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Philippine coral reefs have been on the decline since the 1970s, and this degradation
has posed a risk to biodiversity, food security, and livelihood in the country. In an effort
to arrest this degradation, marine protected areas (MPAs) were established across the
country. MPAs are known to improve fish biomass, but their effect on live coral cover and
other benthos is not yet well documented and understood. In this study, 28 MPAs across
the Philippines were surveyed comparing benthic cover and indices between protected
reefs and adjacent unprotected reefs. No consistent differences were found between
reefs inside and outside MPAs through all the benthic categories and reef health indices
considered that are indicative of protection effects or recovery within MPAs. However,
there were notable site-specific differences in benthic cover across the study MPAs-
suggesting that factors other than protection play important roles in influencing benthic
cover inside and outside of MPAs. Storm frequency and proximity to rivers, as a proxy
for siltation, were the strongest negative correlates to live coral cover. Also, high coastal
population, a proxy for pollution, and occurrence of blast and poison fishing positively
correlated with high dead coral cover. The lack of significant difference in benthic cover
between reefs inside and outside MPAs suggests that protection does not necessarily
guarantee immediate improvement in benthic condition. Correlations between benthic
condition and storm frequency, siltation, and pollution suggest that it is necessary
to augment MPAs with other management strategies that will address the multiple
stressors that are usually indiscriminate of MPA boundaries. Supplementing long-term
and systematic monitoring of benthic cover and biodiversity inside and outside of
MPAs with data on other important environmental and human impact variables will help
improve understanding of benthic cover and biodiversity dynamics inside and outside of
MPA boundaries.
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INTRODUCTION

The Philippine coral reefs have been on a decline since the
first national assessment in the 1970s. At that time, Gomez and
Alcala (1979) found only 30% of the reefs having more than 50%
coral cover. Years of overfishing, destructive fishing methods,
and siltation has brought this percentage even lower, where
currently only 10% of the reefs had more than 50% coral cover
(Wilkinson, 2008; Licuanan et al., 2017). With the demand for
fish still increasing, destructive fishing methods are still rampant,
and the effects of climate change now being realized, this decline
is expected to continue unless more comprehensive actions are
taken (Burke et al., 2011).

The Philippines, however, cannot risk further reef decline.
The country is at the apex of the Coral Triangle and its reefs
support the highest concentration of marine species per unit
area (Licuanan and Gomez, 2000; Carpenter and Springer, 2005;
Burke et al., 2011; Sanciangco et al., 2013). The demise of habitat
forming species such as corals will bring about a cascade that
will result in considerable marine biodiversity loss (Jones et al.,
2004; Bruno and Selig, 2007). Furthermore, at least one-third of
Filipinos directly utilize reef-derived food and services (Briones
et al., 2004; SCTR-Philippines, 2012; Cabral et al., 2013).

The popular management action to arrest reef decline is the
establishment of marine protected areas (MPAs) (Russ et al,
2004). These are areas of managed access where fishing and
other activities are regulated (Alcala, 1998). MPAs have been
shown to rapidly recover fish abundance and biomass after a
few years of effective implementation (Alcala, 1998; Russ et al.,
2004; Abesamis and Russ, 2005; Maliao et al., 2009). However,
the effect of MPAs on benthic cover is not as straightforward. The
immediate positive influence of protection on coral cover is not
conclusive. Coral cover was found to increase inside the MPAs in
the Bahamas (Mumby et al., 2007), in the Seychelles (Wilson et al.,
2012), and even in the Philippines (Magdaong et al., 2013). The
massive protection efforts in the Great Barrier Reef also led to the
improvement in coral cover (McCook et al., 2010). In contrast,
Selig and Bruno (2010) found no increase in coral cover within
MPAs, although coral cover is declining in unprotected reefs.
Declines in coral cover despite protection has been reported in
another global study by Selig et al. (2012), in a regional scale
studies in the Caribbean (Huntington et al., 2011), the Great
Barrier Reef (De’ath et al, 2012), and in specific locations in
the Florida Keys (Toth et al, 2014) and Papua New Guinea
(Jones et al., 2004).

In this study, 28 MPAs (inside and adjacent) were evaluated
to determine the effect of protection based on benthic cover
attributes and reef health indices. The relative contribution of
environmental factors other than protection was explored using
multivariate analyses to determine their contribution to the
observed the variation in benthic cover attributes. Insights from
this study, will help reevaluate the effectiveness of MPAs in terms
of metrics, and reorient management options toward increasing
MPA management effectiveness and actions that will accelerate
recovery of degraded reefs.

