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Introduction
Background
Historically, Manila Bay is a diverse, resource rich, and highly productive system. From the
deltaic plains north of the bay to the receiving estuary, and the marine waters, the diverse
habitats of Manila Bay provide refuge, foraging grounds and breeding areas for a rich
aggregation of organisms. This habitat mosaic (i.e., beach forests, mangroves, mudflats,
vegetated and unvegetated soft bottom habitats) contributes significantly to enriching
biodiversity and enhancing the overall productivity of the area.
The abundance of resources in the bay served as natural capital, and together with strategic
geographic location, drove rapid economic activity and development in the area. However,
failure to value resources and properly manage the Manila Bay ecosystem in the face of rapid
development has led to the destruction of critical habitats, biodiversity loss, and decline in
natural productivity. Land conversion and coastal development, overfishing, overextraction of
ground water, and introduction of invasive species were seen as the major drivers of habitat,
biodiversity, and productivity loss of the system (MBDSMP, 2019; Vallejo et al., 2019). This
led to declining income of resource-based communities and contributed to the continued
marginalization of the poor in Manila Bay (Figure 1). Unfortunately, the ecological and socioeconomic impact brought about by habitat degradation is expected to be further exacerbated
by the effects of climate change and increasing coastal population. At present, less than 0.5%
of the critical habitats in Manila Bay is protected (MBDSMP, 2019). In a business as usual
scenario, the overall trend in habitat loss is predicted to continue. Furthermore, the rest of the
unprotected habitats remain exposed to high degradation risk activities both in the watershed
and actual bay area. To reverse the current trend, numerous conservation strategies that
include restoration of natural habitats and their improved protection must be immediately
implemented on a large scale, not only to improve biodiversity and productivity, but also to
enhance the overall resilience of the ecosystem. This is a critical task that needs to be
achieved to improve the quality of life of the more vulnerable resource-based communities
and attain the government’s inclusive growth target. Hence, habitat restoration and protection
strategies have been included in the Manila Bay Sustainable Development Master Plan
(MBSDMP).
It has long been recognized that proper accounting of critical habitats and its associated
communities are necessary for robust resource and development planning. Effective resource
management and governance requires not only an understanding of issues, but also of
ecological processes that are elucidated by a robust baseline data. Comprehensive up to date
information, particularly on biodiversity, habitat quality, and critical habitat distribution, is
needed to identify and establish areas for management, immediate restoration and protection.
Furthermore, community data specifically collected for management makes it easier to
formulate site-specific conservation strategies; determine weakness and strengths of
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Figure 1. Processes driving productivity and human well in Manila Bay.

strategies already implemented; and, gauge the relative contribution of strategies (measures)
to address ecosystem protection and fisheries enhancement objectives.
Recently, a detailed baseline information was published by government line agencies (i.e.,
BFAR-NFRDI 2017, NAMRIA 2019, DENR-ERDB, 2019). The result of this study further
narrows data gaps critical to crafting a holistic resource management strategy for Manila Bay.
In general, the data generated from the rapid assessment will be used in the identification,
establishment and prioritization of areas for protection; and, serve as the basis of specific
Programs, Activities and Projects (PAPs) geared towards ecosystem protection of Manila Bay.
Specifically, the objectives of the study are:

1.) To determine conditions of critical habitats in Manila Bay;
2.) To identify issues associated with the conservation and protection of critical habitats;
3.) To describe local fisheries and recognize community views on proposed government
assistance and climate change;
4.) To evaluate the performance of management interventions in Manila Bay;
5.) To create an updated habitat map of Manila Bay suitable for zoning and other
management use.
The study focused on three critical habitats of the bay; the mangrove stands, the un-vegetated
soft bottom habitats, and the fringing reefs and its associated fish communities. The results of
the study were presented in five stand-alone papers that describes the status of the
communities in habitats across different sections in Manila Bay. The methods used were
standard and accepted by academic institutions to ensure comparability of the results to future
studies.
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Mangroves of North Manila Bay
Mangrove forests are tidal habitats comprised of salt-tolerant trees and shrubs (Duke, 2011).
These are forests made up of different species from various plant families that can thrive on
saline conditions on offshore islets, along the coasts, estuaries and riversides. Of the 70
known species of mangroves in the world, 40 species are known to occur in the Philippines.
According to the Food and Agriculture Organization (FAO, 2007), the total estimated
mangrove cover in the world is around 15.2 million hectares found in 124 countries. Thomas
et al. (2017) suggested a rate of degradation over the period of 1990-2000 estimated at 1%
per year which is twice that of terrestrial rain forests’ loss. Out of the world’s total mangrove
cover, about 1.9% are found in the Philippines (Mayaux et al., 2005). Based on the latest data
from the Forest Management Bureau of the Department of Environment and Natural
Resources (FMB-DENR, 2013 and 2018) the mangrove cover of the Philippines is at 310,593
ha in 2010 and 303,373 ha in 2015. In terms of Manila Bay, the earliest known estimate of
mangrove cover is at around 54,000 hectares which accounts for about 10% of the 500,000
has mangrove forest cover estimate in the Philippines during the year 1890. Continuous
decline was recorded by several studies during the years 1997, 1995 and 2010.
With the advent of new methodologies for forest cover estimation using remote sensing
technologies, new estimates during the last decade were produced. Long and Giri (2011)
suggested that the mangrove cover of Manila Bay is at 956.88 has. Another estimate from
Jensen (2018) suggested that the cover is pegged at 679.4 ha. Variation on the mangrove
cover estimates may be due to the differences of interpolated satellite images and statistical
analyses. To date, the most recent estimate from the DENR-FMB for Northern Manila Bay
mangrove cover is at 1,149 ha on 2015. On 2019, NAMRIA estimated that the mangrove cover
of the entire Manila Bay is at 1,092 hectares.

Objectives of the Study
This study aims to assess the biodiversity of the remaining mangrove forests of the North
Manila Bay (NMB) using on-ground surveying. Specifically, assessment of the biodiversity of
the remaining mangrove stands in NMB specifically aims to:
1.) Determine the species composition of the mangrove ecosystems of Manila Bay;
2.) Compute the Importance Values (IVs) of each species in the mangrove forests
assessed, and;
3.) Describe the biodiversity of the sites based on quantitative indices.
The study also aims to identify possible programs, activities and projects that may strengthen
the measures to be implemented by the authorities, in relation to the biotic conditions of the
mangrove forests and the benefits it provides.

3

Site Selection
The survey was conducted in the north portion of Manila Bay scattered across the estimated
coastline of 66 kilometers and riverine areas within the Pampanga River Basin and
neighboring areas (Figure 2).

Figure 2. Site of mangrove resource assessment in North Manila Bay

Sampling Design
The rapid biodiversity assessment of mangrove ecosystems followed the methodologies
indicated in both Manual on Biodiversity Assessment and Monitoring System (BAMS) for
Terrestrial Ecosystems (Department of Environment and Natural Resources- Biodiversity
Management Bureau [DENR-BMB] & Deutsche Gesellschaft für Internationale
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Zusammenarbeit [GIZ], 2017) and DENR-BMB Technical Bulletin No. 2017-05. Additional
data analysis for mangrove community structure were lifted from English et al. (1997).
Importance value index (IVI) for each species were determined as it indicates the structural
importance of each species (Cintron & Schaeffer-Novelli, 1984). IVI was obtained by adding
the percentage values from relative density (RD), relative dominance (RDom), and relative
frequency (RF), where:
RD =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

x 100

𝑇𝑜𝑡𝑎𝑙 𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

RDom = 𝑇𝑜𝑡𝑎𝑙 𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 x 100
RF =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

x100

Diversity was measured using Shannon (H’) and Simpson (D) species diversity indices,
Margalef richness index (d) and Pielou evenness index (J’). Diversity indices and IVIs were
calculated using a script written in R Language (R Core Team, 2019). The vegetation analysis
or “vegan” community ecology package (Oksanen et al., 2018) was used in determining the
former. Fernando’s Biodiversity Scale (Fernando, 1998) was used in interpreting computed
diversity indices.

