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Abstract 22 

 Coral cover assessments have shown coral declines in major reefs of the world. However, 23 

region-specific trends still remain unclear, particularly in areas with high diversity such as the 24 
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Philippines. Although the state of Philippine reefs has been periodically reported, long-term trend in 25 

coral cover change has not been investigated. In this study, we examined the temporal patterns of the 26 

magnitude and trajectory of coral cover change in the Philippines using meta-analysis. We collated and 27 

analyzed quantitative surveys of living hard coral cover from 317 sites monitored between 1981 and 28 

2010. We explored the rate of change in coral cover in terms of time, effect of bleaching and effect of 29 

protection on fishing. Accompanied with the history of reef assessment in the country is its almost four 30 

decades of experience in reef management and conservation. Here, we assessed the efficacy of marine 31 

protected areas (MPAs) on coral cover for over nearly three decades. Results showed an overall increase 32 

in coral cover in the Philippines from 1981 to 2010. Protection from fishing contributed to the overall 33 

increase in the mean annual rate of change as the coral cover significantly increased within MPAs than 34 

non-MPAs. The significant differences in the rate of change in coral cover across time periods were 35 

influenced by chronic anthropogenic stresses, coinciding with the timing of thermal stress and the 36 

establishment of MPAs. Our findings revealed however, that the pattern of the rate of change in coral 37 

cover is independent of the level of protection, age or size of MPA.  38 

 39 
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Introduction 49 

 Long-term coral cover assessments have shown coral declines in major reefs of the world 50 

(Pandolfi et al., 2003), such as the Caribbean (Gardner et al., 2003), the Great Barrier Reef (Sweatman 51 

et al., 2011; De’ath et al., 2012), and the Indo-Pacific (Bruno & Selig, 2007). However, region-specific 52 

trends still remain unclear particularly in highly biodiverse areas such as the Philippines. The 53 

Philippines, located in the tropical Indo-Pacific, is the epicenter of species richness and marine 54 

biodiversity in the Coral Triangle (Roberts et al., 2002; Carpenter & Springer, 2005). It has the third 55 

largest reef area in the world and is a potential source of reef larvae for the northwest Pacific (Fujiwara, 56 

1997, Burke et. al., 2002; Licuanan & Capili, 2003). More than 80% of the population is estimated to 57 

live within 50 km of the coast, deriving ecosystem benefits from the reef such as food, employment, 58 

coastal protection, and tourism (Burke et al., 2002, 2011). It is identified as the hottest of the hotspots, 59 

highly threatened and highly vulnerable (Roberts et al., 2002; Carpenter et al., 2008; Burke et al., 2011). 60 

Philippine reefs have been exposed to a plethora of local stresses, particularly destructive fishing, 61 

overfishing, siltation, pollution, crown-of-thorns seastar (COTS) predation, and recently, bleaching and 62 

diseases (see review of Magdaong et al., in press). 63 

 Nationwide coral reef assessment in the Philippines began in 1976 due to concerns of gathering of 64 

corals in the country (Gomez, 1991). Initial findings in 1978 showed that only 5% of the reefs were in 65 

“excellent” condition (>75% soft and hard coral cover; Gomez & Alcala, 1979). Since then, the status of 66 

Philippine reefs has been regularly reported in various periods (Gomez et al., 1981; Yap & Gomez, 67 

1985; Gomez, 1991; Gomez et al., 1994; Licuanan & Gomez, 2000; Nañola et al., 2006; PhilReefs, 2003, 68 

2005, 2008). However, there has been no long-term study of coral cover trend in the Philippines. In the 69 

face of the increasing impacts of climate change compounded by anthropogenic disturbances, it is 70 

imperative to assess the long-term trend of coral cover over time. Here, we assess the trajectory and 71 

magnitude of coral cover change in the Philippines through the integration of the previous studies and 72 
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reports using meta-analysis. 73 

