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Abstract 

Linking Terrestrial and Marine Protected Areas at the Coastal Interfase 

by 

T.E. Angela L. Quiros 

The earth is losing biodiversity and ecosystem services due to anthropogenic impacts, 

and one way to mitigate this is to establish protected areas. Despite an increase in 

their global coverage, biodiversity is decreasing, while the world’s human footprint 

and population density are increasing. Effective coastal conservation requires a better 

understanding of how human activities on land may affect adjacent marine 

communities, but empirical work is lacking. My dissertation examines the synergistic 

benefits of co-locating protected areas and examines connections between terrestrial 

protection and nearshore marine protection by studying seagrass health, (1) a large-

scale, multi-island field study of how human use of terrestrial watersheds directly and 

indirectly affect recipient marine communities, (2) a field experiment measuring the 

influence of the flux of sediments from human-impacted vs. non-impacted terrestrial 

watersheds on three adjacent nearshore island marine communities, (3) an exploration 

of the ecosystem services provided by seagrass beds, specifically small-scale 

fisheries. Integrating terrestrial with marine protection can improve coastal 

conservation efficiency. Using the tropical seagrass system, my dissertation provides 

evidence that terrestrial protection is more important than marine protection for 

nearshore marine health. Proper management of shallow-water marine resources 

should take into account stewardship of the adjacent watersheds and coastlines. 
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Introduction   

The earth is losing biodiversity and ecosystem services due to anthropogenic 

impacts (Millenium Ecosystem Assessment 2005). One way to mitigate this is to 

establish protected areas, both terrestrial and marine, effectively reducing habitat loss 

and mortality from harvesting (Pimm et al. 2001). However, protected area failures 

are similar in terrestrial and marine protected areas, because despite an increase in 

their global coverage, biodiversity is decreasing, while the world’s human footprint 

and population density are increasing (Mora and Sale 2011).   

Effective coastal conservation requires a better understanding of how human 

activities on land may directly and indirectly affect adjacent marine communities and 

vice versa. An examination of the fluxes between marine and terrestrial systems has 

been overlooked when establishing terrestrial and marine reserves (Stoms et al. 

2005). There is a call to assess threats from both land and sea, and to examine the 

location of conservation areas that may affect downstream estuarine and marine 

habitat (Stoms et al. 2005, Tallis et al. 2008), but empirical work is lacking.  

The interface between an island and the nearshore marine habitat is part of the 

coastal ecosystem mosaic, high in organismal diversity and density and a locus for 

cross-ecosystem exchange of materials such as organic matter, nutrients, and 

sediment (Sheaves 2009). The coastal ecotone has high value from nursery services, 

providing food, habitat, and refuge (Beck et al. 2001). The coast is also houses over 

60% of the world’s people, and is facing threats from population growth, with 

resulting demands for rapid, large-scale development, housing, food and energy, 
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conversion of land to agriculture, and urbanization (Sala et al. 2000; Musters et al. 

2000; Hughes et al. 2009; Waycott et al. 2009). 

Linkages across marine and terrestrial systems affect biodiversity and 

ecosystem functioning at the coastal interface. My dissertation examines the 

synergistic benefits of co-locating protected areas and examines connections between 

terrestrial protection and nearshore marine protection by studying seagrass health. 

Seagrasses have been used in a variety of studies to assess the health of the nearshore 

marine environment (Bach et al. 1998; Tewfik et al. 2007; Balata et al. 2008; 

Martinez-Crego et al. 2008).  They are found in the shallow, protected nearshore 

marine habitat where nutrients and sediment from land have profound influence (Orth 

et al. 2006).  The US National Estuarine Eutrophication Assessment uses seagrasses 

as one of the five sensitive pollution indicators (Bricker et al. 2003). 