Basal Area and Stand Stock Determination
The Basal Area (BA) is the cross-sectional area of a tree calculated from the tree’s DBH in
centimeters using the formula:

𝑩𝒂𝒔𝒂𝒍 𝑨𝒓𝒆𝒂 (𝑩𝑨) = 𝜋𝑟 2
Where: π = 3.142
r = radius
= DBH (cm)/200

This formula also converts the DBH centimeters to the basal area in square meters. The Stand
Basal Area (m2/ha) is computed by adding the Basal Area (BA) of each tree divided by the
area of the plot, to wit:
𝑺𝒕𝒂𝒏𝒅 𝑩𝒂𝒔𝒂𝒍 𝑨𝒓𝒆𝒂 =

𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝐵𝑎𝑠𝑎𝑙 𝐴𝑟𝑒𝑎 (𝐵𝐴) 𝑖𝑛 𝑝𝑙𝑜𝑡 (𝑚2 )
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑙𝑜𝑡 (ℎ𝑎)

Stand Stock (stems/ha) is expressed as the number of stems per hectare using the formula:
𝑺𝒕𝒂𝒏𝒅 𝑺𝒕𝒐𝒄𝒌 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑡𝑒𝑚𝑠 𝑖𝑛 𝑃𝑙𝑜𝑡 𝑥 10,000
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑙𝑜𝑡 (𝑚2 )

𝐽 = 𝐻′/𝑙𝑜𝑔(𝑆),
where H’ is the Shannon-Weaver index and S the number of taxa (richness).
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Results
Twenty-six (26) study sites with 102 stations in total were assessed for the rapid resource
assessment across the four provinces within NMB, composed of varying substrates and
proximity to the sea or river systems.

Mangrove Distribution and Abundance
A total of 1,665 individual trees representing 21 species from 12 families were observed at the
North Manila Bay NMB (Table 1). This represents about ~50% of recorded mangrove species
Table 1. List of all the stations assessed and dominant mangrove species.

in
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the Philippines based from the accounts of Fernando & Pancho (1980) with 40 species;
Primavera et al., (2004) with 37 species; from Saenger et al., (1983) and Tomlinson (1987) as
cited in FAO (2007) with 36 species; and Geisen et al., (2006) with 38 species. Another recent
assessment was done by DENR-ERDB (2019) in the entire Manila Bay where 21 species from
13 families were reported both from primary and secondary data sources. DENR-ERDB (2019)
have also reported the occurrence of Scyphiphora hydrophylaceae (Nilad), where the name
of Manila was derived, particularly in Bataan and Las Piñas–Parañaque Critical Habitat and
Ecotourism Area (LPPCHEA).
Northeastern Bataan was found to host the greatest number of mangrove species with 10
observed species, followed by Pampanga seven. Bulacan has six observed species while
Manila (Navotas) have five observed species within the plots. All the identified species were
found to be of Least Concern (LC).

Composition and Dominance
Importance Value Index (IVI) is a measure of a species’ dominance and distribution in an area.
It considers the species occurrence in the sampling plots (relative frequency), the number of
individuals in an area (relative density) and the basal area of a species (relative dominance).
Based on IVI, A. marina (90.53%) is the most dominant species followed by R. apiculata
(71.26%) and S. caseolaris (46.21%). Relative density was the major contributor for the high
IV of A. marina and R. apiculata while for S. caseolaris, is its relative dominance (Table 2).
Species with the least IVI are L. racemosa and X. granatum. A similar result was also reported
by DENR-ERDB (2019), where Avicennia marina was found to be the dominant species
(IVI=61.48%) in Manila Bay and L. racemosa as least dominant (IVI=1.63%). A. marina is a
pioneer mangrove species with a wide distribution and can tolerate a wide range of habitats
such as highly saline environments (Geisen et al., 2006; Thatoi et al., 2016) making it one of
the most dominant mangrove species. According to Duke (1991), A. marina is also found to
co-inhabit with Rhizophora sp. and form dominant mangrove communities in Australasia.
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Table 2. Mangrove species across the Northern Manila Bay (NMB) with highest Importance Values (IV)

Diversity and Evenness
The computed Shannon-Wiener diversity index (H’) for the NMB is 1.623 and the evenness
value is 0.653. Based on Fernando’s Biodiversity Scale, the Shannon-Weiner and evenness
values are very low and high respectively. Very low diversity values may be attributed to the
presence of pure stands in some of the sampling sites such as: A. marina in Manila (Navotas)
and S. caseolaris in Bulacan. This is evident in the computed Shannon-Wiener for each
province where Manila (Navotas) (H’=0.546) and Bulacan (H’=1.253) have the lowest
computed diversity index. In addition, Manila (Navotas) also has a moderate evenness value
(0.339) and low Simpson’s diversity index (0.246) particularly due to the dominance of A.
marina.
On the other hand, relatively higher Shannon-Wiener index values were computed for NE
Bataan (H’=1.733) and Pampanga (H’=1.566), which are also the two provinces with relatively
higher number of observed species and therefore, higher richness index values. Moreover,
the evenness values for both provinces were found to be very high based on Fernando’s
Biodiversity Scale.

Stand basal area and stand stock
Forest cover can be considered as adequate/highly dense when the stocking is greater than
1,500 timber size trees per hectare, which is equivalent to an average minimum spacing of
6.67 m2. It is classified as inadequate stock/sparse diversity cover when the mangrove stand
has an average stocking of 625 to 1499 timber size trees/ha and an equivalent minimum
spacing of 16 m2 or as logged-over/cleared areas when the stocking is less than 625 trees/ha
(PCSD, 2006 as cited from DENR, 1998 and FAO, 1996).
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In the assessment of NMB, stand basal area was found to be the highest in Bulacan with 49.43
m2 ha-1, followed in Manila (Navotas) with 31.65 m2 ha-1, then in Bulacan with 25.94 m2 ha-1.
The stand basal area values obtained from this study is comparable with that in Palawan
where basal area values range from 24.64-176.89 m2 ha-1 in Puerto Princesa Bay and 25.48
m2 ha-1 in Taniguiban Cove (Becira, 2005; Dangan-Galon et al., 2016). On the other hand,
Pampanga has the least with a stand basal area value of 19.86 m2 ha-1.

Diameter Class Distribution
The Diameter at Breast Height (DBH) of all observed tree species were categorized into
groups: small (5-15 cm), medium (16-30 cm) and large (>30 cm) to determine their size
distribution. Results show that there is a larger proportion of small trees (5-15 cm) for all sites:
NE Bataan (84%), Bulacan (63%), Pampanga (74%) and Manila (Navotas) (76%) (Table 3).
In Bulacan, there was an observed greater number of medium (33%) and large-sized trees
(4%) compared to the other provinces in NMB, which probably indicates a relatively more
matured mangrove stand. NE Bataan has a relatively younger mangrove stand because it was
shown to have relatively smaller trees where a large portion are within the 5-15 cm DBH (84%)
as compared to the medium (15%) and large (1%) trees. It has to be noted that more mature
mangrove trees exist in areas outside the study scope but is within Manila Bay coast, such as
Las Pinas-Parañaque, Cavite and even Corregidor and Caballo islands.
Table 3. Diameter frequency distribution Table for the North Manila Bay (NMB) area.

Saplings and Wildlings
For Bulacan, Pampanga, and Manila (Navotas), the dominant species at the sapling stage is
A. marina, followed by R. apiculata. For NE Bataan, the dominant species is R. apiculata, then
by R. mucronata. It is interesting to note that the dominant sapling species (DBH<5 to 1 cm)
are different from the dominant tree species (DBH>5cm) in all provinces which could
contribute to more structurally complex mangrove stands. The same scenario is observed for
the dominant wildling species in NE Bataan (S. caseolaris), Pampanga (A. corniculatum),
Manila (Navotas) (R. apiculata), and Bulacan (R. mucronata). Both saplings and wildlings
comprise the cohorts for regeneration potential of the mangrove stands.
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Benthic Macrofauna of North Manila Bay
In the Philippines, Manila Bay is considered one of the most important fishing grounds
(MADECOR and National Museum, 1995). The deep embayment, shallow and muddy nature
of the bay, combined with a strategic economic location, has made the area suitable for both
capture fisheries and aquaculture (NEDA, 2018). Over the years, fish production from capture
fisheries in the bay has declined brought by unsustainable fishing practices and overfishing
(Santos et al., 2017). Production from aquaculture, on the other hand, is sustained and
continues to increase over the years. Shellfish accounts for 19% of farms in the bay (Bayate
et al., 2016). Central Luzon, which comprises most of the coast in Manila Bay, has
experienced a huge increase in oyster production in recent years. In 2016, the region
produced 21% of national oyster production at 4,323 mt. In 2018, the amount it produced
nearly tripled at 12,539 mt, which accounted for 43% of the national oyster production (PSA,
2018). This may indicate an increasing importance of the bay for the oyster industry both
regionally and nationally. In the northern coast of Manila Bay, man-made ponds devoted to
extensive polyculture and semi-intensive monoculture of shrimp, crab, tilapia, and milkfish
dominate the present-day landscape (Mialhe et al., 2015).
The importance of benthic macrofauna in Manila Bay is more appreciated for its provisioning
services (i.e., food) when in general, benthic macrofauna plays a diverse ecological role in an
ecosystem. By definition, benthic fauna are diverse assemblages in aquatic habitats crucial in
linking primary and secondary production (Salen-Picard et al., 2002), and mediating the
processing and export of organic matter (Johnson et al., 2007; van Oevelen et al., 2009).
The collective unsustainable, unregulated development in the watershed of Manila Bay has
resulted in the deterioration of water quality and destruction of critical habitats (Jose et al.,
2015). Due to this, baseline information on potentially impacted biological communities
becomes increasingly important for environmental impact assessments (EIAs) (Hirsch, 1980)
and subsequent ecological research in the bay. A baseline assessment on the benthic
macrofauna communities in the bay will fill in a huge data gap on the biodiversity of the area,
particularly in the northern deltaic complex where critical habitats (i.e., mangroves and
mudflats) are situated.