 Accompanied with the history of reef assessment in the country is its almost four decades of 74 

experience in reef management and conservation. The success of the early marine sanctuaries 75 

established in the 1970s in Sumilon and Apo Islands served as a model for biodiversity conservation and 76 

fisheries management in the country (Russ & Alcala, 1996; Alcala & Russ, 2006). Establishing marine 77 

protected areas (MPA) has been one of the implemented management interventions to curve habitat 78 

degradation (Walmsley & White, 2003; Nañola et al., 2006). Presently, there are more than 1200 MPAs 79 

across the country, and about 60% of these are located in the Visayas region (Arceo et al., 2008). Maliao 80 

et al., (2009) demonstrated the efficacy of Philippine marine reserves in increasing the overall reef fish 81 

density. We then explore whether coral cover exhibits a similar pattern and examine the role of MPAs on 82 

the trends of coral cover in the Philippines. 83 

 Meta-analysis has been a widely used method of assessing long-term trends in the state of coral 84 

reefs (e.g., Gardner et al., 2003; Côté et al., 2005; Gardner et al., 2005; Alvarez-Filip et al., 2011). It is a 85 

statistical method for quantitatively integrating research findings across studies and determines whether 86 

they share a common effect size (Hedges & Olkin, 1985; Gurevitch & Hedges, 1999; Côté et al., 2005). 87 

In this study, we used living hard coral cover as a reef health indicator because it forms the structural 88 

foundation of the reef ecosystem and constitutes the architectural complexity of the reef (Sweatman et 89 

al., 2011; Selig et al., 2012).  90 

 91 

Materials and Methods 92 

 We estimated the rate of change of living scleractinian coral cover from quantitative surveys 93 

obtained from electronic and manual searches of the scientific and gray literature, including personal 94 

communications from reef scientists and non-governmental organizations. The electronic search 95 

consisted of browsing reef-related websites such as ReefBase and OneOcean.org, search engines such as 96 
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Google Scholar, and online publications. The process of data collation, compilation of the study 97 

database and review of historical disturbances on Philippine reefs are described in Magdaong et al. (in 98 

press). From the compiled database, we selected studies that reported (1) the percentage of living hard 99 

coral cover, (2) two or more surveys on the same reef, and (3) the number and length of transects 100 

covered. We included studies regardless of the purpose, survey method used, and the location of the 101 

survey (e.g., protected reefs). All sites defined by each study were treated as a separate site. A site 102 

defined here can be the average of transects of stations on the same reef but at different depths, within 103 

protected or unprotected reefs. The effect size chosen to measure the annual rate of change in percentage 104 

cover (ARC) of each site was 105 

                                (1) 106 

where Start and End are the coral cover (%) at the start and end of the time series, respectively, and d is 107 

the duration of the time series in years (Paddack et al., 2009; Alvarez-Filip et al., 2011). Paddack et al. 108 

(2009) used the survey area as a weighting measure which was suggested as a robust weighting method 109 

(Côté et al., 2005). However, 84% of the collated studies used point intercept transect (PIT) and line 110 

intercept transect (LIT) methods which used transect length in measuring percent coral cover and no 111 

surveyed area was reported. Alternatively, we used the transect length and the number of replicate 112 

transects for each survey similar to Alvarez-Filip et al. (2011). We took the average number of transects 113 

for studies with varying number of replicates. The mean effect size  of all studies or categories 114 

was estimated as              115 

                   .                         (2) 116 

 The effect size was considered significant if the 95% bias-corrected bootstrapped confidence 117 

interval (CI) did not include zero. The confidence interval (CI) is a range of values that encompasses the 118 

true value and indicates the magnitude, direction, and uncertainty of the effect (Greenfield et al., 1998; 119 
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Nakagawa & Cuthill, 2007). Variation in the rate of change in coral cover among categories or groups 120 

was evaluated by the QM statistic, analogous to analyses of variance (ANOVA; Hedges & Olkin, 1985; 121 

Rosenberg et al., 2000). A significant QM value denotes differences in effect size among the groups (e.g., 122 

MPA vs. non-MPA), tested against a distribution generated from 4999 iterations of a randomization test 123 

(Rosenberg et al., 2000). An individual group however, may have a significant effect size even given a 124 

non-significant QM (Paddack et al., 2009; Alvarez-Filip et al., 2011). We explored three main categorical 125 

groupings based on: time, effect of coral bleaching, and effect of protection from fishing. In all cases, 126 

data were pooled and maintained with a minimum sample size of 10 sites per group. All meta-analyses 127 

were performed using MetaWin Version 2.0 (Rosenberg et al., 2000). All ARC and CI were back 128 

transformed to an annual percentage change in coral cover for interpretation. 129 

 We examined the temporal heterogeneity in 5-year intervals for the overall dataset by including 130 

the replicate surveys that fell within the time period. Some years had longer (6 years instead of 5 years) 131 

intervals, to compensate for the low sample size and missing data during 1987–1988 and 1990–1991. 132 

