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— ABSTRACT

The establishment of marine protected areas (MPAs) has positively impacted reef fish diversity,
abundance, and biomass, and these MPAs are often assessed based on these fish parameters. In the Philippines,
government support for marine conservation is evident in various policies instituted. In this paper, we assessed
the three established MPAs (Molugan, Hermano, Mambayaan) within Misamis Oriental, Northern Mindanao,
Philippines, through underwater fish visual census (FVC). Reef fishes' diversity, abundance, and biomass
between inside and outside the MPAs were computed, and sites were categorized based on established criterion.
Diversity (moderate to high), abundance (moderate to high), and biomass (medium to very high) of reef
fishes were not significantly different inside and outside the MPA, except for Hermano’s reef fish abundance.
However, the numerical values for reef fishes' diversity, abundance, and biomass were observed to be higher
inside the MPAs compared to outside the MPAs. With these findings, it is evident that MPAs influence an
increase in diversity, abundance, and biomass, particularly for target fish species that are more economically
valuable. We suggest that conservation actions for reef fishes through the establishment of MPAs were effective
and, therefore, must be continuously implemented and monitored.
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1. INTRODUCTION groups: economically important food and aquarium
fishes are grouped as target fishes (important to

r I ~he Coral Triangle, which stretches across fisheries); fishes directly linked to coral health are
Indonesia and the Philippines, is home to called indicator species; and fishes that are neither
around 4,350 marine reef fish species and is target nor indicators are called major fishes (visually

one of the world's most important conservation areas dominant species with no commercial value; English
(Limmon et al. 2020). The Philippines, consisting et al. 1997). Albeit having no economic value to
of more than 7,100 islands, is in the center of the humans, the dominant fish groups are nevertheless
Coral Triangle and is one of the top priorities for ecologically important, providing food for the highly
marine conservation worldwide (Roberts et al. 2002).  priced target species as well as playing important
Reef fish species are generally classified into three roles in nutrient cycling. Reef-associated fish diversity
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distribution was driven by multiple factors like area,
temperature, environmental stability, and geological
processes, based on large geographic scales (Mora
et al. 2003). On a finer scale, however, reef fish
distribution and structure were linked to biological
and physical variables such as the cover of living hard
corals, encrusting corals, branching corals, depth, and
distance from the mainland’s coast (Van Nguyen and
Kim Phan 2008; Ticzon et al. 2012). Reefs and their
associated resources have provided livelihoods for a
considerable percentage of the coastal community
for decades and are currently under pressure due to
overexploitation and the impacts of climate change on
the marine environment (Arin et al. 2000; Macusi et
al. 2021). A continued decline in coral reefs has been
observed in recent studies (Licuanan et al. 2019),
which directly impacts the diversity and biomass of
reef fisheries, and thus protecting their habitat will
positively affect reef fish biomass (Friedlander et al.
2003). Increasing fishing pressure, overexploitation
of reefs, and habitat degradation have led to declining
populations and poor condition in coral reef fishes.
To counteract this decline, Marine Protected Areas
(MPAs) have been established all over the Philippines
for many decades. These MPAs have already
demonstrated their effectiveness; some studies have
reported significant increases in fish abundance and
biomass, particularly among large-bodied target fish
species within MPAs (Alcala 1988; Magdaong et al.
2014; Samoilys et al. 2007). Several studies have shown
that MPAs have higher biomass, abundance, and
density per year than unprotected areas, indicating
that effective conservation strategies have positively
impacted fisheries resources (Corrales et al. 2015;
Gonzales and Gonzales 2016; Samoilys et al. 2007).
Given its effectiveness, the establishment of MPAs
or marine reserves is a critical tool for sustaining
the depleted nearshore fishery resources against
the threats of overexploitation and other natural
calamities, which is why it is vital in the Philippines
(Guzman 2016; Wantiez et al. 1997; Abesamis et
al. 2006). The most promoted and widely adopted
strategy for marine conservation in the Philippines is
the establishment of community-based MPAs (Muallil
et al. 2019). These MPAs are established through
municipal ordinances, as prescribed by the Philippine
Fisheries Code (Republic Act 8550, as amended by
10654), which requires the Local Government Unit
(LGU) to protect at least 15% of its municipal waters.
Hence, these MPAs are under the jurisdiction of
the local government units. On a broader scale, the
Philippine government implemented the National
Integrated Protected Area System Act 1992 (RA