The main objectives of this paper are as follows: (1) To
evaluate the differences in measured benthic cover variables

and indices inside and outside MPAs across 28 study sites
across the Philippines, and (2) To evaluate how variations in
environmental variables across the study sites correlate with
benthic cover attributes and reef health indices. The insights
from these analyses may help inform expectations on how we
define and improve impacts management interventions such
as those of MPAs.

MATERIALS AND METHODS
Study Sites

Benthic surveys were conducted inside and outside 28 MPAs
across 12 provinces in the Philippines (Figure 1). The surveys
on 15 MPAs were done from April to May 2012, while surveys
on the other 13 MPAs were conducted from April to May 2014.
The MPAs were all managed by their respective local government
units and have different management levels at the time of survey.
The ages of the MPAs at time of survey ranged from 0-21 years
(mean = 8 years, median = 7 years) and core areas ranged from
9 to 453.25 ha (mean = 62.7 ha).

In each MPA, coral reef assessment was done using five
replicate 50-m transects within the MPA no-take zone, and five
replicate 50-m transects outside the MPA. Transects outside
MPAs were at least 200 m away from the MPA boundaries.
Depending on the extent of coral reef area, the actual number
of transects laid within and outside MPAs were varied-, ranging
from 2 to 7. But on average, the number of transects sampled
is five inside and five outside MPAs. These transects were laid
parallel to the shore, following the contour of the upper reef slope
at depths ranging between 5 and 10 m.

Data Collection

Benthic cover was determined via the line intercept transect (LIT)
method (English et al., 1997) on 50-m transects. The benthic
categories were aggregated into five major benthic groupings
(HC, live hard coral; DC/A, dead coral/with algae; AL, algae; OT,
other benthic organisms; AB, abiotic components), and cover was
expressed as percent cover.

The following reef health indices were calculated: Mortality
Index (MI) (Gomez et al., 1994), Reef development index (DI),
condition index (CI), and succession (by algae) index (SI)
(Manthachitra, 1994), using the equations below. Note that the
equation for the SI has been modified to take into consideration
growing algae on dead coral, which are abundant in many sites:

% dead coral cover (DC + DCA)
% hard coral cover (HC) + % dead coral cover
(HC + SC + DC + DCA + AL + OT)
DI = log B
HC
(SC + DC + DCA + AL + OT)
AL + DCA
(SC + DC + OT)

MI =

Cl = 10g|:

SI(by algae) = log [
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Survey Sites

1 - Sapenitan MPA, Siruma, Camarines Sur (20 y.o. N
2 - AGCA MPA, Tinambac, Camarines Sur (6 y.0.)

3 - Gata MPA, Caramoan, Camarines Sur (2 y.0.)

4 - Tigaon MPA, Tigaon, Camarines Sur (4 y.0.)

5 - Awlayan MPA, Sagnay, Camarines Sur (21 y.0.)

6 - Uson MPA, Bacacay, Albay (10 y.0.)

7 - Ragnas MPA, Gubat, Sorsogon (0 y.0.)

8 - Pilar MPA, Pilar, Cebu (9 y.0.)

9 - Santiago MPA, San Francisco, Cebu (6 y.0.)

10 - Arbor MPA, Boljoon. Cebu (8 y.0.)

11 - San Pablo MPA, Hinunangan, Southem Leyte (10 y.o.)
12 - Punta MPA, San Francisco, Southem Leyte (4 y.o0.)
13 - Sinandigan MPA, Ubay. Bohol (9 y.0.)

14 - Hambongan MPA, Inabanga, Bohol (10 y.0.)

15 - Mabaw MPA, Tagbilaran, Bohol (6 y.0.)

16 - Caramay MPA, Roxas, Palawan (6 y.0.)

17 - Iniban MPA, Ayungon, Negros Oriental (6 y.0.)

18 - Mantalip MPA, Bindoy, Negros Oriental (8 y.0.)

19 - Tandayag MPA, Amlan, Negros Oriental (5 y.0.)

20 - Ayoke MPA, Cantilan, Surigao del Sur (7 y.0.)

21 - Lanuza MPA, Lanuza, Surigao del Sur (10 y.0.)