We also assessed the impact of coral bleaching on the rate of change in coral cover. The elevated sea 133 

surface temperatures coinciding with the El Niño Southern Oscillation (ENSO) led to coral bleaching in 134 

years 1982–1983, 1987–1988, 1997–1998, and 2010 (Yap et al., 1992; Arceo et al., 2001). We only 135 

considered the massive coral bleaching in 1997–1998 because of the paucity of data in other bleaching 136 

years. According to anecdotal accounts, the extent and severity of the 2010 bleaching were patchy (W. 137 

Campos, unpublished data). All sites were assumed to be affected by bleaching hence, all sites surveyed 138 

in 1998 were included.  139 

  We assessed the effect of protection by comparing the overall mean rates of change in coral cover 140 

between MPAs and non-MPAs. For MPAs, we considered only sites with a known year of 141 

establishment and surveys following year designation to determine the rate of percentage change in 142 

coral cover since protection. We used the initial year of MPA designation in some areas which were 143 
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established more than once because there were no differences in the general trend of rates of change 144 

between the first and second year of designation. Effect of protection however may be constrained by 145 

potential bias in site selection from placement of MPAs on reefs that were initially healthy resulting to 146 

positive reserve effect. In the absence of before and after surveys, the site selection bias was 147 

alternatively tested by comparing the initial coral cover between MPAs and non-MPAs within the first 148 

5 years of protection following Selig & Bruno (2010). We further examined the effect of protection on 149 

rates of change in coral cover with level of protection, age and size of MPAs. We classified MPAs in 150 

terms of level of protection: fully protected (i.e., any form of extraction was prohibited) and partially 151 

protected MPAs (i.e., activity or the use of fishing gear was regulated). MPA age was estimated as the 152 

number of years between the year of the last monitoring and the year of designation. The official year 153 

of designation was assumed as the initial year of enforcement and was considered as the first year of 154 

protection (Claudet et al., 2008). We obtained MPA information, such as the official year of designation, 155 

size, status of protection from Coral Reef MPAs of East Asia and Micronesia of ReefBase, World 156 

Database on Protected Areas (IUCN & UNEP-WCMC, 2010), and Alcala et al. (2008) for MPAs in the 157 

Visayas region.  158 

 159 

Results 160 

 Selected studies from the database generated 1119 monitoring surveys conducted in 317 sites, in 161 

57 municipalities and 18 coastal provinces, from 36 studies and 1 monitoring program provided by the 162 

Coastal Conservation and Education Foundation (CCEF; Fig. 1). Details of the previous studies used 163 

and the result of methodological effects are described in Online Resource 1. Together, these studies 164 

spanned 29 years (mean = 6.4 ± 5.9 SD years) between 1981 and 2010, with the longest monitoring 165 

study covering the same period. Two of the most commonly used survey methods were PIT (204/317, or 166 

64%) and LIT (~20%) (see Online Resource 1). The majority of sites (262/317, or 83%) was surveyed 167 コメントコメントコメントコメント [EM1]: PIT and LIT were first 

defined in lines 110-111. 
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using a 50 m transect length at depths ranging from 2 m to 20 m. Figure 2 shows the pattern of percent 168 

hard coral cover from 1981 to 2010. Absolute coral cover showed an increasing trend from an average of 169 

28% in 1981 to 37% in 2010, with an overall average of ~36% comparable to reported 33% in 170 

Indo-Pacific (Bruno et. al., 2009). A similar pattern can be observed across MPA and non-MPA sites. 171 

Although there is an inter-annual variability, MPA sites generally exhibited higher coral cover than 172 

non-MPA sites except in years with very low number of surveys on MPAs (i.e. in 1984, 1993 and 1995). 173 

The number of monitoring sites increased with the highest (150 sites) in 2006 and no data were obtained 174 

in years 1987-1988 and 1990-1991. A total of 162 sites monitored on non-MPA sites, and 137 of the 155 175 

MPA sites had replicated surveys following establishment. This comparable number of sample sizes 176 

surveyed inside and outside of MPAs minimized the potential bias of protected reefs on the overall 177 

response of percentage change in coral cover.  178 

 179 

General trend 180 

 The overall meta-analysis also indicated an annual mean coral cover increase of 1.34% from 1981 181 

to 2010 (bias-corrected 95% confidence interval, CI = 0.18 to 2.51%, which did not include 0 and was 182 

therefore significant). However, the division in 5-year intervals showed significant differences across 183 

time periods (QM = 31.9, df = 4, P = 0.0002) (Fig. 3). The overall rate of change in coral cover was 184 

strongly positive in time periods: 1989-1995 (ARC = 12.18%; CI = 6.73 to 18.79%) and 2001-2005 185 