7586, 1992) to classify and administer all designated
protected areas to maintain essential ecological
processes and life-support systems, to preserve genetic
diversity, to ensure sustainable use of resources found
therein, and to maintain their natural conditions to the
greatest extent possible as part of their efforts in the
conservation of its natural resources. As mandated by
the NIPAS Act of 1992, the Philippines has nationally
managed networks of MPAs administered by the
Department of Environment and Natural Resources
(DENR). The management responsibility for MPAs
established within NIPAS areas is shared among the
community, the local government, and the Protected
Area Management Board (PAMB), headed by DENR.
These MPA sites have relatively small, no-take marine
reserves established to curb local overexploitation of
fisheries resources (Aurellado et al. 2021). Despite the
legal basis for protecting natural resources, especially
those in the marine environment, LGUs often lack
the political will to implement the law strictly, fearing
they will not be re-elected, resulting in weaker and
unsustainable implementation if not supported
externally (Muallil et al. 2019). At present, numerous
MPAs have been investigated and have shown to be
successful in preserving coral reef biodiversity and
boosting wild fish stock populations, including the
Sumilon Island Marine Reserve and Apo Island
Marine Reserve, which are currently managed by
PAMB (Alcala and Russ 2006; Fidler et al. 2014).
However, the conservation and improvement goals of
over 70% of locally managed MPAs in the Philippines
remain unmet (Muallil et al. 2019). In Macajalar Bay,
10 of the 14 constituent towns have adopted locally
managed MPAs covering 4-22 hectares; some have
been operational since the late 1990s. A previous
assessment of the bay's marine ecological resources
showed that average reef fish biomass was in the
medium category at 12.6 metric tons/km?. Three of the
14 towns have shown high fish biomass (>20 metric
tons/km2): Balingasag, Jasaan, and Laguindingan.
A third (28%) of the recorded fish biomass in the
area was composed of economically important fish
species, dominated by surgeonfish (Acanthuridae)
and parrotfish (Labridae). More than 300 species of
reef fish belonging to 42 families were recorded in the
bay. The highest density of reef fish was recorded in
Balingasag (1,998 ind/km?) and Jasaan (1,788 fishes/
km?), followed by Salay (1,622 fishes/km?).

To determine the effectiveness of the MPAs
in achieving its long-term goal for mitigating the
effect of overfishing and other natural phenomena
that facilitate the decline in reef fisheries, this study
on reef fish community structure in the marine
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protected area (MPA) was conducted to determine if
there are differences in terms of diversity, abundance
and biomass between inside (protected) and outside
(non-protected) of each of the three established MPAs
in Misamis Oriental, Philippines.

2. MATERTIALS AND METHODS
2.1 Description of the study sitSe

The study was conducted in Misamis
Oriental, which lies in the Bohol Sea and Macajalar
Bay, which serve as its main fishing grounds (Figure
1). Misamis Oriental coastal areas are currently
undergoing  coastal  development, including
construction and other facilities needed for economic
development. MPAs exist in Misamis Oriental
in compliance with RA 8550 as amended by RA
10654. The first study site, Barangay Molugan in El
Salvador (MPA 1), was declared as an MPA in 2013
through Provincial Resolution No. 15 series of 2013,
but has been operational since 2006 (Quiaoit et al.
2010), covering an area of 14.8 hectares, and several
freshwater tributaries, like rivers and drainage systems,
exist in the vicinity. In Balingasag, two study sites
were established: one in Barangay Hermano (MPA 2)
and another in Barangay Mambayaan (MPA 3), both
instituted under Municipal Ordinance No. 6, series of
2006. A total of 2.25 and 2.92 hectares were designated
as marine protected areas in Barangay Hermano and

Abundance and Biomass in Marine Protected and Unprotected Areas
in Misamis Oriental, Northern Mindanao, Philippines

Mambayaan, respectively, with a mariculture park
situated between the two MPAs. The three selected
MPAs were identified with the help of the city and
municipal agriculturist, and during sampling, the
research team was assisted by the Bantay Dagat of each
MPA. Sampling was conducted during the daytime
and high tide between July and October 2022.