Objectives
This study aims to characterize the benthic macrofauna communities in the northern section
of Manila Bay in terms of community composition, structure, and density. The study also seeks
to determine the potential indication of the benthic community composition to the pollution
status, fisheries, and biodiversity in the northern part of the bay. Since this is the first
comprehensive study on benthic macrofauna in northern Manila Bay, the study will address
the knowledge gap on the existing benthic macrofaunal resources and biodiversity of the soft
bottom habitats of the bay. The data from the study can also be used as a baseline reference
in establishing a monitoring of the benthic macrofaunal communities in the bay. Through the
regular monitoring of the benthic macrofaunal communities, changes in the community
composition and structure through time can be further studied. The implications of the
changes in the community composition and structure may be assessed together with the water
quality status to study the environmental condition of the bay. This can then serve as a basis
for the formulation of future conservation and management plans of Manila Bay.
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Methods
To characterize the soft bottom benthic community of this section of Manila Bay, stations were
established in both the inland and foreshore sections of Navotas, Bulacan, Pampanga, and
Bataan. Stations classified as inland are sites within minor upstream rivers with a minimum
distance of 6 km from the river plume and are not located within the major river. Foreshore
sites, on the other hand, are other sampling stations located within the river delta system, river
mouths, and coastal waters of the bay (Figure 3).

Figure 3. Map of the northern coast of Manila Bay showing the sampling station (red dots) and bird
aggregation sites (dotted red lines).

A total of 30 stations were randomly selected by dividing the delta and its immediate foreshore
area into 1 km2 grids, where each grid was assigned a number between 1 to 735. If a sampling
point assigned to a certain grid was inaccessible (e.g., private property) and landed on dry
land, the station is dropped and a new sampling station is established on the nearest water
body within the 1-km radius of the previous point. Stations were also dropped if permission
was not obtained from the local government, such is the case in the Municipality of Bulakan,
Bulacan. Hence, the 6 stations that fell within their jurisdiction were randomly re-assigned in
other parts of the study area. For the collection of sediment samples for benthic macrofauna
analysis, two types of equipment were used. A Van veen grab sampler with an estimated area
of 20 cm2 was used to collect sediments in water bodies with >1 meter depth. In stations with
shallower depths (< 0.7 m max depth), an improvised core sampler and trowel with gradations
were used to collect sediment samples. Two replicate sediment samples with approximately
1 L volume were collected from each sampling point. Upon collection, the sediments were
stored in labeled resealable freezer bags and preserved with 50 ml 10% formalin solution.
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After sediment collection, the surrounding environment of each station was characterized.
Salinity was measured in-situ in three different areas of the station using a hand-held
refractometer. Based on the average salinity reading, stations were further categorized
according to salinity profiles, which can either be oligohaline (0.5-5.0 ppt), mesohaline (5.018.0 ppt), polyhaline (18.0-30.0 ppt), or euhaline (>30.0 ppt) following Mitsch and Gosselink
(1986). Substrate type, on the other hand, was characterized by visual examination. Stations
were placed into two substrate categories modified from the CATAMI visual classification
scheme (Althaus et al., 2015) namely mud-silt (smooth, unconsolidated appearance) and
sand-silt (coarse, grainy appearance). All substrate types contained silt as the region surveyed
continuously receives soil input from terrestrial sources (Soria et al., 2005).
Sediment samples collected in each station were further processed in the laboratory. Each
sediment sample was washed in a bronze sieve with a mesh size of 1 mm. Benthic
macrofauna separated in the sieve were collected using metal forceps and placed in a labeled
plastic cup for storage. For each sample, individuals were counted and identified to the lowest
possible taxonomic level.
Benthic macrofaunal composition and abundance were analyzed and compared across
location (inland vs. foreshore), substrate type, and salinity. Because benthic macrofauna were
only identified up to family level, operational taxonomic units (OTUs) were assigned for the
identified taxa. These OTUs correspond to placeholder species for each non-species level
identification (e.g., Thiaridae sp. 1).
Community measures such as density, diversity indices, and evenness were computed
accordingly. Diversity was quantified through diversity indices that take richness and evenness
into account. Taxonomic richness was computed using the specnumber function of the vegan
package (Oksanen et al., 2019), whereas diversity indices (Shannon, inverse Gini-Simpson)
were computed using the diversity function of the same package. Evenness, or the measure
of how even the observed abundances are distributed across taxa, is computed using Pielou’s
evenness (J):

𝐽 = 𝐻′/𝑙𝑜𝑔(𝑆),
where H’ is the Shannon-Weaver index and S the number of taxa (richness).
Community similarities were analyzed between the inland and foreshore stations using
Primer-E (ver. 6). In the analysis, the abundance of benthic macrofauna families per replicate
sample were square root transformed, and Bray-Curtis similarities was used to create a
resemblance matrix (Baars et al., 2015. From the matrix, the degree of unvegetated benthic
macrofaunal community overlaps in stations located in foreshore and inland waters was
determined through Analysis of Similarities (ANOSIM) and visualized using non-metric
multidimensional scaling (NMDS) (Clarke and Gorley, 2006). When community dissimilarities
were significant between locations, Similarity Percentages (SIMPER) was used to identify the
benthic macrofauna family that strongly contributes to the observed community difference.
The density of benthic macrofaunal communities across sampling stations were also obtained
by accounting the number of organisms per area (0.2 m2). To determine whether densities of
benthic macrofauna differed across location, substrate type, and salinity, a multivariate
analysis of variance was conducted on the normalized density data using the lm function of
the stats package (R Core Team, 2020). All computations were done using the R v3.6.3
software (R Core Team, 2020).
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Results
Site Characterization
Overall, majority of the sampling stations were located in foreshore areas characterized by
mud-silt substrate. These areas are within the river delta complex of Bulacan and Pampanga
where rural communities (i.e., barangays that can only be reached via boat), large-scale
private aquaculture pond, and habitats such as mangroves, mudflats, and grasslands (Plate
3) are found. Four foreshore stations located beyond the river mouth of the delta complex
were situated in Bataan (SB30 and S35), Pampanga (SB29), and Navotas (SB1). These
stations were characterized to have sand-silt substrate types where fishing structures such as
fish corrals and shellfish farms were commonly observed. Mangroves and mudflats were also
adjacent to these stations.
Inland study sites, located mostly near commercial and industrial areas, have generally mud
and sand substrate with silt deposits. The sampling stations in Malolos (SB14 and 15) and
Hagonoy (SB16 and SB17) were characterized to have sand-silt and mud-silt substrates,
respectively. These sites are all closely situated to wet markets and barangay access roads.
The sampling station in Marilao river (SB4), on the other hand, was located inside a developed
residential subdivision. However, it is notable that the substrate type in this site was mud-silt
and the coloration of water was dark (black) with a distinct foul smell. These observations in
Marilao river, which is part of the Marilao-Meycauayan-Obando river system, has been greatly
attributed to pollution brought by the discharge of untreated wastewater from upstream
effluents (ADB, 2009).
In terms of salinity, the majority of the survey areas fall under the mesohaline category (n=12)
where average salinity values ranged from 5.3-16.8 ppt. Least of the survey areas falls under
the euhaline category (n=4) where average salinity values ranged from 30.67-33.0 ppt. Survey
sites classified with an oligohaline salinity were both situated in inland and foreshore sites with
average values that ranged from 2-3 ppt and 0.6-3.07 ppt, respectively. Sites with polyhaline
and euhaline salinity, on the other hand, were mostly situated on river mouths (plumes) and
coastal areas. Across stations, the site with the lowest recorded salinity was SB18, while the
highest salinity was recorded in SB9.