(ARC = 4.57%, CI = 1.08 to 8.32%) while significantly negative in periods 1981-1986 (ARC = -9.16%; 186 

CI = -15.95 to -2.08%) and 1996-2000 (ARC = -4.91%, CI = -8.04 to -1.22%). In 2006-2010, there was 187 

a negative change in coral cover although not statistically significant (ARC = -1.08%; CI = -3.91 to 188 

1.61%). During the 1997–1998 massive bleaching, the absolute change in coral cover was estimated at 189 

-8.07% yr-1 (CI = -13.24 to -2.46%) (figure not shown).  190 

 191 

コメントコメントコメントコメント [EM2]: Except in 2004, because the 

number of MPA sites were not extremely low 

( 22 MPA vs 19 non-MPA) 
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Marine Protected Areas 192 

 Assessing site selection bias revealed that coral cover within MPAs (mean = 36.0%) were higher 193 

than non-MPAs (mean = 30.2%), and the difference is significant (QM = 4.16, P = 0.048). Among the 194 

seven provinces, MPA sites (mean = 39.2%, n = 32) established in 2000s in Cebu had a significant 195 

higher coral cover within the reserve (QM = 14.9, P = 0.0006) compared to its adjacent fishing ground 196 

(mean = 25.9%, n = 31). These MPAs with potential site selection bias were eliminated in the 197 

subsequent analyses to determine the reserve effect on the rate of change in coral cover. Omitting these 198 

sites suggests no further substantial bias due to differences in the initial percent coral cover between 199 

inside and outside of MPAs (QM = 0.63, P = 0.43).  200 

 Comparison of rate of change in coral cover between MPA and non-MPA sites showed significant 201 

differences between the two (QM = 2.27, P = 0.023), with an overall positive change in coral cover of 202 

1.65% (CI = 0.42 to 2.94%) (Fig. 4). Coral cover increased significantly within MPAs by 3.20% per year 203 

(CI = 1.65 to 4.95%) but did not change in non-MPAs (ARC = 0.32%, CI = -1.37 to 2.09%). On the 204 

other hand, the rate of change in coral cover revealed no significant differences in level of protection 205 

(QM = 0.89, P = 0.12) (Fig. 5). We found a significant positive rate of coral cover change within partially 206 

protected MPAs (ARC = 6.00%, CI = 1.55 to 13.42%), comparable to that in fully protected MPAs 207 

(ARC = 2.52%, CI = 0.90 to 4.09%). We also did not detect a strong linear relationship between rates of 208 

change and MPA age (slope < 0.0001, P = 0.31) or coral cover change and MPA size (slope < 0.0001, P 209 

= 0.83), suggesting that the variability in the rate of change coral cover is independent of MPA age and 210 

size (Fig. 6a). MPA age and size were classified into 3 groups covering the minimum, average and 211 

maximum values to assess the average responses in different group age and size of MPAs. In terms of 212 

MPA age, duration of protection ranged from 2 to 37 years with an overall average of ~14 years. A total 213 

of 21 sites were ≤ 5 years old (mean = 3.86; range = 2-5) while 41 sites were 6-20 years of age (mean = 214 

12.3; range = 6-20) and 37 sites were >20 years old (mean = 22.8; range = 21-37). Rates of change in 215 

コメントコメントコメントコメント [EM3]: It is statistically significant 

(P=0.023). Based on meta-anlysis articles Ive 

seen so far its common to use the word 

significant for statistically significant results. 

コメントコメントコメントコメント [藤井賢彦藤井賢彦藤井賢彦藤井賢彦4]: Not statistically 

significant, and better to use a different word 

to express the large difference. 
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coral cover showed no statistical differences across MPA age groups (QM = 0.91, P = 0.64) (Fig. 6b). 216 

However, coral cover improved significantly in 6-20 years (ARC = 3.37%, CI = 0.95 to 5.78%) and >20 217 

years (ARC = 1.91%, CI = 0.42 to 3.56%) while did not significantly increase in ≤ 5 years old MPAs 218 

(ARC = 6.10%, CI = -0.23 to 13.5%). With regard to MPA size, there was a large disparity between 219 