2.2 Data collection and survey

Before sampling, letters were sent to each
LGU seeking approval to conduct the study within
the MPA. An underwater fish visual census (FVC) belt
transect survey was conducted inside and outside the
MPAs at three study sites during the daytime from
7:00 AM to 2:00 PM to record diurnally active reef
fish (Go et al. 2015). Fish were categorized as "target"
if they were intentionally caught by fishermen because
of their high market value and "non-target" if they
were not (Corrales et al. 2015; Mosquera et al. 2000).
Sampling was conducted in July and October 2022
during high tide, as the MPAs have shallow depths.
The Bantay Dagat and LGU representatives of each
MPA assisted with sampling, especially in determining
dense reef fish assemblages in the area.

Following the methods used by Corrales et al.
(2015) using a Self-Contained Underwater Breathing
Apparatus (SCUBA), two to three replicates of 50 m
transect were laid parallel to the shoreline and recorded
the count (individual fish) and length (cm) of all reef
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Figure 1. Map of the three study sites showing the three Marine Protected Areas (MPAs) and the locations
sites outside these MPAs within the two Municipalities of Misamis Oriental.
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fish species encountered approximately 2.5 m on each
side of the transect with a total surveyed area of 250m?
per transect. Coral reef fish were photographed during
FVC for fish identification. The same method was
used outside the MPA, approximately more than 200
m from the boundary of the MPA, as suggested in the
study by Russ et al. (2004).

The survey was conducted by graduate
students (MS in Marine Biology) at Mindanao State
University-Iligan Institute of Technology. To limit
error and observer bias, only one observer conducted
the FVC (Figure 2). The abundance of cryptic,
nocturnal, and highly camouflaged fish species was
underrepresented in the study because they could
avoid detection by hiding in reef crevices, a behavior
that was affected by the period of changeover (7:00
AM to 9:00 AM), or they remained hidden for the
entire day. Fish species were identified up to the
species level through various fish identification guides
(Allen et al. 2003; Fischer 2013; Kuiter and Debelius
2006; Gonzales 2013; White et al. 2013) and were
classified based on their family and confirmed with
the FishBase database, the World Register of Marine
Species (WORMS), and Eschmeyer's Catalog of
Fishes. The identified fish were then grouped as target
and non-target fish based on the FishBase systems
glossary (Froese and Pauly 2022).

2.3 Data analysis

Reef fish species were identified, counted,
and recorded in every site (inside MPA and outside
MPA) and grouped accordingly as target and non-
target fish species. Further, the data were utilized
to determine the diversity of fish based on the site
diversity categories established by Hilomen et al.
(2000). In Table 1A, the standards set by Hilomen et
al. (2000) were adjusted to reflect the actual surveyed
areas, which were 500 m? (Mambayaan and Hermano
had two observations) and 750 m* (Molugan has
three observations). Specifically, the standard values
were multiplied by 0.5 and 0.75, respectively, to
generate a scale range suitable for the surveyed areas,
compared to the originally suggested 1000 m* For
fish abundance, the total number of individual fish on
each site was counted based on target and non-target
species and was extrapolated by getting the average
abundance per m? and was multiplied to 1000 to
obtain the total abundance of fish per km? to be used
in the classification of sites based on fish abundance as
described by Hilomen et al. (2000) presented in Table
1B.

Figure 2. Field sampling pictures during A. FVC where several marine organisms are observed like giant clams
(B) demersal fishes (C) and even plastic sachet (D).
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Table 1. Categories of sites according to fish diversity (species/1000m?) and abundance (individuals/1000m?) set by Hilomen et al. (2000).