Community Composition
A total of 30 macroinvertebrate taxa under five phyla were recorded in the soft bottom
sediments collected across the northern part of Manila Bay (Table 4). Mollusca had the most
representatives with 15 taxa, followed by Annelida with 9 taxa, Arthropoda with four taxa, and
the least abundant were Brachiopoda (lamp shell) and Sipuncula (peanut worms) with only
one representative taxon each. The mean density of benthic macrofauna ranged from 1.0
organisms/0.2m2 in SB2 to 428.5 organisms/0.2m2 in SB15. This implies a high degree of
variability in the benthic macrofauna aggregation across the northern section of the bay.
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Table 4. Mean density (organisms/0.02m2) of benthic macroinvertebrates across stations in the inland and foreshore sites of northern Manila Bay.
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In general, abundance was strongly driven by aggregations of molluscs where members of
Family Thiaridae dominated the majority of the surveyed stations (Plate 5). Melanoides spp.
densities were significantly higher in inland stations (p = 1.58x10-9, α = 0.05) and greatly
contributed to the density of invertebrates in SB15, SB17, and SB28. The common
characteristics of these sites were its inland location, the olive-green coloration of water, and
the prominence of biodegradable and non-biodegradable trash on the riverbanks. These
sampling stations were also closely situated to access roads and commercial areas such as
wet markets. The highest mean density of Tarebia granifera and Thiara scabra, on the other
hand, were recorded in SB15 and SB17, respectively.
Other molluscs which exhibited high degrees of aggregation were Mytella charruana (Charu
mussel) and Ruditapes philippinarum (Manila clam). M. charruana did not show significant
differences between location (p = 0.1019; α = 0.05), but dominated the invertebrates in SB1
and SB5, both of which are sites in the northeastern portion of Manila Bay (Obando-Navotas
area) where shellfish farms (tahungan) are prominent. R. phillipinarum, on the other hand,
were recorded to have dense aggregations in SB29, SB10, and SB31. SB10 and SB31 were
near the river mouths of Hagonoy and Lubao, respectively, where mangroves, mudflats, and
a few fish corrals are situated. SB29, on the other hand, was on the foreshore of Macabebe
where numerous fish corrals and shellfish farms were observed. Other molluscs which
exhibited high degrees of aggregation were Mytella charruana (Charu mussel) and Ruditapes
philippinarum (Manila clam). M. charruana did not show significant differences between
location (p = 0.1019; α = 0.05), but dominated the invertebrates in SB1 and SB5, both of which
are sites in the northeastern portion of Manila Bay (Obando-Navotas area) where shellfish
farms (tahungan) are prominent. R. phillipinarum, on the other hand, were recorded to have
dense aggregations in SB29, SB10, and SB31. SB10 and SB31 were near the river mouths
of Hagonoy and Lubao, respectively, where mangroves, mudflats, and a few fish corrals are
situated. SB29, on the other hand, was on the foreshore of Macabebe where numerous fish
corrals and shellfish farms were observed.

Community Diversity, Density, and Similarity
Overall, the benthic macrofauna communities in the northern Manila Bay exhibited low
diversity. Comparing the inland and foreshore sites, the diversity in inland habitats were higher
as compared to foreshore habitats across all metrics. While this is the case, there is minimal
difference in the metrics taxonomic richness and evenness. Across salinity profiles, taxonomic
richness showed an increasing trend with increasing salinity. Taxonomic evenness, on the
other hand, was highest in polyhaline habitats and lowest in euhaline habitats. Despite the
highest taxonomic richness recorded in euhaline habitats, the low taxonomic evenness in
these areas resulted in low diversity indices. Across substrate types, taxonomic richness and
diversity indices were markedly higher in sand-silt substrates, whereas evenness was slightly
higher in the mud-silt areas.
In terms of density, the aggregation of molluscs in foreshore areas was observed to be lower
than that of inland areas. This relationship between density and location is not consistent
across all major faunal groups wherein crustaceans and annelids occurred at higher densities
in foreshore areas compared to inland stations. It should also be noted that the high density
of molluscs in
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both inland and foreshore locations have a high standard error. This may indicate large
differences in density across different sites of the same location category. Across salinity
profiles, crustaceans and molluscs exhibited different density patterns wherein with increasing
salinity, crustacean densities increased while mollusc densities decreased. Mollusc densities
had a high standard error, which indicates large variability among different sites of the same
salinity profile. Across substrate types, all major groups were recorded to be more abundant
in sand-silt habitats. Annelids, brachiopods, and sipuncula (peanut worms) all occurred in low
densities in terms of location, salinity profile, and substrate types. Brachiopods and sipuncula
were only recorded in estuarine and polyhaline areas.

Figure 4. Mean taxonomic richness, evenness, and diversity indices across location (left column), salinity profiles
(middle), and substrate types (right). Error bars indicate standard error.
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Community analysis showed strong overlaps in macrobenthic community composition
between inland and foreshore stations (Global R=0.18; p=0.005). However, community
structure of the inland stations was generally more consistent as reflected by the tight
aggregation of sample points. In these stations, significantly higher density of gastropods
under Family Thiaridae characterized the communities. In contrast, foreshore samples were
relatively more spread in multidimensional space (Figure 4) as a result of the presence of
organisms classified under Veneridae, Tanaidacea and Mytilidae. Nonetheless, samples of
both locations remain in close proximity indicating relatively strong similarities in community
composition. In sum, 85% of the observed dissimilarities between inland and foreshore
stations could be attributed to only four macrobenthic taxa.
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The Fringing Reef Communities of Manila Bay
Manila Bay is mainly an estuary, receiving drainage from approximately 17,000km2 of
watershed (PEMSEA, 2004). As such, coral community development was limited near the
mouth of the bay facing the West Philippine Sea (DENR-ERDB, 2019), where salinity and
turbidity levels remain within the range of scleractinian tolerance. Even near the opening of
the bay, coral communities were relatively narrow and fringing. Extensive and contiguous
coralline substrate were absent in these areas. Igneous boulders, rather than a coralline
substrate, serve as the reef base where large skeleton forming sessile marine organisms
colonize and deposit their skeleton (DENR-ERDB, 2019).
In spite of its relatively limited distribution and low area coverage, the fringing coral community
of Manila Bay is recognized as a biodiversity hotspot (Ong et al., 2002) and sections of it were
recommended for protection. Among the critical habitats of the bay, coral communities have
the highest area declared as protected relative to the total habitat area covered. Of the
estimated 293.68 hectares of coral reefs in Manila Bay (DENR-ERDB, 2019), 23.8% or 69.8
hectares is protected by local legislation. Legislated as marine protected areas are the
Bulaklakin Reef Fish Sanctuary which covers 13.0 hectares, and the Carabao Island Fish
Sanctuary which covers 56.8 hectares (MPA Network 2014).
Comprehensive studies on Manila Bay’s coral community remain limited and conducted far in
between. The most recent and comprehensive study conducted in the bay showed a thriving
coral community, despite the high turbidity, sedimentation, overfishing, and destructive fishing
practices (DENR-ERDB, 2019). However, the extent of the impact of these chronic stressors
on the coral community necessitates frequent surveys, not only to monitor the current state of
the habitat, but also to evaluate the efficacy of the conservation strategy implemented. It is
important to remember that failure to recognize and mitigate coral reef habitat degradation will
negatively impact not only the sessile benthic communities but also the community structure
of its associated reef fish assemblage (Ticzon et al., 2014).

Objectives
The study presents the results of the coral community assessment inside and outside marine
protected areas established in Manila Bay. The study aims to: (a) determine the condition of
the benthic community based on current national and regional metrics; (b) determine hard
coral community structure across stations; and, (c) recommend conservation strategies in line
with the biodiversity and ecosystem conservation strategy of Manila Bay. The study is a major
undertaking of the Manila Bay Development of Sustainable Master Plan Project (MBDSMP).
Data generated from the study will not only be used to assess coral reef habitats and evaluate
the efficacy of MPA performance but will also serve as inputs to develop specific and more
responsive programs, activities and projects for benthic reef communities.
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Methodology
Five coral community areas were prioritized for the survey. The selection of stations was
based on protection, data availability, and location. Two stations were on established MPAs
(i.e., Bulaklakin Marine Reserve and Carabao Island Marine Reserve), and two stations were
GNPower coral monitoring stations. The last station was selected as a representative of coral
communities in the more sheltered section of the bay (Figure 5).