22 - Uba MPA, Cortes, Surigao del Sur (7 y.0.)

23 - KAGANA MPA, Lianga, Surigso del Sur (13 y.0.)

24 - Buluan MPA, Ipil, Zamboanga Sibugay (8 y.0.)

25 - Cagangohan MPA, Panabo, Davao del Norte (11 y.o.)
26 - Sanipaan MPA, IGACOS. Davao del Norte (4 y.0.)
27 - Dapia MPA, IGACOS, Davao del Nonte (4 y.0.)

28 - Tagaliling MPA, Mati, Davao Oriental (7 y.0.)
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FIGURE 1 | Survey sites with MPA age at time of survey.
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To explore possible drivers of variation in benthic cover and reef
health indices, the following environmental data were gathered:
proximity to rivers, fisher density, coastal population, occurrence
of poison fishing, occurrence of blast fishing, storm frequency,
and relative exposure index. Proximity to rivers was chosen as a
proxy for siltation as it is assumed that terrigenous materials are
conveyed to the reef through river runoftf (Gomez et al., 1994).
Fisher density (number of fishers per square kilometer municipal
water) was chosen as a proxy for overfishing which if unmanaged
can translate to degradation of the reefs (Teh et al, 2013).
Coastal population was chosen as a proxy for human activities
and/or pollution (Gjertsen, 2005). Occurrences of poison and
blast fishing were chosen as they led to coral mortality and
destruction of the reef structure (Rubec, 1986; McManus et al.,
1997). Storm frequency (number of storms from 1980 to 2000)
and relative exposure index (to wind, factoring in wind speed and
fetch, Villanoy et al., 2013) were also used to depict natural or
climate-related factors (Brown, 1997).

As some of these data were discrete, while others had
categorical measurement (e.g., occurrence of poison and blast
fishing were from the surveys measured as low, moderate, and
high), all environmental data were categorized from 1 to 3, with
1 being the lowest score and 3 being the highest.

Data Analyses

The biotic and environmental data obtained did not satisfy the
assumptions of parametric tests despite transformation, hence
comparisons and correlations were conducted through non-
parametric univariate and multivariate data analyses.

Non-parametric Kruskal-Wallis test was implemented to
compare transects inside and outside MPAs and across all study
MPAs for various benthic variables (HC, AL, DCA, OT, and AB)
and the reef health indices (development, condition, mortality,
and succession indices) using SPSS Statistics 21 (IBM Corp,
2012).

Multivariate analyses approach (using PERMANOVA) was
implemented to determine significant differences in benthic
communities inside and outside the MPA, and across the 28
MPAs (Clarke and Gorley, 2006; Anderson et al., 2008). In
running the PERMANOVA, Bray-Curtis resemblance matrix
(using square root-transformed five categories of raw percent
cover benthic data) was applied, and then using MPA locations
and MPA status (inside/outside) as factors—P-values generated
through 9,999 permutations. Pairwise PERMANOVA was also
done to compare the individual MPAs, and see if there are
significant differences inside and outside each MPAs in terms of
the benthic community.

In addition, multivariate matrix correlation approach
(BIO-ENV/BEST) in Primer 6 (Clarke and Gorley, 2006)
was used to perform a Spearman correlation between the
resemblance matrices of the benthic cover or reef health indices,
and the environmental resemblance matrix, to determine
which environmental factor best correlated to the biotic
pattern observed.

Moreover, a Principal Coordinates analysis (PCO) plot was
constructed to visualize the benthic variation across MPAs. This
plot was overlaid with vectors that represent the Spearman

correlation between benthic cover and environmental data,
where the proximity of each data point (transect) to a certain
vector (benthic cover or environmental factor) represents
stronger correlation between that transect to the vector.

RESULTS

No Clear Effects of Protection on

Benthic Cover and Indices

We found no significant differences in benthic cover and reef
health indices inside and outside the MPAs. Kruskal-Wallis tests
did not show significant univariate differences in hard coral
cover (P = 0.738), dead coral cover (P = 0.705), algal cover
(P = 0.217), cover of other benthic organisms (P = 0.828),
and abiotic components (P = 0.845). Likewise, no significant
differences were observed inside and outside MPAs in terms of
DI (P = 0.368), CI (P = 0.516), mortality index (P = 0.639), and
succession index (P = 0.957).