A. Fish species diversity (*species/1000m? *species/500m? ‘species/750m?)

Very poor Poor Moderate High Very High
0-26° 27-47 48-74 76-100° >100°
0-13° 14-24° 25-37° 38-50° >50°
0-20¢ 21-35¢ 36-56° 57-75¢ >75¢

B. Fish abundance (individuals/1000m?)

Very poor Poor Moderate High Very High

0-201 202-676 677-2267 2268-7592 >7592

The estimated length (cm) of each fish species
observed during sampling was used to calculate the
fish biomass using the formula:

W = al® farea

Where: W = weight (g)
L = Total length (cm)
a = multiplying factor
b = exponent

The specific constant values of a and b were
derived from FishBase life history tool length-weight
data, which were then determined based on the nearest
location where the fish species was caught (Froese and
Pauly 2022). The computed biomass for every fish
species was multiplied by the frequency of each fish
species having the same estimated length to obtain
the total biomass and was averaged to get the mean
biomass of target and non-target fish in each site. The
data for reef fish biomass were then converted from g/
m2 to MT/km?2 and classified into Nafola et al. (2006)
categories of sites according to fish biomass (Table 2).

The standardized categories of Hilomen et
al. (2000) and Nariola et al. (2006) provided a clear
and effective framework for comparing reef fish
diversity, abundance, and biomass between inside and
outside MPAs. By adjusting these categories with the
actual survey areas and applying uniform scaling, the
differences among sites became more consistent and
comparable. These classifications allowed the results to
be interpreted objectively, highlighting the ecological
condition and relative effectiveness of MPAs. Overall,
the use of these established categories improved the
clarity and reliability of assessing protection effects on
reef fish communities.

3. RESULTS
3.1 Reef fish diversity, abundance, and biomass

A total of 111 reef fishes from 26 families
were identified in this study, with 87 identified to the
species level and 24 to the genus level. In Mambayaan
MPA, a total of 34 species (8 target and 26 non-target)
were found inside, and 29 species (8 target and 21
non-target) were observed outside the MPA during
the survey (n=2). According to Hilomen et al. (2000),
categories of site diversity, Mambayaan was considered
to have moderate diversity both inside and outside
the MPA. Meanwhile, in Hermano MPA, diversity
was categorized as moderate to high, with 48 species
noted inside the MPA (22 target and 26 non-target)
and 37 reef fish species identified outside the MPA (9
target and 28 non-target) (n=2). Further, in Molugan,
moderate diversity was observed both inside (55 reef
fish species) and outside (43 reef fish species) the
MPA (n=3). Inside Molugan MPA, 26 target and 29
non-target fish species were identified, while outside
the MPA, 15 target and 28 non-target fish species were
determined (Figure 3A, 3D, and 3G).

For fish abundance, all surveyed areas were
categorized to have moderate abundance for both
inside (Mambayaan=818 ind./km2, Molugan=1401
ind./km2) and outside (Mambayaan=1306 ind./km2,
Hermano=1484 ind./km2, Molugan=945 ind./km2),
except for Hermano's inside MPA (3066 ind./km2),
which has high abundance (Figure 3B, 3E, 3H) based
on the categories set by Hilomen et al. (2000).

Table 2. Categories of sites according to fish biomass set by Naola et al. (2006)

Fish Biomass (MT/km?)

Very Low Low

Medium High

Very High

<5 6to 10

11 to 20 21-40 >41
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In terms of fish biomass classification on each
site based on Naiola et al. (2000), Mambayaan was
classified to have medium biomass for both inside (14
MT/km?) and outside (13 MT/km?) the MPA (Figure
3C), while Hermano has high outside MPA (33 MT/
km?) to very high inside MPA (186 MT/km?) biomass
(Figure 3F). Moreover, in Molugan, biomass inside the
MPA (53 MT/km?2) was very high, whereas medium
biomass was observed outside the MPA (15 MT/km2)
(Figure 3I).