Figure 5.. Location of the fringing reef sampling stations in Manila Bay (March 2020)

The coral reef assessment method employed in the study was standard and consistent with
other studies conducted in the country. In the survey, the phototransect method (Leujak and
Ormond, 2006; Vergara and Licuanan, 2007) was used. A total of three 50-m transects were
laid ten meters apart in selected coral community areas at a uniform depth contour. Starting
at the zero mark of the transect, digital photographs were taken at one-meter interval using a
digital still camera equipped with an underwater housing. A total of 51 photos were taken per
transect. Photographs were taken at a camera to substrate distance of 75cm. The consistency
of the camera distance to the substrate was maintained using a stainless distance bar with a
camera mounting provision. The camera was set at full wide angle to capture the largest
possible large area of the substrate. Each picture was randomly overlaid with 10 points using
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the Coral Point Count with Excel extensions (CPCe Version 4.1) developed by National Coral
Reef Institute (Kohler and Gill, 2006). The photographs were then displayed on a computer
monitor screen and the life forms intercepted by the ten points were identified, recorded and
scored. For the life form identification, the standard 28 benthic life form categories of English
et al. (1997) were used. Hard corals were further identified up to the genus level. Cover was
computed using the following equation:
Coral reef status was then compared to the Philippines and Indo-Pacific average (Bruno and
Selig, 2007). Cover (%) of each of the major benthic category (i.e., hard coral, other fauna,
algae and abiotics) were compared across stations using One-way Analysis of Variance
(ANOVA).Tukey post hoc test was used to determine which station showed the significant
difference. For non-normally distributed data, the non-parametric Kruskall-Wallis test was
used. Sessile invertebrate community structure on these reefs were compared across stations
using Analysis of Similarities using Primer-E version 6. The abundance of benthic invertebrate
taxa per replicate transects were square root transformed. Bray-Curtis similarities was then
used to create a resemblance matrix (Baars et al. 2014). From the matrix, the degree of
benthic community overlaps among stations was determined through Analysis of Similarities
(ANOSIM) and visualized using non-metric multidimensional scaling (NMDS) (Clarke and
Gorley, 2006). The SIMPER package of PRIMER-E was used to determine taxa that strongly
characterize stations surveyed.
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Results
The fringing, shallow reefs south of Manila Bay developed from an igneous rock base,
composed primarily of boulders of different sizes. A diverse suite of algae and sessile
invertebrates colonized this hard, stable substrate, providing foraging grounds and more
complex refugia to mobile invertebrates and fish. The unique and diverse feature of these
fringing reefs were the basis for the establishment of marine protected areas in this section of
the bay. Among the stations surveyed, two are established MPAs namely, the Carabao Island
Marine Protected Area in Maragondon, Cavite (CR4) and the Bulaklakin Reef Sanctuary in
Ternate, Cavite (CR5). Overall, the benthic communities surveyed were characterized by
relatively high mean cover of algae and abiotics. Hard coral growth was notable only in
Carabao Island (CR4) and Corregidor Island (CR3). On the other hand, the fringing reefs of
Mariveles (CR1 and CR2) and Ternate (CR5) had higher mean cover of other invertebrate
fauna (e.g., soft corals, sponges, and mollusks) relative to hard corals. Unique among the
stations was station CR2 in Mariveles, Bataan. Here, hard coral was absent in the benthic
community, at least in the section of the reef covered by survey. The reef of CR2 exists in a
stable state where macroalgae and corallimorpharians dominated the benthic community.

Relative Cover

In general, the coral communities in the study site fell below the national and regional averages
of hard coral cover having only 15.87% (Bruno and Selig, 2007). Across stations, three of the
five fringing reefs (i.e., CR1, CR2, and CR5) had a hard coral cover of less than 10%. In the
two island reef stations (CR3 and CR4), mean hard coral cover was higher and exceeded the
estimated average hard coral cover for Philippines (25%) and the Indo-Pacific region (22.1%)
(Bruno and Selig, 2007) (Figure 6).
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Figure 6. Relative cover of general benthic categories across stations surveyed in Manila Bay
(March 2020)

In addition, these island reefs were more physically complex. Although dominant hard coral
life forms were generally similar in the four stations with coral growth, significantly higher mean
cover of hard corals in the island reefs (ANOVA, p=0.00) and the presence of numerous large
boulders in these areas enhanced the overall topographic complexity of the reefscape.
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Figure 7. Mean percent cover of hard corals in the stations surveyed in Manila Bay (March 2020). The solid
red line marks the mean hard coral cover estimated for the Indo-Pacific region, while the broken red line
indicates the mean hard coral cover f

Overall, 20 hard coral genera categorized under 10 families were identified in four of the five
reef stations surveyed. Among the hard corals, Porites and Goniastrea were consistently
found in all coral communities assessed in the study site. These hard corals comprise more
than a third of the total hard coral cover intercepted in the study site. Porites alone contributed
31% to the overall mean total cover of hard corals, while Goniastrea contributed 6%. Other
hard corals commonly found in the study site were Turbinaria, Galaxea, Favia, Favites,
Heliopora, Millepora and Goniopora. Overall, these nine genera comprised 69% of the total
hard corals intercepted in the study site.
Excluding all hard corals, all other invertebrate fauna intercepted were classified under the
“Other Fauna” (OT) category. This is in spite of the established close relationship between
corallimorpharians and hard corals (Medina et al., 2006). Across the stations surveyed, station
CR2 has significantly higher mean cover of other fauna (ANOVA, p=0.004). In terms of
composition, a more varied aggregation of non-hard coral taxa was observed in the more
exposed fringing reefs, while the more inner reefs of CR2 and CR5 have a relatively higher
percent composition of corallimorpharians. Although with relatively limited mean cover, soft
corals were intercepted more in the island reef stations, while sponges of different forms were
in turn, generally common across stations surveyed. Other invertebrate groups intercepted in
the transects included sea cucumbers, sea stars, brittle stars, sea urchins, bivalves, barnacles
and tunicates. Among these other non-coral taxa, sea urchins were consistently found in all
stations, and were most common in CR5. Although not intercepted in the transects, hydroids,
stoloniferans, lophophorates, gastropods, and nudibranchs were also observed close to the
transects surveyed. Percent cover of the different algal types such as algal assemblages (AA),
coralline algae (CA), macro-algae (MA), turf algae (TA), and those growing on the more
recently dead corals (DCA), were combined under the Algae category. Algae in general, were
estimated to cover a little over a third (34.37%) of the benthic substrate in the study area.
Mean algal cover across stations also did not significantly vary (ANOVA, p=0.546) and ranged
from 29.35% in CR2 to 39.04% in CR5.
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Table 5Table 5.1. Mean percent cover of hard corals intercepted in the five coral reef stations surveyed in
Manila Bay (March 2020)..

