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Implications of Community-Based Managed Reserves

not be as ecologically significant as the increase of all species
across the community.

Researchers have repeatedly concluded that marine reserves
will not lead to an increase in fishery resources if they are not
effectively managed or designed (Mora, 2008; Gaines et al., 2010;
Rife et al., 2013; Muallil et al., 2019). Here we investigated the
impact of implementing community-based management on fish
community structure and biodiversity in marine reserves and
open access areas across the Philippines.

MATERIALS AND METHODS

Data Description

Fisheries independent data, such as species name, abundance,
and estimated length were collected from 20 sites in the
Philippines between the years of 2011 and 2017 as part of Rare’s
Fish Forever Program (Figure 1). The data were collected using
five 50 m transects and two swimmers at each site, who would
visually identify species, count, and estimate total lengths of each

FIGURE 1 | Site Map of the 20 Fish Forever program sites where marine reserves are located. Data Source: GADM, Spatial Reference: GCS WGS 1984.
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TABLE 1 | Description of marine reserve area, dates of establishment, and range of dates for data collection for each site.

Site name Municipal waters (ha) Marine reserve (ha) % Protected Reserve Est. date Data dates Protected habitat
Ayungon 9,399 237 25 2008* 20122017 Coral reef
Bindoy 10,230 332 3.2 2006* 2012-2017 Coral reef
Cantila 41,830 250 0.6 2006 2011-2017 Coral reef
Cortes 56,000 307 0.5 2007 2011-2017 Coral reef
Culasi 151,506 146 0.1 1991 2015-2017 Coral reef
Dapa 17,174 152 0.9 2006 2015-2017 Coral reef

Del Carmen 44,816 38 0.1 2015 2015-2017 Coral reef, seagrass beds
Gubat 8,244 35 0.4 2012* 2011-2017 Coral reef
Inabanga 14,837 100 0.6 2000 2011-2017 Coral reef

Ipil 20,270 1923 9.5 2004 20122017 Coral reef, seagrass beds
Libertad 35,657 16 0.04 1998 2015-2017 Coral reef
Looc 138,304 913 0.7 2010 2015-2017 Coral reef
Lubang 109,886 581 0.5 2010 2015-2017 Coral reef
Manjuyod 12,158 83 0.7 1994 2015-2017 Coral reef
Masinloc 11,080 128 1.2 1989* 2015-2017 Coral reef
Mercedes 53,850 22 0.04 2002 2015-2017 Coral reef
Sagnay 13,566 475 3.5 1993 2012-2017 Coral reef

San Carlos 27,868 108 0.4 2005 2015-2017 Coral reef
Tayasan 6,552 6 0.1 1993 2015-2017 Coral reef
Tinambac 20,900 182 0.9 2006 2011-2017 Coral reef

*Dates retrieved from Muallil et al. (2019).
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FIGURE 2 | Non-metric multidimensional scaling (hMDS) plot of fish species community structure of all sites. Symbols indicate site.
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TABLE 2 | Results from PERMANOVA pair-wise test at each site for each
combination factor.

Site Interaction group Pair-wise t P Permutations
Ayungon Insidebefore, Insideafter 1.1924 0.018* 9822
Insidebefore, Outsidebefore  1.3709 0.0022* 9362
Insideafter, Outsideafter 1.6592 0.0001* 9854
Outsidebefore, Outsideafter ~ 1.0102 0.3938 9842
Bindoy Insidebefore, Insideafter 0.93102 0.6620 9837
Insidebefore, Outsidebefore  1.6926 0.0001* 9318
Insideafter, Outsideafter 2.0107 0.0001* 9846
Qutsidebefore, Outsideafter  1.1027 0.1224 9762
Cantila Insidebefore, Insideafter 1.4291 0.0002* 9829
Insidebefore, Outsidebefore  1.4887 0.0001* 9825
Insideafter, Outsideafter 1.3999 0.0001* 9809
Outsidebefore, Outsideafter ~ 1.5028 0.0001* 9806
Cortes Insidebefore, Insideafter 1.4745 0.0001* 9825
Insidebefore, Outsidebefore  1.4769 0.0002* 9824
Insideafter, Outsideafter 1.6373 0.0001* 9816
Outsidebefore, Outsideafter ~ 1.2704 0.0021* 9798
Culasi Insidebefore, Insideafter 1.0789 0.2735 15
Insidebefore, Outsidebefore  1.1831 0.0629 15
Insideafter, Outsideafter 1.6225 0.0015* 494
Outsidebefore, Outsideafter ~ 0.99826  0.4280 495
Dapa Insidebefore, Insideafter 1.0265 0.3477 2900
Insidebefore, Outsidebefore  1.1623 0.0462* 126
Insideafter, Outsideafter 1.2076 0.0248* 9350
Outsidebefore, Outsideafter ~ 0.96393  0.6181 2896
Del carmen  Insidebefore, Insideafter 1.0611 0.2562 1000
Insidebefore, Outsidebefore  0.94441  0.5870 210
Insideafter, Outsideafter 1.1169 0.1488 9351
Outsidebefore, Outsideafter ~ 1.0597 0.2534 5701
Gubat Insidebefore, Insideafter 2.0684 0.0001* 9851
Insidebefore, Outsidebefore  0.98791 0.4782 9557
Insideafter, Outsideafter 1.8759 0.0001* 9805
Outsidebefore, Outsideafter ~ 1.4304 0.0002* 9808
Inabanga Insidebefore, Insideafter 1.0853 0.1543 8777
Insidebefore, Outsidebefore  1.5218 0.0001* 9833
Insideafter, Outsideafter 1.2544 0.0271* 2871
Outsidebefore, Outsideafter ~ 1.4027 0.001* 9872
Ipil Insidebefore, Insideafter 1.1128 0.0976 9781
Insidebefore, Outsidebefore  1.24 0.0081* 9312
Insideafter, Outsideafter 1.4839 0.0001* 9850
Outsidebefore, Outsideafter ~ 1.2109 0.0248* 9842
Libertad Insidebefore, Insideafter 1.2152 0.0157* 2869
Insidebefore, Outsidebefore  0.90107  0.9045 126
Insideafter, Outsideafter 1.1161 0.0572 9301
Outsidebefore, Outsideafter ~ 1.3003 0.0003* 2870
Looc Insidebefore, Insideafter 1.0598 0.2423 2877
Insidebefore, Outsidebefore  1.3194 0.033* 126
Insideafter, Outsideafter 1.7291 0.0002* 9366
Outsidebefore, Outsideafter ~ 0.9031 0.7444 2878
Lubang Insidebefore, Insideafter 1.0165 0.3559 2884
Insidebefore, Outsidebefore  1.6057 0.0081* 126
Insideafter, Outsideafter 2.0124 0.0001* 9338
Outsidebefore, Outsideafter ~ 0.96575  0.6228 2881
(Continued)