Tubbataha Reefs Marine National Park, a nationally designated MPA, which had 33,200 ha and the 220 

majority (82%) of municipal-based MPAs which had <40 ha. A total of 29 MPAs covering ≤10 ha had 221 

sizes ranging from 3.18 to 10.00 ha (mean = 6.50), while 52 sites were >10-40 ha with areas from 10.78 222 

to 40.00 ha (mean = 18.8) and 18 MPAs of area with >40 ha ranged from 43.28 to 33,200 ha (mean: 25, 223 

847), including Tubbataha reefs. This large difference, on the contrary, did not indicate statistical 224 

variation on the rates of change in coral cover among groups (QM = 0.64, P = 0.40). However, coral 225 

cover significantly improved across both >10-40 ha (ARC = 4.18%, CI = 1.63 to 7.37%) and >40 ha 226 

MPAs (ARC = 1.55%, CI = 0.25 to 2.75%) but did not show statistically significant improvement in ≤10 227 

ha (ARC = 3.28%, CI = -1.10 to 6.88%) (Fig. 6b).  228 

 229 

Discussion  230 

General trend 231 

 The trend in absolute coral cover (Fig. 2) and the overall mean annual rates of change in coral 232 

cover (~1% yr-1) both showed a general increase in coral cover over time. Unlike the Caribbean reefs, 233 

the Philippine reefs represented in this analysis have not suffered continuous coral cover decline as coral 234 

cover improved from 1981 to 2010. The resiliency of reefs in Indo-Pacific is attributed to the presence 235 

of high diversity and functional redundancy of species that can promote stability of ecosystem processes 236 

and capacity to recover despite the increase in disturbances (Bellwood et al., 2004; Hooper et al., 2005; 237 

Roff & Mumby, 2012). Moreover, the four decades of reef management in the country contributed to the 238 

overall increase in coral cover as the rate of change increased significantly within MPAs compared to 239 

コメントコメントコメントコメント [EM5]: I retained the word 

significant but mentioned it increased but not 

significant increase. 
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non-MPAs (Fig.4).  240 

 Temporal patterns of coral cover change showed the trajectory of decline and recovery, 241 

conservation efforts, and thermal anomalies through the years (Fig. 3). In 1981-1986, coral cover 242 

significantly declined as confirmed by the reports in the 1980s. Signs of reef degradation had already 243 

been apparent since the early reef assessment due to predominant destructive fishing methods, 244 

overfishing, sedimentation from forest denudation and mining, coral harvesting, among others (Gomez 245 

et al., 1981; Yap et al., 1985). This consequently led to initiation of reef protection as management 246 

intervention to conserve coral reefs and prevent extractive exploitation (Alcala, 1988; Aliño et al., 2002). 247 

The occurrence of coral bleaching due to high sea surface temperatures was first reported in the country 248 

during the severe 1982–1983 ENSO (Yap et al., 1992). The coral cover increase in 1989–1995 coincided 249 

with the timing of the exponential growth in the number of established MPAs after 1991 (Weeks et al., 250 

2009). This period also had little or minimal observed thermal stress (Peñaflor et al., 2009). Beginning 251 

in 1996, more bleach-inducing thermal stress events occurred in the Coral Triangle (Peñaflor et al., 252 

2009; fig. 6). The anomalous high sea surface temperature during the strong ENSO in 1997–1998 253 

resulted in large-scale bleaching, which could have influenced the coral decline in the period 1996–2000. 254 

Coral cover increased in 2001–2005 concomitant to continual increase in the number of established 255 

MPAs until early to mid 2000s (Alcala et al., 2008; Weeks et al., 2009). In 2006-2010, despite the large 256 

number of existing MPAs, coral cover did not increase but remained constant. About 48 incidences of 257 

bleaching were reported by the Philippine Coral Bleaching Watch 258 

(https://phcoralbleaching.crowdmap.com/) in 2010, although it was observed to be patchy compared to 259 

the 1998 bleaching episode. In recent years, coastal development and marine-based pollution were 260 

reportedly increasing while medium to high threats in terms of overfishing and destructive fishing 261 

practices (Tun et al., 2008; Burke et al., 2011). Unlike the Great Barrier Reef which had persistent 262 

outbreaks of COTS (Sweatman et al., 2011; De’ath et al., 2012), no large scale outbreaks of COTS 263 

コメントコメントコメントコメント [EM6]: This is based on the format 

of the journal  
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predation were observed in the country although high incidences were reported in 2000s (Magdaong et 264 

al., in press).  265 

 Temporal trends suggest that major threats to Philippine reefs are local anthropogenic impacts and 266 

global impacts of climate change. We have captured an 8% absolute loss of coral cover during the 267 