Averaging the data (presented as mean + SE) from the
267 transects surveyed (Figure 2), the live hard coral cover
was at 41.9 £ 1.2% inside the MPAs and 42.7 + 1.2%
outside the MPAs. Reefs were generally dominated by massive
and branching Porites, branching and tabular Acropora, and
encrusting Montipora. The cover of dead coral was at 30.8 = 1.1%
inside the MPA and 30.3 & 1.1% outside. Dead corals (except
for a few recently killed colonies) were covered with short
filamentous or matting algae. Larger fleshy macroalgae, calcifying
algae (ie., Halimeda), coralline algae, other turf algae, and
indistinct algal assemblages collectively covered an average of
11.8 £ 1.1% of the reef bottom inside the MPA and 11.7 & 1.0%
outside. Benthic organisms other than corals and algae covered
an average of 6.3 = 0.5% both inside and outside the MPA.
Abiotic components such as rock, rubble, and sand, made up
9.1 = 0.7% and 9.0 & 0.7% of the benthos inside and outside the
MPA, respectively.

In terms of the reef health indices, we observed that the reefs
were highly developed and relatively coral dominated, but with
high mortality and a high proportion of algae. The average DI was
within Manthachitra’s “very good” category at 2.03 = 0.20 inside

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0 l
10.0 ‘ ‘
0.0 - - ; : ; ;
In Out In Out In Out In Out In Out

Percent Cover (%)

LHC DCA AL oT AB

FIGURE 2 | Mean benthic cover inside and outside all MPAs surveyed.
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the MPA and 1.88 = 0.18 outside, indicating that these reefs were
well developed, with the spaces in the reefs being inhabited or are
habitable by benthic organisms, in contrast to poorly developed
reefs which were mostly sand or silt. The average CI was within
Manthachitra’s “fair” category at —0.06 £ 0.04 inside the MPA
and —0.70 % 0.04 outside, implying that the reefs were fairly
coral-dominated. On the other hand, the average mortality index
was at 0.41 = 0.02 inside the MPA and 0.42 =+ 0.02 outside. Lastly,
the average succession index was also within Manthachitra’s “very
good” category, at 1.22 =+ 0.10 inside the MPA and 1.29 + 0.12
outside, suggesting substantial algal cover and that algae are likely
to succeed corals in dominance among other benthic organisms.

PERMANOVA results comparing sites inside and outside the
MPAs also did not yield significant differences (P = 0.4774),
suggesting that cover of the five benthic categories were generally
the same regardless of protection. The interaction term for
the multivariate analysis (MPA location x MPA status) was
significant (P = 0.0117). Pairwise tests revealed that the benthic
cover multivariate varied significantly in five out of the 28 sites,
which may be attributed to site-specific factors.

Site-Specific Variations in Environmental
Variables That Correlated With Benthic

Cover and Indices

Benthic cover and reef health indices varied; however, when
compared across the 28 MPA locations (Figure 3). Kruskal-
Wallis results yielded a P-value of less than 0.001 when MPA
locations were univariately compared using each of the benthic
categories and reef health indices tested. PERMANOVA results
across MPA locations also gave a P-value of 0.001. As mentioned
earlier, the interaction term (MPA location x MPA status) was
also significant.

The resemblance matrix did not present a clear and consistent
pattern in terms of benthic cover. The PCO plot (Figure 4)
showed a wide data spread with no tight, distinct groupings
either for MPA location or MPA status (inside/outside). The
70% similarity clusters showed overlaps and no clear spatial
geographic patterns. The two axes of the PCO plot already jointly
explain 76.7% of the variation, with a third axis (not illustrated)
explaining a further 16.5%.

The correlation results with the individual major benthic
groups overlaid on the PCO plot showed a rough divide. Axis
1 separated the transects by algae (r = 0.806), while axis 2
showed gradients in dead coral (r = 0.516) and hard coral cover
(r = —0.929). Most of the transects in the Pacific Seaboard (e.g.,
Tinambac, Gubat, Caramoan, Bacacay, Lianga, and Lanuza) were
correlated with high algal cover, while the transects in internal
seas (mostly in the Visayas Region) correlated with dead coral and
abiotic components.

To explore if any of the environmental proxies may help
explain spatial variation across MPA locations, we looked at
the relationship of the resemblance matrices of benthic cover
and reef health indices with that of environmental correlates
identified. Bio-ENV results showed a weak yet significant
correlation between the resemblance matrices of benthic cover
and environmental factors (p = 0.151, P = 0.01). The same was

also observed between the resemblance matrices of the reef health
indices and the environmental factors (p = 0.097, P = 0.01).