Across the stations, densely growing, low relief filamentous algae classified as AA covered
notable sections of the reefs surveyed and were estimated to have the highest mean cover
among algal forms in stations CR1, CR4 and CR5. Although still with relatively high AA cover,
station CR3 was characterized bya relatively higher mean cover of DCA and CA, while dense
growth of macroalgae was observed in CR2. The near shore, shallow section of Station CR2
was densely covered by Sargassum, while in the deeper area where the survey was
conducted, dense growth of encrusting Caulerpa was observed. Other macroalgae
intercepted in the survey transect were Padina, Turbinaria, and unidentified brown and green
algae.
Abiotics comprise a significant section of the fringing reefs surveyed, ranging from 22.06% in
CR4 to 44.64% in CR5. Difference in abiotic cover between the mainland and island fringing
reefs was clear with the latter having significantly lower mean abiotic cover than the former
(ANOVA, p=0.01). The composition of abiotics also showed marked difference across
stations. Uncolonized to sparsely colonized rocks characterize the more exposed reefs of
stations CR1 and CR3, while loose abiotics had higher mean cover in the relatively more
sheltered stations of CR2, CR4 and CR5. Among the stations surveyed, CR2 was
characteristically unique in terms of loose abiotic cover. In this station, bivalve, barnacle and
gastropod shells comprise the majority of the loose rubble substrate. It is also important to
note that despite the generally turbid and silted environment of Manila Bay, the reefs surveyed
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have zero to very minimal silt cover, except in station CR5. The fringing reef of CR5 was
heavily silted, with silt deposits accumulating in natural reef pockets, undisturbed by waves.
Overall, the fringing reefs surveyed have significantly dissimilar sessile invertebrate
community structure (ANOSIM Global R=0.87; p=0.00). Clear separation of reef stations in
multi-dimensional space indicates the relative uniqueness of each reef area in this section of
Manila Bay. In general, approximately 40% to 80% of the observed dissimilarities among
stations were driven by relatively few taxa. The hard coral Porites were relatively more
abundant in station CR1 relative to other stations while the corallimorpharian Rhodactis sp.
characterize benthic faunal community of station CR2. Consistent with the recent assessment
conducted in Corregidor Island (DENR-ERDB 2019), station CR3 was characterized by
encrusting Turbinaria while encrusting Montipora characterized the station CR4 in Carabao
Island. Low mean hard coral cover, patchy hard coral growth among transects, and the relative
dominance of Porites and Rhodactis in station CR5 resulted in weak overlaps with other
stations.
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Reef Fish Community Assessment at Selected
Reef Sites in Bataan and Cavite
This report presents the results of the rapid resource assessment of the reef fish communities
at selected reef areas along the shorelines of Bataan and Cavite. This is a component of the
resource assessment of Manila Bay and highlights the current condition of the fish
communities at the select reef sites. The information generated from this study will supplement
an on-going management development program for the rehabilitation and protection of critical
habitats and marine resources of Manila Bay. The overall objective of the study was to conduct
a rapid assessment of the coral reef fish communities at selected reef areas within Bataan
and Cavite. Fish communities at the selected sites were characterized in terms of their species
composition and density, estimated abundance, and estimated biomass based on their sizes
and abundances. Recommendations based on the finding that will contribute towards the
design of the management plan of Manila Bay are discussed.

Methodology
The fish communities at five selected reef sites were surveyed in March 2020 (Figure 6.1).
Reef sites included marine protected areas and open access sites. Two sites were surveyed
in Bataan and three sites were surveyed in Cavite. Geo-references and the relative locations
of these sites are presented in Map 6.1. Fish were surveyed along three replicate 50-meter
transects laid across the reef. The transects were parallel to the shoreline and maintained a
relatively consistent depth within each station. Survey depths and water visibility varied
between stations from only 1 to 3 meters depth and 1-meter visibility at CR5-Bulaklakin MPA
to about -5 meters depth and 10 meters visibility at CR4-Carabao Island MPA.
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Results
The reef areas surveyed in Bataan and Cavite were shallow fringing reefs and coral
communities, except for the Carabao Island MPA reef. Underwater visibility was poorest at
CR5-Bulaklakin MPA at about 1 meter and was greatest at Carabao Island at about 10 meters.
The water at Station CR1-Alasasin was greenish and turbid. Underwater visibility at this station
was very poor. The hard corals at the Alasasin reef were mainly encrusted on rocks and
boulders. A similar coral community was observed at CR3-Corregidor where large rocks and
boulders with encrusted by corals. The reef had relatively high physical complexity but with
few available microhabitats that may be used as refuge by mobile organisms. CR2-Mountain
View was also rocky but unlike CR1-Alasasin and CR3-Corregidor the rocks at this site were
mostly covered by various invertebrates such as mollusks and corallimorpharians, as well as
algae. There were dense debris of mollusk shells on the bottom at this station, as well as
dense patches of macroalgae such as Sargassum sp. and Caulerpa sp.. Station CR4-Carabao
Island MPA had the clearest water among the survey stations with underwater visibility of at
least 10 meters. The bottom of the reef was limestone and hard coral growth forms were varied
with encrusting, massive and branching lifeforms. Station CR5-Bulaklakin MPA had the least
underwater visibility of less than 1 meter. The bottom was covered with silt and algae, with
minimal hard coral growth.

Species Density
A total of 106 unique species of fish from 30 families were identified from the five reef sites
surveyed. The total number of fish species listed at the different sites within the survey
transects and during the roving diver surveys varied from only 22 species at CR5-Bulaklakin
MPA to 52 species and 56 species at CR4-Carabao Island MPA and CR3-Corregidor,
respectively. The total
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Figure 8. Mean estimated fish abundance (Individuals/250m2) at five survey stations in Bataan and Cavite
(March 2020). Error bars standard deviations.

number of fish species identified at CR1-Alasasin and CR2-Mountain View were 34 and 26
species, respectively.
Mean fish species richness ranged from lows of 10(±3) species and 11(±3) species/250m 2 at
CR5-Bulaklakin MPA, CR1-Alasasin and CR2-Mountain View, up to highs of only 17(±2)
species and 18(±3) species/250m2 at CR4-Carabao Island MPA and CR3-Corregidor,
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respectively. From the five survey stations a total of 84 species of fish were identified within
the survey transects. This total was composed of 57 major or ecologically important fish
species, 25 target or commercially important fish, and 2 reef health indicator species. The
same compositional pattern of fish assemblages featured across survey stations. Major
species were the most diverse group across all stations with mean numbers of 7 to 14 species.
A mean of at least 3 to 6 species of target fish species were identified per 250m2 reef area at
the survey stations, while indicator species were only present at CR1-Alasasin and CR3Corregidor.
The 57 species of major fishes were mainly composed of 18 wrasses (Labridae) and 14
damselfishes (Pomacentridae). Cardinalfishes (Apogonidae) and blennies (Blenniidae) were
also diverse with 5 and 3 species each. Only 1 or 2 The 57 species of major fishes were mainly
composed of 18 wrasses (Labridae) and 14 damselfishes (Pomacentridae) Cardinalfishes
(Apogonidae) and blennies (Blenniidae) were also diverse with 5 and 3 species each. Only 1
or 2 species were identified for the other families of major fishes which included the
triggerfishes (Balistidae), razorfishes (Centriscidae), hawkfishes (Cirrhitidae), porcupinefishes
(Diodontidae), urchinfishes (Gobiesocidae), gobies (Gobiidae), boxfishes (Ostraciidae),
sweepers (Pempheridae), sandperches (Pinguipedidae), scorpionfishes (Scorpaenidae),
groupers (Serranidae), pufferfishes (Tetraodontidae), triplefins (Tripterygiidae), and the
Moorish Idol Zanclus cornutus (Zanclidae). The target fish species identified were 6 species
of parrotfishes (Scaridae), three species each of surgeonfishes (Acanthuridae), fusiliers
(Caesionidae), goatfishes (Mullidae) and groupers (Serranidae), 2 species each of wrasses
(Labridae), snappers (Lutjanidae) and breams (Nemipteridae), and 1 species each of
rabbitfish (Siganidae) and barracuda (Sphyraenidae). The two indicator species were both
butterflyfishes (Chaetodontidae).

Fish Abundance
The mean total estimated abundance of fish was 102(±71) individuals/250m2. Mean fish
abundance was highest at CR2-Mountain View with 207(±111) individuals/250m2 and were
similarly low at the other four stations with the least at CR5-Bulaklakin MPA with 65(±23)
individuals. Major fishes were numerically dominant over target and indicator species. There
were about 51 to 70 individuals/250m2 of major fishes at each of the stations, except at CR2Mountain View were there were 191 individuals of major fishes. The mean number of target
species at the survey stations only ranged between 6 and 26 individuals/250m2, while only a
single individual of indicator species was counted along the three transects at CR1-Alasasin
and CR3-Corregidor.
The most abundant among the major species identified were the damselfish Pomacentrus
cuneatus and the wrasse Halichoeres nigrescens. P. cuneatus was present at all the reefs
surveyed except at CR4-Carabao Island MPA and it was most abundant at CR2-Mountain
View and CR1-Alasasin with 37 and 24 individuals/250m2, respectively. On the other hand, H.
nigrescens was only recorded in three of the survey stations and was most abundant at CR2Mountain View with a mean abundance of 47 individuals/250m2. The other major fishes with
notable abundances were the cardinalfish Apogon fragilis (CR2 and CR5), the moon wrasse
Thalassoma lunare (all stations), and the damselfishes Chrysiptera unimaculata (CR1 and
CR2), Pomacentrus adelus and Pomacentrus coelestis (4 stations). Among the target fishes,
the species with notable abundances were the surgeonfishes Ctenochaetus striatus (CR4)
and Ctenochaetus binotatus (CR3 and CR4), the snapper Lutjanus lutjanus (CR2 and CR5),
the goatfish Parupeneus multifasciatus (CR1, 3 and 4), the bream Scolopsis vosmeri (CR1
and CR2), the parrotfishes Chlorurus spilurus (CR1, 3 and 4), Scarus forsteni (CR3 and CR4)
and Scarus rivulatus (CR1 and CR4), the grouper Cephalopholis boenak (all stations) and the
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barracuda Sphyraena flavicauda (CR2). Only one individual each of the two indicator species
were found, the butterflyfish Chaetodon kleinii at CR1 – Alasasin, and Chaetodon vagabundus
at CR3 – Corregidor.