1997-1998 coral bleaching (a 22% relative coral cover loss given the overall average coral cover was 268 

36%). This estimate however represents the reefs of central and southwestern Philippines and was lower 269 

than the observed coral cover loss (up to 46%) in the western Philippines (Arceo et al., 2001). Impacts 270 

of bleaching on habitat could vary depending on the timing and duration, dominant bleaching-sensitive 271 

coral population (McClanahan et al., 2007; Côté and Darling, 2010; Selig et al., 2012; Barshis et al., 272 

2013) and current speeds on the reef (Nakamura & van Woesik, 2001). Bleaching was widely observed 273 

in August 1998 however, positive thermal anomalies initially developed and prevailed for an extended 274 

period of time in the northwestern Philippines compared to other parts of the country (Arceo et al., 275 

2001). Some areas in the Visayas suffered post-bleaching event mortality in 1999 (Divinagracia et al., 276 

2000; Raymundo and Maypa, 2002). In Zaragoza Marine Sanctuary in Cebu, for instance, coral loss was 277 

reported low because of the dominance of massive corals which are considered to be tolerant to thermal 278 

stress (Alcaria & Bagalihog, 2003) while branching Acropora was found to be most susceptible in the 279 

western Philippines (Arceo et al., 2001). On the other hand, the observed spatial pattern of Acropora 280 

bleaching in Tubbataha reefs in the western Philippines also varied with exposure to wave action, and 281 

current velocity on the reefs (Arceo et al., 2001).  282 

 283 

Marine Protected Areas 284 

 Previous long-term studies of marine reserves showed an overall maintenance of coral cover over 285 

time in the Philippines (Walmsley & White, 2003) and on a global scale (Selig & Bruno, 2010). Some 286 

studies reported no difference in coral cover between inside and outside of MPAs (Jones et al., 2004; 287 
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Tyler et al., 2011; Huntington et al., 2011). There are few long-term studies elsewhere of the effects of 288 

the protection on the reef substrate that can be compared with our results (e.g Walmsley & White, 2003; 289 

Selig & Bruno, 2010; Alvarez-Filip et al., 2011). However, the responses of the organisms to protection 290 

vary in magnitude and trajectory with theoretical and empirical studies (Halpern & Warner, 2002). This 291 

study demonstrated an overall increase in coral cover across the reefs within MPAs over nearly three 292 

decades (Fig. 4). Although the trend in absolute coral cover showed that coral cover increased both 293 

inside and outside of MPAs, the mean annual rates of change revealed that coral cover increased 294 

significantly within MPAs compared with non-MPAs. This is most likely due to protection which helps 295 

in the improvement of the biological condition of the reefs by reducing fishing pressure (such as 296 

overfishing and destructive fishing methods) that affect the substrate condition (Russ, 1991; Walmsley & 297 

White, 2003). Protection also helps in the recovery of key functional groups such as fish herbivores that 298 

are important in climate change resilience (Mumby et al., 2006; Stockwell et al., 2009; Mumby & 299 

Harborne, 2010). Macroalgae compete in space with corals (McCook et al., 2001; Barott et al., 2012). 300 

Fish herbivores inhibit the growth of macroalgae consequently facilitate coral recruitment and survival 301 

(Mumby et al., 2007).  302 

 Despite the documented benefits of no-take marine reserves (e.g., Russ & Alcala, 1996; Kelly et 303 

al., 2000; Roberts et al., 2001; Halpern, 2003; Russ et al., 2004), partially protected MPAs are typically 304 

adopted management approach as a compromise solution in zoning conflicts (Shears et al., 2006, Lester 305 

& Halpern, 2008); especially if fishers oppose the allocation of protected areas because of their 306 

perceived negative impacts on their livelihoods (Halpern & Warner, 2003; Lester & Halpern, 2008; 307 

Horigue et al., 2012). Tyler et al. (2011) found no difference in coral cover between partially protected 308 

MPAs and unprotected reefs. A typical partially protected area consists of a sanctuary or no-take (core) 309 

zone with traditional use (buffer) zone wherein destructive fishing activities (e.g. use of explosives and 310 

poison, muro-ami drive-in net) are prohibited. Commonly, buffer zones only allow relatively low-impact 311 
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extraction methods, such as gleaning or hook and line, and recreational activities (White et al., 2006). 312 

Our result indicates that partially protected areas did not differ in response from fully protected MPAs 313 

