 
eggs and  by checking the condition of the nests on the ground or in the trees. If bird eggs 
are present, the numbers are counted to determine the total number of eggs per nest per 
species. 

The breeding season of seabirds was determined by noting the presence of nests and 
juveniles in the area. The residence status of seabirds was also determined. Resident 
seabirds were distinguished from migratory seabirds. The vegetation in the area was 
identified using field guides.  

Data Processing and Analysis 

The abundance of each species was plotted across space and time. This will determine 
the spatial variations in abundance of each species per site at a given time. A matrix of the 
abundance of each seabird species by site by time was generated. A similarity matrix was 
computed from the abundance matrix to determine the similarity of abundance per site per 
month. The Bray-Curtis similarity index was used to compute the similarity between sites 
per month. The data was square-root transformed to achieve standardization. A 
dendrogram was then constructed from the similarity matrix to plot similarity per site per 
month. The group-average was used as the clustering mode. 

 

Results 

A total of 26 species of seabirds and non-seabirds belonging to nine families were 
recorded (Table 1) from April to June 2002. Eighty-six percent of the birds are seabird 
species and 14% are non-seabird species. 

In three surveys conducted in 2002 on the North Islet (Bird Island) of Tubbataha, a total of 
seven families with 20 different species of seabirds and non-seabirds were recorded 
(Table 2).  Only seven species of seabirds were found breeding on Bird Island (Sula 
leucogaster, Sula sula, Fregata minor, Anous minutus, Anous stolidus, Sterna bergii, and 
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Sterna fuscata). Only S. leucogaster was observed to be a resident seabird on the North 
Islet because of its presence the previous year. 

 
Table 1. Checklist of seabird species recorded in the Cagayan Ridge (TRNMP, Basterra Reef 

and Cawili Island) in 2002 

Species Name Family North Islet 
TRNMP 

South Islet 
TRNMP 

Basterra Cawili 

Sula leucogaster Siludae √ √ √  
Sula sula Siludae √   √ 
Fregata minor Frigatidae √ √ √ √ 
Fregata andrewsi Frigatidae    √ 
Anous minutos Sternidae √ √ √  
Anous stolidus Sternidae √ √ √  
Sterna fuscata Sternidae √ √   
Sterna bergii Sternidae √ √ √  
Sterna sumatrana Sternidae √ √   
Egretta alba Ardeidae √ √   
Egretta sacra Ardeidae √ √   
Ixobrychus cinnamomeus Ardeidae  √   
Egretta intermedia Ardeidae √ √   
Ardea cinerea Ardeidae √ √   
Botaurus stellaris Ardeidae  √   
Tringa nebularia Scolopacidae √ √   
Tringa ochropos Scolopacidae √    
Tringa erythropus Scolopacidae √    
Arenaria interpres Scolopacidae √ √   
Numenius phaeopus Scolopacidae √ √   
Limosa lapponica Scolopacidae √    
Phylloscupos proregulus Sylviinae √    
Phylloscupos borealis Sylviinae  √   
Halcyon chloris Alcedinidae  √  √ 
Motacilla cinerea Motacillidae √ √   
Oriolus chinensis Oriolidae    √ 

 
The most dominant population among seabirds is Anous minutus with a maximum 
approximate of 5,000 individuals. The non-breeding seabirds were usually the migratory 
ones. The seabirds exhibited habitat delineation or territoriality. Sula leucogaster, Sterna 
bergii, and Sterna fuscata were observed to be nesting on flat grounds while Sula sula, 
Fregata minor, Anous minutus, and Anous stolidus were found nesting on trees. 

Table 2.  Breeding status of various seabird species on North Islet (Bird Island) in TRNMP. 
 

Species Name Family Breeding Status 
Sula leucogaster Siludae Breeding  
Sula sula Siludae Breeding 
Fregata minor Frigatidae Breeding 
Anous minutos Sternidae Breeding 
Anous stolidus Sternidae Breeding 
Sterna fuscata Sternidae Breeding 
Sterna bergii Sternidae Breeding 
Sterna sumatrana Sternidae No 
Egretta alba Ardeidae No 
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Egretta sacra Ardeidae No 
Egretta intermedia Ardeidae No 
Ardea cinerea Ardeidae No 
Tringa erythropus Ardeidae No 
Tringa nebularia Scolopacidae No 
Tringa ochropos Scolopacidae No 
Arenaria interpres Scolopacidae No 
Limosa lapponica Scolopacidae No 
Numenius phaeopus Scolopacidae No 
Phylloscupos proregulus Sylviinae No 
Motacilla cinerea Motacillidae No 

 
Nine families with 19 seabird species were recorded in the South Islet of Tubbataha 
(Table 3). The dominant seabird was Anous stolidus. Only two species were found 
breeding in the area (Sterna bergii and Anous stolidus) while others only visited the area 
to rest and feed. The nesting seabirds were observed inside the Delsan Wreck, in the 
concrete sand barrier, and on the ground beneath the trees. 