Storm frequency was the strongest correlate among the
environmental factors (Figure 5), followed by the combination
of storm frequency and proximity to rivers. These two factors
correlated more with transects in the Pacific Seaboard, which
were also the sites with high algal cover. On the other hand,
transects in the internal seas were less correlated with these two
factors, but instead were more affected by anthropogenic factors
such as high coastal population (which is a proxy for pollution
and human activity), and high occurrences of blast and poison
fishing. These were also the sites correlated with higher dead
coral cover, which was rather intuitive, since these anthropogenic
factors were often implicated in coral mortality.

DISCUSSION

The Status of Benthos and the Lack of
Clear Protection Effects on Benthic
Cover Across the MPA Study Sites

The average hard coral cover reported in this study is significantly
higher (more than 40%) compared to what has been previously
reported as national average (Magdaong et al., 2013; Licuanan
etal., 2019). It is easy to assume that reefs are in better condition
now, although care should be taken in saying this increase was
a direct effect of conservation and management efforts. The
transects surveyed here were within or adjacent to MPAs, in
contrast to previous studies that were not as selective. More
often, the reefs with good coral cover are chosen for protection
as they fit the criteria recommended for MPA establishment
(Roberts, 2000; Roberts et al., 2003), hence it is likely that we are
averaging hard coral cover values from the best parts of the reefs
in the surveyed areas. This may also explain why previous meta-
analyses on the Philippine reefs were able to detect significantly
higher coral cover inside MPAs than in reefs that were not
protected (Magdaong et al,, 2013). The non-protected areas
surveyed here are adjacent to MPAs and may still have benefited
from local management efforts (such as reduced destructive
fishing methods), in contrast to areas that may not have any
degree of management at all.

The average c¢ oral mortality index is also higher in this
study than previously reported. Despite transects in this study
being within or adjacent to MPAs, the average mortality index
was at 0.4 £ 0.01, while the national coral mortality index in
1994 was at 0.2 £ 0.03 (Gomez et al., 1994). Gomez et al.
(1994) also indicated that the primary cause of coral mortality
was siltation. Other causes of mortality include overfishing and
destructive fishing methods (Burke et al., 2011; Magdaong et al.,
2013). In many sites we surveyed, illegal and destructive fishing
activities were still rampant (Muallil et al., 2014), and siltation was
observed in varying degrees. Many of the reefs were also highly
exposed to storms and waves, and without proper planning,
these reefs are vulnerable, especially to the exacerbating effects
of climate change. In fact, in 2010, a mass bleaching event
occurred through many of the reefs in the Philippines (Philippine
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Coral Bleach Watch, unpublished), and though we have not It is, however, important to note that reef decline is a process
looked into the bleaching history of each of the 28 MPAs, this  (Bellwood et al., 2004). The extent of coral mortality is but a
event would have contributed to coral mortality in the reefs. snapshot that indicates how much we have already lost, but a
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long-term closely-monitored study will be necessary to establish
causal relationships.

The Site-Specific Variations in
Environmental Variables That Correlated
With Benthos Cover, and Their

Implications
A commentary by Knowlton (2021a) on a paper by Donovan
et al. (2021) on the ability of sea urchin and macroalgae
abundance to amplify the impact of bleaching in corals, suggest
and infer that local management can play an important role
in mitigating climate impacts. Knowlton’s position, also related
to her recent paper (Knowlton, 2021b), argues for optimism in
marine conservation, despite the larger problems that the marine
environment is facing—from large scale overfishing to climate
change impacts. This is a call to change the narrative of gloom and
doom in ocean conservation, similar to other offerings of hope for
the ocean by 2050 if right actions are made (Duarte et al., 2020), as
supported by increasing trends in numbers of established MPAs,
and emerging efforts on coral restoration.