3.2. Effects of MPA in the target reef fishes

Among the 111 species observed during the
survey, 43 were classified as target fish, and 68 were
categorized as non-target fish across the three study
sites. Within the MPAs, Molugan has low diversity,
with 26 reef fish species observed, followed by

in Misamis Oriental, Northern Mindanao, Philippines

Hermano with 22 species (poor) and Mambayaan with
8 species (very poor). Outside the MPAs, target reef
fish diversity was similar and categorically had very
poor status, with Molugan having the highest number
of species observed (15), followed by Hermano (9)
and Mambayaan (8). Overall, there were more target
reef fish species inside the MPAs compared to outside
(Figure 4A, Table 3) and predominantly dominated by
surgeonfish and parrotfish.

The abundance of target fish species varies,
ranging from very poor in Mambayaan (outside:112
ind./km? inside:62 ind./km?) and Molugan
(outside:104 ind./km?, inside:189 ind./km?) MPAs to
moderate inside Hermano MPA (1112 ind./km?) but
very poor outside the MPA (88 ind./km?), as classified
by Hilomen et al. (2000) (Figure 4B). Moreover, fish
biomass for target fish inside the MPAs was higher
compared to those outside. Fish biomass ranged from
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Figure 4. Diversity (A), abundance (B) and biomass (C) of target fishes found inside and outside of the three MPA site
(colored lines are standards set by Hilomen et al., 2000 for reef fish abundance and diversity, and by Nanola et al., 2006 for

reef fish biomass).

Table 3. Fish diversity of Target (*) and non-target (") fish found inside (IMPA) and outside (OMPA) of the three marine protected areas

in the study.
Mambayaan Hermano Molugan
Family Species IMPA OMPA IMPA OMPA IMPA OMPA
Acanthuridae Acanthurus auranticavus * Y \ v
Acanthurus nigrofuscus” V - - - v _
Acanthurus olivaceus” - - N R
Acanthurus spN" - - _ N
Acanthurus thompsoni ™ - - - - _
Ctenochaetus sp” N N N N _
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Continuation of Table 3. Fish diversity of Target (*) and non-target (") fish found inside (IMPA) and outside (OMPA) of the three marine
protected areas in the study.

Apogonidae

Aulostomidae

Balistidae

Caesionidae

Carangidae

Centriscidae

Chaetodontidae

Cirrhitidae

Fistulariidae
Haemulidae
Holocentridae

Labridae

Ctenochaetus striatus”
Ctenochaetus tominiensis”
Naso sp™
Zebrasoma spN"
Ostorhinchus cyanosoma ™"
Ostorhinchus fleurieu™"
Ostorhinchus spN*
Cheilodipterus spN"
Sphaeramia sp N
Aulostomus strigosus N"
Aulostomus sp N*
Balistapus sp”
Balistapus undulatus™
Caesio teres”
Pterocaesio pisang”
Pterocaesio randalli”
Carangoides bajad "
Caranx sp”
Centriscus scutatus N*
Chaetodon baronessa N"
Chaetodon decussatus ™"
Chaetodon kleinii N*
Chaetodon lunula N*
Chaetodon lunulatus N*
Chaetodon octofasciatus M
Chaetodon sp N
Chaetodon triangulum N*
Chaetodon trifasciatus N*
Chaetodon vagabundus ™"
Heniochus diphreutes N*
Heniochus varius N"
Cirrhitichthys falco N*
Cirrhitichthys sp N*
Fistularia sp”
Plectorhinchus chaetodonoides”
Myripristis sp”
Bodianus mesothorax ™"

Gomphosus varius N*

Halichoeres hortulanus N*
Labroides dimidiatus "

Thalassoma hardwicke N*

Thalassoma lunare N*

< =2

2 2 =2

< 2 =2 =2

2 22 2L =2 2 <2 =<

2 2 2 2

<

2 2 2 2

< 2 2 =2

2 2 2 2

2 2 2 2 2 2

<2 <

<. 2 <2
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Continuation of Table 3. Fish diversity of Target (*) and non-target (") fish found inside (IMPA) and outside (OMPA) of the three marine
protected areas in the study.