Table 3.  Breeding status of the various seabird species in South Islet TRNMP. 
 

Species Name Family Breeding Status 
Sula leucogaster Siludae No 
Fregata minor Frigatidae No 
Anous minutos Sternidae No 
Anous stolidus Sternidae Breeding 
Sterna fuscata Sternidae No 
Sterna bergii Sternidae Breeding 
Sterna sumatrana Sternidae No 
Egretta alba Ardeidae No 
Egretta sacra Ardeidae No 
Ixobrychus cinnamomeus Ardeidae No 
Egretta intermedia Ardeidae No 
Ardea cinerea Ardeidae No 
Botaurus stellaris Ardeidae No 
Tringa nebularia Scolopacidae No 
Arenaria interpres Ardeidae No 
Numenius phaeopus Ardeidae No 
Phylloscupos borealis Sylviinae No 
Halcyon chloris Alcedinidae No 
Motacilla cinerea Motacillidae No 

 
The data gathered in the survey conducted last June 10, 2002 in Basterra Reef were 
considered as the baseline since it was the first time that the area was surveyed. There 
were only five species belonging to three families that were recorded (Table 4). Anous 
stolidus, Sterna bergii, and Sula leucogaster were found breeding inside the Taiwanese 
junk vessel. About 45 individuals of A. stolidus were observed in the area (dominant 
species).  

Table 4.  Breeding status of the various seabird species in Basterra Reef. 
 

Species Name Family Breeding Status 
Sula leucogaster Siludae Breeding 
Fregata minor Frigatidae No 
Anous minutos Sternidae No 
Anous stolidus Sternidae Breeding 
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Sterna bergii Sternidae Breeding 
 

Five species of seabirds belonging to four families were recorded in Cawili island (Table 
5). Fregata minor, Fregata andrewsi and Sula sula were observed to be breeding on the 
branches of big trees (Pisonia alba or locally known as anoling) in close proximity to 
human settlement. The red-footed boobies (S. sula) which numbered about 100 
individuals was the dominant seabird on the island. Early in the morning this species goes 
out to sea to hunt for fish for their juveniles and returns late in the afternoon. The frigate 
species (F. minor, F. andrewsi) wait for the arrival of the red-footed boobies and once 
spotted, they tend to ambush the latter to take away the catch. 

Table 5.  Breeding and residence status of the various seabird species on Cawili Island 

Species Name Family Breeding/Residence Status 
Sula sula Siludae Resident Breeding 
Fregata minor Frigatidae Resident Breeding 
Fregata andrewsi Frigatidae Resident Breeding 
Halcyon chloris Alcedinidae Winter Visitor 
Oriolus chinensis Oriolidae Resident Breeding 

 

Figure 1 shows the abundance of seabirds on the North and South Islets of Tubbataha 
during the three surveys.  The seabirds abundance in April 2002 was low for both islets. 
The approximate values are shown in Table 6. There was a large population of S. 
leucogaster and S. bergii on the North Islet during this time. There was a sudden upsurge 
in abundance by May 2002. The species that contributed to the increase in abundance 
were Anous minutos, Sterna fuscata, Anous stolidus, and Sterna bergii. The largest 
increase in population occurred on the North Islet. 
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Figure 1. Abundance of seabirds in the North and South Islet of the Tubbataha Reef National Marine Park from April to 
June 2002. 

There was only a slight increase in the abundance of seabirds on the South Islet primarily 
by A. minutos, A. stolidus, and S. bergii. This increase was sustained until June 2002 on 
the North Islet but not for the South Islet where it showed a decline in abundance. 

Another notable observation was that the abundance of S. leucogaster and other minor 
seabird species (those that occur in very small numbers) on the North Islet did not change 
significantly from April to June. This will have an implication on the residence status of the 
species. 
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Table 6. Abundance of seabirds in the North and South Islets of Tubbataha Reef National 
Marine Park in the 3 surveys conducted in 2002. 