To date, however, the actual effects of MPAs on benthic and
coral cover appear mixed and paradoxical (Howarth et al., 2015;
Bates et al., 2019), and more often show coral reef benthos

being greatly and negatively impacted by disturbances such as
bleaching due to ocean warming (Huntington et al., 2011; Toth
et al., 2014), reduced water quality—turbidity, siltation, nutrient
loading, and pollution (Wenger et al., 2015), prior degradation
before protection, and a lack of enforcement in many MPAs. In
contrast, a global analysis of coral cover inside and outside MPAs
(Selig and Bruno, 2010) showed that from 1969 to 2006, surveyed
coral reefs showed more stable coral cover inside MPAs compared
to declining coral cover in fished grounds, suggesting that in the
long term, the MPAs may offer more benefits to coral reefs than
no protection at all. Given these mixed results and a growing body
of literature showing empirically that many benthic communities
and corals failed to recover inside MPAs due to local stressors
and larger disturbances ongoing despite the removal of fishing
(Jones et al., 2004; Coelho and Manfrino, 2007; Carassou et al.,
2013; Anderson et al., 2014; McClure et al., 2020), there is, indeed,
a need to tease apart hierarchical or interacting effects of these
multiple disturbances as well as management efforts inside and
outside the MPAs, to understand ways to improve benthic and
coral recovery.

The results of our study showed that, like majority of papers,
coral reefs in the Philippines are not showing clear trends of
recovery inside MPAs, but instead are somewhat related to the
degrees of other disturbances such as siltation, possible nutrient
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correlation with the environmental factors. 1, inside MPA; 2, outside MPA.
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loading, and impacts of storms that are causing coral degradation
inside the MPA boundaries. Corals are slow-growing, sessile reef-
building organisms, and as such, their growth and recovery rates
could easily be overwhelmed and affected by stressors acting at a
prolonged scale (Hughes and Connell, 1999; Carilli et al., 2009).
What MPAs can directly do for corals is to prevent damage by
excluding human activities such as trampling, anchoring, and
fishing (Selig and Bruno, 2010). MPAs can also bring about
a top-down trophic cascade, where protection will lead to an
increase in abundance and biomass of fish, which in turn will
help regulate algal growth, prevent outbreaks of coral predators,
and lower prevalence of coral disease (Stockwell et al.,, 20005
Hughes et al, 2007; Mumby et al, 2007; Sweatman, 2008;
Raymundo et al., 2009). However, the top-down effect of MPAs
on coral communities is indirect and sometimes the mechanisms
are not well established. The reduction of predator crown-of-
thorns starfish, for example, has been greatly implicated in the
improvement of coral cover in the protected Great Barrier Reef,
although how protection actually reduces starfish outbreaks is
still unclear (McCook et al., 2010). Furthermore, the stressors
that drive coral decline such as frequent damage from storms,
chronic siltation, and coral bleaching cannot be excluded by the
boundaries of MPAs, hence these will continue to negatively
affect the reefs unless they are addressed (Selig et al., 2012;
Eakin et al., 2019).

In fact, half of the MPAs in this survey were about 5-10 years
old, with two MPAs at least 20 years old, and still no consistent
differences in benthic cover inside and outside the MPAs were
observed. In some MPA locations, coral cover is high both
inside and outside, suggesting that management efforts (such
as constant patrolling) may be benefiting non-protected reefs
as well. However, some of the MPA locations still suffer from
poor water quality, pollution, and destructive fishing methods,
problems that need other interventions such as water quality
management, waste management, and fishery law enforcement,
before coral conditions (regardless of protection) are expected
to improve. Indeed, MPAs are not a “silver bullet” that can
rapidly bring about an observable increase in coral cover and
a decrease in algal cover (Gilby et al., 2015). The reef benthos
will not be able to recover as rapidly so long as the threats
that limit them in the first place are not eliminated (Burke
et al., 2011). In addition, acute environmental disturbances can
devastate reefs regardless of protection. The Apo Island No-Take
Marine Reserve, for example, was not spared from back-to-back
typhoons from 2010 to 2012, where coral cover dropped to ~1%,
a significant reduction compared to the more sheltered fished
reefs outside the reserve (Russ et al., 2021).

MPAs as an approach addresses stressors at a single scale, while
the different environmental factors such as those correlated in
this study occur at different scales. The apparent spatial variation
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across MPA locations, despite the lack of significant difference in
the MPA level (inside and outside) suggest that factors driving
variation are in scales large enough to surpass the functional size
of the MPA and thus affect the benthic communities protected
and unprotected alike (Selig et al., 2012).