(Fig. 5). This is possibly because partially protected MPAs considered here were no-fishing areas with 314 

buffer zones that regulate recreational activities and non-destructive fishing inside the reserve. Further, 315 

buffer zone potentially benefits from spillover from the adjacent core or no-take zone. In addition, the 316 

cessation of rampant illegal fishing (such as blast fishing and the use of poison) which severely impacts 317 

the coral reef may be sufficient to allow the reef to recover as fast as fully protected areas. 318 

 Duration of protection has been suggested as a critical factor in the resiliency of the reef (Selig & 319 

Bruno, 2010). Stockwell et al. (2009) found no significant correlation between the benthic cover and 320 

duration of protection in 15 no-take marine reserves in the Philippines. Our results also suggest that 321 

MPA age did not explain a significant portion of the variation in rates of change in coral cover (Fig. 6a). 322 

Likewise, the rates of change in coral cover did not differ among age groups. Nevertheless, coral cover 323 

remained constant within young MPAs (≤5 yrs) while significantly increased within mid-age (6 to 20 324 

yrs) and old (>20 yrs) MPAs (Fig. 6b). The high variability of rates of change in coral cover in young 325 

reserves may be attributed to recovery after closure to fishing. MPAs considered here are typically 326 

former fishing grounds and were heavily exploited prior to protection (White et al., 2000; White & Vogt, 327 

2000; Alcala & Russ, 2002; Raymundo et al., 2007; Maliao et al., 2009). The absence of illegal fishing 328 

(e.g. blast fishing and use of poison) on the reefs allowed rapid recovery or stabilization of coral 329 

conditions within the initial years of protection. Coral recovery was found to be nonlinear, slower for 330 

extreme and small coral losses but immediate recovery at medium to high levels of coral decline 331 

(Graham et al., 2011). Moreover, some reefs may be dominated by fast growing Acropora species 332 

(Licuanan, 2002), thus allowing fast recovery following establishment. 333 

 Similarly, although the annual rates of change in coral cover were similar across MPA size, coral 334 

cover was observed to improve in mid to large sizes of MPAs but not in small MPAs (Fig. 6b). This 335 

コメントコメントコメントコメント [EM7]: Based on White et al., 2006,  

typically partially protected areas have 

no-take zone and traditional fishing 

zone/muti-use zone. I don’t know with other 

sites but 16/17 of our sites were confirmed 

strictly no fishing inside the core zone while 

some had recreational activities allowed 

inside the no-take zone (e.g. Mabini Batangas 

MPAs). There is little information about the 

operation of partially protected sites, it 

largely depends on municipal ordinance. 
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indicates that on the average, MPA size of >10 ha may be sufficient to protect the habitat. However for 336 

biodiversity conservation, large MPAs may be needed. Reserve sizes of 10–100 km2 (1000–10,000 ha) 337 

are suggested to adequately protect and maintain the associated species within the MPA and facilitate 338 

larval export to fished areas (Halpern & Warner, 2003; Mora et al., 2006). Moreover, in case of large 339 

scale disturbance, large MPAs may help coral populations to provide new recruits to affected reefs (Selig 340 

et al., 2012). Most of the surveyed MPAs in this study fall short of the optimum size but large MPAs on 341 

the contrary may also be difficult to manage (Webb et al., 2004; Maliao et al., 2009) indicating the 342 

urgent need in the Philippines to establish more MPAs and design, manage them as part of networks. 343 

 Our findings revealed no apparent relationship with the pattern of coral cover change and the 344 

reserve characteristics examined (i.e., level of protection, age and size of MPA). This is consistent with 345 

results of Maliao et al. (2009), suggesting that the overall response of coral cover and reef fish within 346 

Philippine marine reserves is independent of the reserve size and the duration of protection. Several 347 

factors may have contributed to the variability of reserve response. The initial condition of the MPA 348 

upon establishment may play a role in the trajectory of coral cover change over time. Although there 349 

was no difference in the coral cover initially between the MPA and the adjacent fishing ground, some 350 

areas were in poor to fair (<50%) condition to begin with, while some were good to excellent (>50%) in 351 

coral cover. Further, the dominant lifeform or coral morphology, and species in the area may also affect 352 

the rates of change in cover. Reefs dominated by branching corals have higher growth rates compared to 353 

massive corals (Dullo, 2005). Also, site specific environmental conditions such as situation can have an 354 

adverse impact on coral growth and reef development (Hubbard, 1986; Rogers, 1990; Crabbe & Smith, 355 