Chlorurus bowersi” - -
Chlorurus sordidus” - -
Chlorurus bleekeri” - -
Scarus dimidiatus” - -

Scarus globiceps” - -

e

Scarus rivulatus” y -

Scarus sp” y

2

1

P
2 2 2

1

Scarussp 2T - - - -

Scarus sp 3" - - - -

< 2

Lutjanidae Scarus tricolor” - - - v

Lutjanus argentimaculatus” - - N
Lutjanus decussatus” N N N i} N N

Lutjanus fulvus” - - - y _ _

Mullidae Lutjanus quinquelineatus” - - V -

Parupeneus barberinus” - . _

1
<
<. =2

Nemipteridae Parupeneus sp”

<2 2
<

Scolopsis bilineata™

2
2

Pinguipedidae  Scolopsis sp” - - - -

Pomacanthidae  Parapercis clathrata N* - - - V

Pomacentridae  Pygoplites diacanthusT - - - -
Abudefduf sexfasciatus N"
Abudefduf vaigiensis N

1
|
|

2 2 <

Amblyglyphidodon aureus N*
Amblyglyphidodon curacao ™"
Amblyglyphidodon leucogaster "

Amphiprion clarkii N*

R e
<
<
<
<

Centropyge vrolikii "

Chromis viridis N7

.
)
)

2 2 2

Chromis weberi N* _ _ - _
Chromis xanthura N" _
Chrysiptera talboti N* -

Dascyllus aruanus N - - . - N

< 2

Dascyllus reticulatus N* - - - - -

<
1

Dascyllus trimaculatus N* \
Neoglyphidodon nigroris N* - -

Neopomacentrus nemurus N*

< 2
2
<. 2 <2

Stegastes lacrymatus N*

Pomacentrus alexanderae ™" -

Pomacentrus armillatus N" - _

|
2 2 2 2 2 2

Pomacentrus auriventris N* - \/

1
1

<
<

Pomacentrus bankanensis N7 - _
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Continuation of Table 3. Fish diversity of Target (*) and non-target (") fish found inside (IMPA) and outside (OMPA) of the three marine

protected areas in the study.

Pomacentrus brachialis " _
Pomacentrus coelestis N* _
Pomacentrus littoralis N* -
Pomacentrus margaretifer " -
Pomacentrus moluccensis N7 \/
Pomacentrus sp N" -

Pomacentrus sp 2N" -

Pycnochromis amboinensis X" -

Pycnochromis retrofasciatus N" V
Scorpaenidae Pycnochromis margaretifer N* -
Serranidae Pterois volitans * -
Cephalopholis argusT +
Epinephelus sp” -
Pseudanthias dispar N* -
Siganidae Pseudanthias huchtii N v
Sphyraenidae Siganus virgatus” -
Synodontidae Sphyraena forster” -
Tetraodontidae ~ Synodus sp” -
Arothron nigropunctatus N" -
Arothron sp NT v
Zanclidae Canthigaster valentini N -

Zanclus cornutus NT \/

] N y v v
- - ol
) ) N ] ]
) ] N ; ;
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very low to very high (Figure 4C) according to the
criteria set by Naola et al. (2006). The positive impact
of the MPAs was particularly evident in Molugan and
Hermano, which had significantly higher biomass
inside (41 MT/km? for Molugan, 169 MT/km? for
Hermano) than outside (6 MT/km? and 11 MT/km?,
respectively). In contrast, Mambayaan exhibited very
low biomass both inside and outside the MPA (4 MT/
km? in each area).

4. DISCUSSION
4.1 Reef fish diversity, abundance, and biomass

The 1998 Fisheries Code mandates that every
municipality designate at least 15% of its municipal
waters as marine protected areas (MPAs) (RA 10654,
2015; RA 8550, 1998; Weeks et al. 2010). This national
law supports the country's conservation efforts, as
the Philippines is recognized as the center of a global
marine biodiversity hotspot (Carpenter and Springer
2005; Go et al. 2015). It is this adherence to the law and

the recognition of the area's conservation value that led
El Salvador City and the municipality of Balingasag in
Misamis Oriental, Northern Mindanao, Philippines,
to establish MPAs in their respective municipal waters.
These MPAs aim to restore degraded marine resources
and enhance their productivity (Alcala and Russ 2006;
Barnett and Baskett 2015). Studies show that MPAs
can lead to higher diversity of reef fish assemblages
(Pettersen et al. 2022; Sanabria-Fernandez et al. 2019),
as observed in Mambayaan, Hermano, and Molugan
MPAs, where reef fish diversity is higher compared to
areas outside MPAs (Figure 3A, 3D, 3G). Despite being
rated from very poor to moderate in terms of diversity
according to categories developed by Hilomen et
al. (2000), these MPAs still exhibit positive effects,
with relatively greater reef fish diversity in protected
areas, indicating their effectiveness in enhancing fish
diversity.