It is, indeed, important to match the scale of the intervention
to the stressor. The Great Barrier Reef, for example, for the length
of time it has been protected, the considerable management
efforts, and the massiveness of the functional size of the protected
area (especially when compared to locally-managed MPAs), have
not been immune degradation, and what is being looked at
as the “best bet” is really to manage the local stressors and
to help improve local management in the face of large-scale
disturbances that reefs and marine environment are experiencing
beyond the impacts and removal of fishing (in the case of MPAs)
(Knowlton, 2012).

This, however, does not reduce the need for MPAs for
managing and conserving the reefs as they still function and
provide valuable ecosystem goods and services (as safe refuge
for fishes from fishing). The strong implementation of MPAs
has been proven to be effective in improving fish abundance
and biomass (Alcala, 1998; Maliao et al., 2009) important for
food and livelihood security. Russ et al. (2004) have even shown
a threefold increase in the biomass of commercially important
fish inside the Apo Reef Marine Reserve. Even if the effects
of MPAs on reef benthic communities are rather indirect, the
establishment of MPAs is a good entry point in coastal resource
management (Christie et al.,, 2002). The process of setting up
and maintaining MPAs will guide the local management through
the different considerations in conservation, such as the presence
of local stressors, and threats to sustainability of management
efforts (Roberts, 2000; Maypa et al, 2012). In this regard,
MPASs can be considered as “canaries in the coal mine” (Tabor
and Aguirre, 2004), where their deterioration despite strong
protection will signal a need to reevaluate the MPA design,
objectives or management strategies. Furthermore, excluding
fishing can also assist coral reef recovery after disturbances such
as coral bleaching (Wilson et al., 2012).

As most of the stressors that drive reef benthic variation
occur in larger scales than the MPAs, there is need to augment
MPAs with other management approaches that can address the
stressors in their respective scales to “cover all bases” and provide
a more holistic protection of the reefs (Agardy et al., 2011). This
prevents stressors from overwhelming the benefits of protection
(e.g., trophic cascades) and render the efforts in improving the
reef benthic community in the MPAs futile (Huntington et al,,
2011; Selig et al., 2012; Anderson et al., 2014). For example,
MPAs that are often damaged because they are along the pathway
of storms or other disturbances may be repositioned to more
sheltered locations (Roberts et al., 2003) and need to be replicated
in other areas for redundancy. MPAs that are degraded by
heavy siltation from rivers may be moved farther from the
river mouth, and activities upland such as agriculture are to
be strictly managed to prevent terrigenous sedimentation from
smothering the reefs (Gomez et al., 1994; Kroon et al., 2016;
van Grieken et al, 2019). Regulations in areas overwhelmed
by algae may be adjusted to control fishing of herbivores

and reduce nutrient loading (Carassou et al., 2013). Indeed,
the establishment and maintenance of MPAs should always be
accompanied by adaptive measures to eliminate anthropogenic
threats and keep the MPAs out of harm’s way (Roberts et al.,
2003). These will ensure that the benthic communities are
productive and resilient despite climate-related threats (Burke
et al, 2011; Selig et al, 2012). Furthermore, networking of
MPAs may be considered to provide ample representativeness,
replication, and redundancy (Roberts et al., 2001; Eisma-Osorio
et al,, 2009) and evaluated as to their functions and multiple
objectives.

We think that there is still a need to expand current analyses
of the impacts of MPAs on sessile and benthic organisms, and
explore the ongoing ecological processes inside and outside of
MPA boundaries. While comparing biotic communities inside
and outside the MPAs are necessary to monitor MPA health and
effectiveness, this may be too simplistic, and should be analyzed
within the frame of its environment and present stressors to
provide clearer conditions, and management intervention needs.
It may be interesting to also consider the morphology of the
corals and algae, structural complexity, coral recruitment, and
metrics other than benthic cover to gain more insights on reef
condition. Consistent reef monitoring and analysis of trends
will help investigate the effects of protection in decreasing
coral loss (if not necessarily coral cover improvement), similar
to what Selig and Bruno (2010) has found in their global
analyses. These types of studies can further be aligned to the
objectives of the MPAs to have a better handle of success
(Edinger and Risk, 2000; Strain et al., 2019). Furthermore,
an improved understanding of ecological interactions can also
improve local management efforts in dealing with disturbances
other than fishing. These in-depth analyses and management
considerations will hopefully enhance local efforts and bring
promising results, and contribute to the ocean conservation
optimism that Knowlton and Duarte are proposing in the face
of large-scale and long-term degradation and threats to marine
biodiversity in the anthropocene.
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