2005; Fabricius, 2005; Wilson et al., 2005). Effective enforcement and good management practices may 356 

also be a determining factor. 357 

 Walmsley & White (2003) demonstrated that management and enforcement factors were 358 

significantly related to ecological variables in Philippine marine reserves. While Maypa et al. (2012) 359 
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who used coral cover and fish density to compare with MPA rating, reported that high management 360 

ratings were likely to have better reef health conditions. However, this was not accounted in our analyses 361 

because the timing of the last monitoring did not coincide with the year of MPA rating in many sites. 362 

The positive change in coral cover within MPAs is an indication that many MPAs included here had 363 

enforcement and management in place. Management efforts should be sustained because reefs with 364 

reduced anthropogenic impacts (e.g., blast fishing) have a higher resilience after natural disturbance than 365 

reefs suffering from multiple stressors (West & Salm, 2003). 366 

 367 

Conclusion 368 

 We first describe the long-term pattern and magnitude of change in coral cover in the Philippines. 369 

Our analyses revealed an overall increase in the rate of change in coral cover for almost three decades. 370 

Temporal trends showed that chronic human induced disturbances and thermal stress are major threats to 371 

the Philippine reefs. The four decades of conservation efforts contributed to the overall positive change 372 

in coral cover as the rate of change increased within MPAs compared with non-MPAs. Protection from 373 

fishing therefore helps improve the coral cover compared with unprotected reefs. However, we found no 374 

relationship between the rate of change in coral cover with level of protection, age or size of MPA. 375 

  The analyses in this study are limited to quantitative changes in coral cover. Changes in species 376 

composition through time should also be investigated because coral taxa may vary following 377 

disturbance and recovery (Berumen & Pratchett, 2006; McClanahan et al., 2007). Estimates of rates of 378 

change in coral cover, however, may be constrained to potential biases arising from preferences for 379 

surveying good sites on the reef or the inability to maintain fixed stations over time. Nonetheless, this 380 

comprehensive study revealed the overall trend and rates of coral cover change over time across the 381 

reefs in the Philippines. Our results provide useful information on the response of coral reefs to 382 

protection, which will help improve the design and management of MPA networks to optimize the 383 
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benefits of protection. We hope this helps encourage and sustain efforts to establish more MPAs to 384 

protect a larger proportion of Philippine reefs, especially those around the larger islands of Luzon and 385 

Mindanao (that are less represented in this work).  386 
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Figure Captions 748 

 749 

Fig. 1 Distribution of the sites surveyed by different studies and marine protected areas (MPAs) 750 

throughout the Philippines. Each mark (�) may represent multiple sites. Most of the sites surveyed are 751 

confined in the Visayan Sea. The Philippine provincial map and boundaries were downloaded from 752 

www.philgis.org. The locations of coral reefs were sourced from the World Resources Institute (2011). 753 

 754 

Fig. 2 Annual absolute coral cover (%) of MPA (●), non-MPA (○) and the average of all sites (gray line) 755 

from 1981 to 2010. The average coral cover for each year are weighted means with 95% bias-corrected 756 

confidence intervals.The number of MPA (filled bar) and non-MPA (empty bar) sites per year are 757 

denoted by bar graph. No data were obtained in years 1987-88 and 1990-91. 758 

 759 

Fig. 3 Annual rates of change in coral cover in 5-year time periods. Bars are 95% bias-corrected 760 
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bootstrapped confidence intervals. Time periods 1981–1986 and 1989–1995 covered 6 and 7 years, 761 

respectively to compensate the paucity of data in years 1987–88 and 1990–91. Sample sizes are given in 762 

parentheses. 763 

 764 

Fig. 4 Annual rates of change in coral cover (overall), MPAs and non-MPAs from 1981 to 2010. Bars 765 

are 95% bias-corrected bootstrapped confidence intervals. Sample sizes are given in parentheses. 766 

 767 

Fig. 5 Annual rates of change in coral cover for all data, no-take MPAs, and partially protected MPAs 768 

since establishment. Bars are 95% bias-corrected bootstrapped confidence intervals. Sample sizes are 769 

given in parentheses. 770 

 771 

Fig. 6 a. Relationship between annual rate of change in coral cover and MPA age of 99 sites. The size of 772 

the circle represents the corresponding size of MPAs at a given age. b. Annual rate of change in coral 773 

cover of age and size of MPAs classified in groups. 774 