However, some studies report that the
establishment of MPAs does not always result
in increased fish diversity or coral cover, which
directly affects reef fish diversity (Alonso-Aller et
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al. 2017; Cox et al. 2017). Additionally, fish in MPAs
may still be impacted by fishing pressure outside
protected zones, as they can move freely between
these areas. Environmental factors such as increasing
temperatures have also led to organism migration
(Thomas and Gillingham 2015), with fish and other
marine organisms moving to waters that meet their
biological requirements (Potts et al. 2015; Salik et
al. 2015). Reef fishes, in particular, exhibit high site
fidelity behavior, resulting in minimal migration and
similar fish populations inside and outside MPAs
(Bucol et al. 2020; McGregor and Strydom 2020).

A baseline assessment in Macajalar Bay by
Quiaoit et al. (2010) reported high reef fish abundance
and very high biomass in the Mambayaan MPA,
with 4,080 ind/km? and 44.45 MT/km?, respectively.
However, the current study shows a significant
decrease in these parameters, with fish abundance at
2,124 ind/km? and biomass at 27 MT/km?. In contrast,
Hermano MPA saw an increase in fish abundance
from 1,467 ind/km? in 2008 to 4,550 ind/km? in the
current study, and biomass increased from 22.69 MT/
km? to 270 MT/km?. Molugan MPA also experienced
an increase in fish abundance from 1,758 ind/km?
in 2008 to 2,347 ind/km” in the current study, and
biomass increased from 12.74 MT/km? to 69 MT/km?>.
These changes in diversity, abundance, and biomass
may reflect varying levels of enforcement and changes
in the physical, chemical, and biological features of the
area from 2008 to 2021.

Effective MPA management involves rigorous
implementation of laws and policies, community
involvement, and public awareness (Guidetti et al.
2008; Read et al. 2015). However, the size and age
of MPAs also play significant roles in their success.
Larger MPAs generally exhibit more pronounced
increases in fish biomass, as seen in Molugan MPA.
Therefore, comprehensive assessments are needed to
understand the contributions of these factors to MPA
outcomes fully. While MPAs generally support marine
resource conservation, their effectiveness can vary
based on local conditions and management practices
(Chessman 2013; Kwik and Yeo 2015; Go et al. 2015;
Elston et al. 2020; Farré et al. 2015).

The level of enforcement is a critical
determinant of MPA effectiveness, although this
was not evaluated in this study. Guidetti et al. (2008)
underscored that rigorous implementation of laws
and policies is crucial in enhancing the growth and
recovery of protected reefs and fish populations.
However, strict enforcement alone does not guarantee
MPA success; community involvement and public
awareness are equally vital in achieving the common

in Misamis Oriental, Northern Mindanao, Philippines

goal of marine resource protection (Read et al. 2015).
Therefore, it is premature to attribute the observed
increases in fish diversity, abundance, and biomass
solely to enforcement or community involvement in
the study area. Other factors, such as MPA size and
age, may also play significant roles. All three MPAs in
this study were established in 2006 and have shown
notable improvements in abundance, diversity, and
biomass, particularly among target fish species.
The larger MPAs have generally exhibited more
pronounced increases in fish biomass, exemplified
by the significant growth observed in Molugan MPA.
However, comprehensive assessments are needed to
fully understand the contributions of these factors to
MPA outcomes.