TABLE 2 | (Continued)

Site Interaction group Pair-wise t P Permutations
Manjuyod  Insidebefore, Insideafter 1.1161 0.0733 2872
Insidebefore, Outsidebefore  1.0104 0.4004 126
Insideafter, Outsideafter 1.1652 0.045* 9318
Outsidebefore, Outsideafter ~ 1.044 0.2695 1978
Masinloc Insidebefore, Insideafter 1.1679 0.0374* 2880
Insidebefore, Outsidebefore ~ 1.2292 0.0243* 126
Insideafter, Outsideafter 1.4242 0.0027* 9325
Outsidebefore, Outsideafter ~ 0.94929  0.6460 1983
Mercedes  Insidebefore, Insideafter 1.0241 0.3733 2871
Insidebefore, Outsidebefore  1.2486 0.0477* 126
Insideafter, Outsideafter 1.1981 0.0418* 9310
Outsidebefore, Outsideafter ~ 1.0515 0.2696 2879
Sagnay Insidebefore, Insideafter 1.12 0.1367 9843
Insidebefore, Outsidebefore  1.1131 0.1329 9307
Insideafter, Outsideafter 1.1321 0.0808 9834
Outsidebefore, Outsideafter ~ 1.0552 0.2312 9763
San Carlos  Insidebefore, Insideafter 1.3202 0.0026* 7658
Insidebefore, Outsidebefore 1.4902 0.0053* 210
Insideafter, Outsideafter 2.0183 0.0001* 9473
Outsidebefore, Outsideafter ~ 1.1381 0.1010 494
Tayasan Insidebefore, Insideafter 1.0722 0.2491 495
Insidebefore, Outsidebefore 1.1236 0.0629 35
Insideafter, Outsideafter 1.2372 0.0147* 5097
Outsidebefore, Outsideafter ~ 1.096 0.1524 495
Tinambac  Insidebefore, Insideafter 1.3424 0.0017* 9865
Insidebefore, Outsidebefore 1.3688 0.0006* 9841
Insideafter, Outsideafter 1.4386 0.0001* 9813
Outsidebefore, Outsideafter ~ 1.3806 0.0002* 9828

*Indicates significance.

fish. In each of the sites, abundance data were collected inside and
outside the marine reserve. Reserve implementation occurred as
early as 1989 and as late as 2012 (Table 1). Rare facilitated the
implementation of community based management in 2014 at
all of these sites.

Analysis

To determine the reef fish communities inside and outside
the marine reserves before and after CBM was implemented,
one-way PERMANOVA and SIMPER analyses were run using
PRIMER-e (Clarke and Gorley, 2006). Both analyses were
completed on a combination factor of whether the samples
were inside or outside the marine reserve and if they were
before or after CBM. Of all the combinations we used pair-
wise tests within the PERMANOVA to compare four of
the combinations: (1) “inside before” and “inside after” (2)
“outside before” and “outside after” (3) “inside before” and
“outside before” and (4) “inside after” and “outside after”.
Fish abundance data were transformed using a 4th-root
transformation and then a Hellinger similarity matrix was
applied. Fish community structure was then visualized using
non-metric multidimensional scaling (nMDS). The nMDS
allows us to see similarities of species composition between
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