Fish Biomass
The mean estimated biomass of fish at the survey stations ranged from 0.4(±0.2) kg/250m2 at
CR5-Bulaklakin MPA to 1.8(±0.2) kg/250m2 at CR4-Carabao Island MPA. The mean total
estimate was only 1(±0.7) kg/250m2 and among the survey sites only CR2-Mountain View and
CR4-Carabao Island MPA had fish biomass estimates greater than the mean total. Major
fishes contributed most towards the biomass of fish at the survey stations except at CR4Carabao Island MPA. Major fishes contributed between 0.31 and 1.22 kg/250m2 of biomass
at each of the survey stations. These estimates were between 40% and 80% of the mean
biomass estimates at the reefs. At CR4-Carabao Island MPA, however, target fishes
contributed 1.09 kg/250m2 of biomass or about 60% of the mean estimate at this station.
Five major species had the highest mean total biomass estimates and these included the
wrasses Halichoeres hortulanus, H. nigrescens and T. lunare, and the damselfishes P. adelus
and P. cuneatus. Among the target species, only the surgeonfish C. striatus and parrotfish
Scarus forsteni had relatively high mean total biomass estimates. These seven species each
had a mean estimated biomass of about 0.1 kg/250m2.

Figure 9. Mean estimated fish biomass (kg/250m2) at five survey stations in Bataan and Cavite (March 2020).
Error bars standard deviations.
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Rapid Assessment and Characterization of the
Fisheries at Selected Areas in Manila Bay
Capture fisheries and aquaculture are among the major livelihoods of communities along the
coastline of Manila Bay. However, intense and overfishing together with pollution, have
affected the quality of fishes and other marine resources that are caught within the bay
resulting in declining fisheries production. In other countries it has been documented that
drastic changes in climatic conditions have likewise adversely impacted fisheries productivity.
This study aimed to conduct a cursory characterization of the fisheries at selected areas in
Manila Bay. It also hoped to determine the supplemental and alternative livelihoods of the
target communities, and their responses of communities to changes in sea and ground levels
as brought about by climate change and subsidence. The information generated from this
study is a significant contribution to the formulation of the Manila Bay Masterplan.

Methodology
Focus group discussions (FGD) were conducted in selected coastal barangays in Pampanga,
Bataan, Bulacan, Navotas and Cavite from 6 to 12 March 2020. Fourteen barangays were
selected for the study. The sites were selected based on the presence of coastal fishing
communities, and their relative isolation from major cities and municipal centers. The major
mode of transportation to access these sites was by boat.
Surveys were only conducted in 11 of the 14 barangays. The community at Bulacan, Bulacan
was strongly opposed to the proposed construction of an airport in the area and were
suspicious of any surveys, sample collection or studies being conducted. The mangrove
survey and sediment collection team were not allowed to conduct their studies by the locals.
Hence the fisheries team decided to abort the FGDs in deference to the community and for
safety considerations. FGDs at 2 other sites in Bataan were likewise cancelled due to the
declaration of the enhanced community quarantine in Metro Manila as brought about by the
COVID-19 pandemic.
The six major topics discussed during FGDs were:
1.)
2.)
3.)
4.)
5.)

Fishing community resources and practices
Target catch/catch composition
Location of fishing grounds
Preferred alternative livelihood options and government assistance
Innovations implemented to cope with sea level rise, ground subsidence and storm
surge
6.) Other climate change adaptation measures adopted in the community
A printed map of Manila Bay was used to determine the estimated fishing locations of the
fisherfolks.
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Results
A summary of the salient information obtained from the participants during the conduct of the
focus group discussions at the target barangays are summarized in Table 7.2. The majority
of the respondents from the barangays visited fished beyond municipal waters. Only the
fishers from the four barangays sampled in Pampanga reportedly fished within municipal
waters. These barangays were Consuelo in Macabebe, Batang 2nd in Sasmuan, Sapang
Kawayan in Masantol, and Bancal Pugad in Lubao. This may be due to the small-scale type
of fishing gears that they employ (i.e. spear guns, hand picking, push nets, etc.), as well as
the presence of fish pond operations in these municipalities (Table 7.2). Bottom set gill nets,
purse seines, and hook and line were reported in the other barangays in Bulacan and Bataan.
The reported composition of the catches of fishers across all the barangays sampled were
largely pelagic fish species (i.e sardines), and demersal invertebrates associated with muddy
and silty substrate (i.e. shrimp, crabs) (Table 7.2). Where fish pond and fish cage operations
were present milkfish and tilapia were also major fisheries products.
Government assistance to fishing communities varied between sites. Assistance programs in
the form of skills trainings and workshops (TESDA) for livelihoods in automotive repair, soap
and candle making, massage therapy, electrical and welding services have been conducted
in Pamarawan in Malolos and Pugad in Hagonoy (Bulacan), Bancal Pugad in Lubao
(Pampanga), and Pantalan Luma in Orani (Bataan) (Table 7.2). The Bureau of Fisheries and
Aquatic Resources (BFAR) has also provided assistance to fishing communities in Pugad in
Hagonoy (Bulacan), Consuelo in Macabebe (Pampanga) and Mabatang in Abucay (Bataan).
The assistance from BFAR in Consuelo, however, was only during the time of then President
Marcos. The assistance from BFAR included boats and fishing nets. No government
assistance was reported by fishers from Masukol in Paombong (Bulacan) and Batang 2nd in
Sasmuan (Pampanga), Sapang Kawayan in Masantol (Pampanga).
The fishers from the different barangays visited engaged in various alternative and
supplementary livelihoods (Table 7.2). This was especially true during typhoon season when
fishing activities are limited by strong waves. Many of the respondents in Bataan and Bulacan
work as construction workers, and tricycle drivers. Others produce and manufacture other
fishery products such as bagoong or fish paste. Aside from working in construction projects
and driving tricycles, the fishers in Pampanga also work for fish ponds operators in the area,
repairing damages during typhoons and as harvesters and guards. The wives of fishers in
Tanza 1 and Tanza 2 in Navotas reportedly provide laundry services, sell vegetables and
weave nets to augment the income of the family.
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Sea level rise and ground subsidence were observed at all the barangays visited except at
Mabatang in Abucay (Bataan) (Table 7.2). The respondents in Mabatang suggested that the
presence of their mangrove forest
prevents storm surges from impacting the coastal communities in the area. At the other
barangays where sea level rise and ground subsidence have been observed, they have
constructed or have proposed to construct (mega-) dike and breakwater structures. Dredging
was done in Tanza, Navotas, and mangrove planting projects were initiated in Binuangan in
Obando, Pamarawan in Malolos, and Pugad in Hagonoy (Bulacan). Where ground subsidence
and sea water rise have impacted coastal road systems, piling of sand and soil were the main
strategies undertaken by local communities.
It is clear from the information gathered from the different barangays that the fisheries in these
areas are largely pelagic and demersal in nature. Catch composition suggests that demersal
species caught are those more closely associated in muddy substrates, and not those
commonly found in hard, coralline habitats. Fishing activities and income from this practice is
strongly limited by weather conditions. During typhoon season fishers are unable to go out to
fish due to very strong waves and dangerous conditions. Assistance provided by the
government to fishing communities are limited to skills and livelihood training and workshops.
However, it was not clear from the information obtained if these training are helpful in obtaining
alternative employment. Many fishers reported that they engage in various alternative
livelihoods, the most common of which is as construction workers. In Pampanga fishers are
also able to work in fish ponds as laborers, harvesters or guards.
The impacts of climate change on their fisheries are as of yet unappreciated by the fishers.
Although literature clearly projects losses in fisheries productivity (Pratchett et al., 2011;
Brander, 2009) and immediate management intervention are needed (Brown et al., 2012), the
fishers interviewed did not share any such information or observation. Climate change effects
that they are mostly aware of are the impacts of typhoons and storm surges, and various
adaptive measures have been undertaken by the communities with assistance from the
government, and by non-government organizations and the academe in some areas. No
measures or interventions that aim to improve or sustain their fisheries were discussed by the
respondents.
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Table 6. Summary of information obtained from focus group discussions at different barangays in Manila Bay
(March 2020).
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Summary, Conclusion and Recommendations
The rapid resource assessment was conducted in two general sections of Manila Bay where
majority of the remaining critical habitats are located. These study sites were in the deltaic
coastal plain north of Manila Bay and in the more exposed southern half of the bay. The deltaic
coastal plain of Manila Bay has been identified as a priority biodiversity conservation area for
birds (Jensen, 2018) while its coastal waters were reported to be critical habitats for a diverse
aggregation of invertebrates and juvenile fish (Ong et al., 2002; Bendano et al., 2017). The
area is placed under the Extremely High critical category and as such, should be given
immediate priority in terms of designing and implementing effective conservation plans and
actions (Ong et al., 2002). However, the area is heavily populated while the more near-shore
area has been mostly converted to fishponds. Furthermore, the area is naturally subsiding
from sediment compaction that has been enhanced by unregulated groundwater extraction in
area since the 1970’s. In the southern half of the bay, highly complex hard substrate is more
commonly found fringing the coastline. These areas remain as important fishing grounds and
biodiversity hotspots, particularly the waters around Corregidor and Carabao Islands (Ong et
al., 2002). Except in these islands, coastal development has intensified in the southern half of
the bay.
A summary of the resource inventory findings and concerned MBSDMP PAPs are listed on
Table 8.1.
Table 8.1. Summary of salient findings of the resource inventory study.