4.2 Effects of MPA on the target reef fishes

Though marine protected areas commonly
boost marine resource conservation, some studies
question their efficacy in increasing fish abundance
(Chessman 2013). Furthermore, some studies
recorded higher fish abundance in the unprotected
area than in the protected area (Kwik and Yeo 2015).
The abundance of target fish species, ranging from very
poor (in Mambayaan and Molugan MPAs) to moderate
(in the Hermano MPA) in this study, is consistent with
the findings of Go et al. (2015). Their report indicated
that most of the fish species reported during their
sampling were low in abundance, influenced by the
fishing effort in the area and the overall health of the
coral reefs (Elston et al. 2020), though assessment of
these factors was not considered in the current study.
In addition, the lack of significant differences in the
abundance of target fishes inside and outside the
three MPAs indicates that fish abundance inside the
protected area is comparable to that outside the MPA.
These findings were influenced by the homogeneity of
the three study sites, where the same environmental
parameters that drive fish distribution, abundance,
and diversity are almost similar across sites (Farré et
al. 2015). Moreover, it is plausible that the comparable
fish abundance inside and outside MPAs could also be
influenced by fish migration.

Marine protected areas usually provide
positive effects in the area where they were established.
Although the three MPAs in this study were classified
as very poor to moderate for target fish, if we base our
assessment solely on the number of individual fish
present within the MPAs, the establishment of MPAs
at the three sites has greatly impacted their reef fishes,
enhancing fish abundance. This is supported by studies
by Putra et al. (2021) and Kumar Sarkar et al. (2013),
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which show that MPAs increase fish abundance,
biomass, and richness due to the protection afforded
to fish inhabiting the protected zones, especially
those of high economic value. The establishment of
MPAs benefits the conservation of wild populations
of high-value reef fishes by significantly reducing
fishing pressure and other human-induced activities,
and indirectly improving water quality and the overall
health of marine ecosystems.

Marine protected areas are very important
for reducing human-induced degradation of marine
resources caused by pollution, illegal fishing, and
overexploitation (Xuereb et al. 2019). A study shows
that MPAs could help areas with high poverty rates
after a few years of establishment through spillover
effects that enhance fish biomass both inside the
MPA and outside the protected zone (Da Silva et al.
2015). A study by Sanabria-Fernandez et al. (2019)
states that fish biomass is one of the contributors to
the effectiveness of the implementation of marine
protected areas. Higher fish biomass in an area means
that the fish were protected, and this was evident in the
results of the current study. Here, the positive impact of
the MPAs was evident at the Molugan site, where fish
biomass was significantly higher inside than outside
the MPA, according to statistics. This result supports
the claim of Cacabelos et al. (2020) that MPAs enhance
fish biomass, which makes this tool very effective in
conservation because of the level of protection given to
the exploited species. Another study by Keppeler et al.
(2017) reached similar conclusions, finding that MPAs
produced high fish biomass due to reduced fishing
pressure and increased fishing productivity. However,
lenient protection and weak management in certain
protected zones may also lead to lower biomass and
productivity in the area (Arai, 2015), as observed in
Mambayaan MPA, which had very poor fish biomass
of target species. A proper and strict implementation
of marine protected areas positively impacted fish
biomass, especially for fish species that were heavily
targeted by fishers. In addition, information and
education at the community level and governmental
support are vital in the success of a certain marine
protected area (Putra et al. 2021).

5. CONCLUSION
This study evaluated reef fish diversity,

abundance, and biomass inside and outside three
marine protected areas (MPAs) in Northern

Mindanao, Philippines. Our findings indicate that
MPAs generally supported moderate to high reef fish
diversity, abundance, and significantly greater biomass,
compared to adjacent fished areas. Notably, targeted
fish species exhibited marked increases within MPAs,
demonstrating their efficacy as a conservation tool for
recovering exploited populations.

However, the results were not uniform; one
MPA (Mambayaan) showed a decline compared to
2008 baseline data, underscoring that MPA benefits
are not automatic. Sustained success depends on
robust enforcement, strengthened community-led
management, and unwavering support from local
government units. This study confirms that well-
implemented MPAs are vital for enhancing fish
productivity and ecosystem resilience, though their
outcomes are contingent on consistent and dedicated
management.
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