Species name
North Islet South Islet North Islet South Islet North Islet South Islet

Sula leucogaster 385 1 420 2 418 2
Sula sula 0 0 18 0 26 0
Frigata minor 11 1 13 1 38 0
Anous minutos 0 0 4750 100 4750 110
Anous stolidus 0 0 325 450 325 45
Sterna fuscata 0 0 2100 23 2100 0
Sterna bergii 531 21 3600 560 3600 85
Sterna sumatrana 37 0 70 15 83 3
Egretta alba 5 2 3 6 3 1
Egretta sacra 7 2 7 3 2 4
Ixobrychus cinnamomeus 0 0 0 0 2 1
Egretta intermedia 3 0 4 2 0 1
Ardea cinerea 0 0 1 7 1 0
Tringa nebularia 25 0 5 9 8 0
Tringa ochropos 0 0 3 0 4 0
Tringa erythropus 0 0 0 0 1 0
Arenaria interpres 0 0 12 8 0 10
Limosa lapponica 5 0 8 0 0 0
Nemenius phaeopus 1 0 6 1 10 0
Phylloscupos proreaulus 1 0 1 0 0 0
Phylloscupos borealis 0 14 0 2 0 0
Halycon chloris 0 0 0 2 0 2
Motacilla cenerea 4 0 12 6 0 8

Apr-02 May-02 Jun-02

 

Figure 2 shows the dendrogram resulting from the cluster analysis of the abundance of the 
different species of seabirds on the North and South Islets of Tubbataha during the three 
surveys conducted. The abundance of seabirds on North Islet in May and June had the 
closest similarity connected at 95.58 similarity level. The next clustering occurred between 
the abundance on the South Islet in May and June connected at 61.58 level of similarity. 
The abundance of seabirds on the North Islet in April was somewhat similar to South Islet 
in May and Jun. South Islet in April was an outlier due to its very low abundance. 
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Figure 2. Dendrogram resulting from the cluster analysis of the abundance of seabirds in the North and South Islet 
during the 3 surveys conducted in 2002. The Bray-Curtis similarity was used and the distance measure while 
the between-group average was used as the linkage method. 

 

Discussion 

The North Islet of Tubbataha became the primary shelter for the various seabirds where 
they became specialized and have created their own niche within the island. Territoriality 
within the island is an evidence of a niche. With territoriality comes habitat delineation and 
resource segregation. Once a seabird of a different species enters the territory of another, 
the former is immediately warded off the latter’s territory. This is a sign of a stable 
ecosystem where pressures from anthropogenic activities do not affect the behavior of the 
seabird population. They are able to exhibit their natural behavior in the wild. 

Another sign of a stable environment is that the seabirds are able to breed on the island 
without pressures coming from predators. Juveniles were able to roam freely within the 
island perimeter. Abundance of food such as small fishes, invertebrates along the beach, 
crustaceans, and squids, also ensures the population’s survival. 

Seabirds belonging to the Family Siludae, Frigatidae and Sternidae were found to be 
breeding during the summer months. This was determined by the presence of eggs and 
juveniles in the nests. An important factor to consider is that these birds are migratory and 
uses Tubbataha as breeding grounds. This increases the need to conserve the area since 
this is a source of recruits for other sites. 
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Evidence of Tubbataha as a migratory station of seabirds can be found in Figure 1 where 
there was a sudden increase in seabird abundance in the month of May and persisted 
until June. The sudden increase in A. minutos, S. fuscata, A. stolidus, and S. bergii 
abundance could be due to their arrival in the area between April and May 2002. These 
birds may have come from far-away places since they were also absent or in low numbers 
on the South Islet, the nearest land area from the North Islet. It must have traveled to 
Tubbataha to breed since the mentioned species were observed to have eggs in their 
nests during the survey. The migratory seabird species use the area in Tubbataha as 
regular refueling stations. 

The black and brown noddies (Anous) are resident breeders of North Islet. They were 
absent during the first quarter of 2002 but had returned in May (sudden influx in the 
seabird population). The sooty tern and greater-crested terns (Sterna) are migratory 
seabirds which come to Tubbataha to breed. They occur in large numbers to increase 
reproductive success.  

S. leucogaster and other seabirds that occur in low numbers were considered as residents 
of North Islet. Their numbers were constantly low through time. This is the reason why the 
abundance of the brown booby remains constant from April to June and does not 
experience sudden surge in numbers. 

Conclusion 

The absence of human activities on North Islet enables preservation of the seabird 
population in Tubbataha. The ecosystem they inhabit is in a stable condition because they 
are able to exhibit their natural behavior like territoriality and to breed without pressure 
from predators. 
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