Ecosystem

Indicator

Current Value

Concerned
PAPs

(Result of RRA)
Mangrove

Total Mangrove Cover

1,092 hectares

RNH01
RNH02
RNH04

Species Richness

Corals

21 species

RNH01

Species Abundance of 425 trees
Trees

RNH01

Total Coral Extent

RNH01

293.68 hectares

RNH02
RNH03

Reef Fish

Mean Hard Coral Cover

15.87%

RNH01

Generic Richness

>20

RNH01

Fish Biomass

400g /100m2

RNH01

34

Species Richness

106

RNH01

Species Abundance

40.8 indiv/100m2

RNH01

1,343 hectares

RNH01

Mudflats
and Total mudflat extent
Soft
Bottom
Communities

RNH03
RNH04

Invertebrate
richness

taxonomic 30 taxa

Invertebrate density

2235.5 organisms/0.02m2

RNH01

RNH04

The results of the study showed a generally stressed Manila Bay ecosystem. The impacts of
pollution, land conversion and overfishing were clearly manifested in the results of the different
studies conducted. Habitat degradation, smothering, phase shifts, and biomass loss,
characterize majority of the stations surveyed. The following paragraphs describe the current
disturbed conditions of critical habitats and associated communities in Manila Bay.
• Mangrove forests have been severely degraded in Manila Bay in the last few decades.
Currently, mangrove diversity in the bay is categorized as low, while evenness and
dominance is high. Majority of the old growth mangrove forests are gone and the
distribution of the remaining patches, including the recently planted, were relatively few
and far in between.
• Soft bottom communities were mainly dominated by non-indigeneous and invasive
taxa belonging to Family Thiaridae. Diversity of macrobenthic communities in the northern
deltaic complex of the bay was characterized to be generally low and consistent across
inland and foreshore sites. Polychaetes, which were normally abundant in foreshore areas,
were recorded to have low densities across the sites. These results suggest that the
northern portion of the bay is in a highly disturbed state, which could be attributed to the
existing pollution issues reported in the bay.
• The hard coral community in Manila Bay exists in a highly stressed state, with three of
the five stations surveyed having less than 10% hard coral cover. Turbidity was also high
on these reefs, with underwater visibility estimated at 1 to 3 meters only. Furthermore, silt
was also found deposited and trapped on dense algal matrix and natural reef pockets in
these stations, smothering corals and other sessile invertebrates on the reef. Lastly,
management interventions implemented to protect some of these reefs was weakly
enforced, with extractive activities continue to take place. Enforcement of protection
program on hard corals may lead to increase of hard coral percentage and the value is
targeted to be at par with the Indo-Pacific mean of 22% or higher.
• The reef-associated fish communities were characterized by low diversity, low
abundance and poor biomass. The composition of the fish assemblage at the reefs
surveyed was skewed towards non-commercially important reef fishes, and the species of
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fisheries value observed were small in size. Poor habitat quality and fishing pressure are
the probable drivers of the current condition of the reef fish communities.
• The fisheries in Manila Bay only partially support the resource-based/fishing
communities. Fishing activities are naturally limited by monsoon and there are strong
issues in encroachment into municipal waters by neighboring fishers. Government support
targeting the fishing sector is reportedly limited. Many fishers engage in supplemental and
alternative livelihoods especially during poor weather conditions.
However, certain areas in the bay remained in relatively good condition and are recommended
as priority sites for protection. Aside from the already existing protected areas, sections of
Manila Bay impacting recovery of disturbed habitats must be prioritized in restoration and
rehabilitation efforts. Furthermore, efforts must also consider not only existing diversity and
habitat coverage, but also the uniqueness and nursery functions of the area. The following
paragraphs suggest important points in conducting restoration, rehabilitation and
management projects in Manila Bay.
• Mangrove restoration and rehabilitation must be prioritized near the identified line of
coastal defense (see MBSDMP Management Plan). Restoration and rehabilitation of
mangroves in subsiding grounds must also be avoided since rapid ground subsidence and
estuarine water inundation of restoration area will prove unsuccessful. It is expected that
more species existing in the bay will be documented as more assessments will be
conducted thus, documented species richness will increase. Based on estimates of the
sampled area to the overall mangrove cover of the Bay, it is expected that more mature
trees with DBH>16cm will be documented (around 4x) if conservation programs will be
implemented.
• Since soft bottom communities were mainly dominated by non-indigenous and
invasive organisms particularly in the inland stations, it is highly recommended to
rehabilitate the inland rivers in the Bulacan-Pampanga river delta complex. Pollution load
from the industrial, agricultural, and aquaculture industries shall be properly managed as
it will eventually drain to the lower portion of the delta complex and to the coastal shores
of the bay. It is also important to implement strict protection and conservation measures
on the critical habital habitats, particularly on the mudflats, because it does not only house
soft bottom fauna but it also serves as a feeding ground for local and migratory birds. For
this survey, it is highly recommended to protect SB34 in Brgy. Kabalutan, Orani. Although
diversity of soft bottom fauna was generally low, this site was one of the most diverse sites
across stations, next to SB9. This site is also a confirmed mudflat.
• The results of the study point to the immediate protection of Corregidor Island and the
enforcement of a stricter protection strategy in Carabao Island Marine Reserve. In these
areas, mean hard coral cover and generic abundance was significantly higher compared
to the fringing reefs surveyed in mainland Mariveles and Ternate. In these island stations,
mean hard coral cover exceeded the regional and national average (31.58%).
Furthermore, majority of the hard coral genera intercepted in the survey were found on
these island reefs. Also recommended for immediate protection is Station CR2. The
habitat, which is a corallimorpharia-algal habitat, makes it unique from other hard bottom
habitats in the bay. Combined with complex topography, this habitat was observed to
harbor a diverse aggregation of invertebrates, particularly mollusks. Thus, for biodiversity
conservation, this area is important to protect.
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• In spite of the poor state of reef fish communities in the study site, the reefs surveyed
in Bataan (CR2) and Corregidor Island (CR3) should be protected as important fish
nursery areas. In the survey, dense clouds of fish larvae were found on these reefs. The
presence of these larval clouds is a possible indication of the nursery functions of these
shallow reefs.
• The generated spatial map shows the distribution of critical habitats in Manila Bay.
Mangrove forests and shallow fringing reefs were limited in their distribution while shallow
mudflats were extensive in the foreshore area of North Manila Bay. As such, rehabilitation
and protection should focus more on reviving mangrove areas in NMB and establishing
MPAs in the shallow fringing reefs near the mouth of the bay.
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