Controlling fluxes from land and examining links between marine protected 

areas can inform management and land-use decisions. Orth et al. (2006) suggested 

incorporating landscape-level models to show how watershed runoff is linked to 

seagrass and that most of the seagrass losses are from human induced nutrient and 

sediment runoff from nearby watersheds. Furthermore, land-sea interactions in 

seagrass beds are linked via watershed drainages and land use practices (Freeman et 

al. 2008). 

What are the benefits of a healthy nearshore marine system? There has been 

little work identifying ecological, social, and economic links between marine 
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protected areas (MPAs) and adjacent ecosystems (Cicin-Sain and Belfiore 2005). 

Nearshore coastal fisheries provide key ecosystem services. Globally, 200 million 

people are engaged in small-scale fisheries, with 90% of people engaged in fishing 

from the developing world (Allison and Ellis 2001; Berkes et al. 2001, FAO 2014, 

FAO 2002). Of particular concern is the decline of small-scale fisheries because they are 

critical for the food security of coastal developing nations (FAO and WorldFish 

Center 2009), and they provide important poverty-reduction, employment, essential 

food, and key protein sources in developing countries (Bene et al. 2007). Seagrass 

small-scale fisheries provide an important source of food and income generation for 

low income communities in the tropics (Unsworth et al. 2010; Norland et al. 2010; 

Cullen-Unsworth et al. 2014; de la Torre-Castro et al. 2014). However, despite the 

high fishing pressure on seagrasses, they are not a priority in fisheries management 

(de la Torre-Castro et al. 2014) and have limited protection (Cullen-Unsworth et al. 

2014). 

My doctoral dissertation has three components: (1) a large-scale, multi-island 

field study of how human use of terrestrial watersheds directly and indirectly affect 

recipient marine communities, (2) a field experiment measuring the influence of the 

flux of sediments from human-impacted vs. non-impacted terrestrial watersheds on 

three adjacent nearshore island marine communities, (3) an exploration of the 

ecosystem services provided by seagrass beds, specifically small-scale fisheries.  
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The Pattern is an archipelago-wide natural experiment over 54 seagrass beds 

across 35 islands in the Philippines. I ask the questions (1) Do MPAs affect seagrass 

diversity and abundance? (2) Do TPAs affect seagrass diversity and abundance? (3) 

What is more important in affecting seagrass diversity and abundance? Land use in 

the greater watershed or along the coast? 

The Mechanism is a detailed three-site experiment that examines the 

mechanism underlying the response of three tropical seagrass meadows with different 

levels of marine and terrestrial protection to (1) see if the patterns from Chapter 1 are 

replicated on a smaller scale, (2) document abiotic metrics across study sites 

(sedimentation rates, in-situ sediment, light attenuation, and relative light 

availability), (3) investigate how seagrass biotic health indicators (abundance and 

diversity) vary relative to terrestrial vs. marine protection.   

In The Benefits, I characterize small-scale tropical seagrass fisheries in two 

Philippine communities, with three questions: (1) what are the fishery benefits 

provided by seagrass beds to the communities (2) how important are seagrass 

fisheries relative to coral reef fisheries (3) who in the communities benefit from 

seagrass fisheries. 

Overall significance 

Integrating terrestrial with marine protection can improve coastal conservation 

efficiency.  Using the tropical seagrass system, my dissertation provides evidence that 

terrestrial protection is more important than marine protection for nearshore marine 
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health. Proper management of shallow-water marine resources should take into 

account stewardship of the adjacent watersheds and coastlines. 
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The Pattern. An archipelago-wide demonstration of the impacts of terrestrial 

and marine protection on seagrass meadows  

Abstract 

The accelerating loss of marine and terrestrial biodiversity and the ecosystem 

services it provides is a growing concern. Effective coastal conservation requires a 

better understanding of how human activities on land may directly and indirectly 

affect adjacent marine communities, however the relationship between terrestrial and 

marine systems has rarely been considered in terrestrial and marine reserve design. 

Seagrasses are affected by land-based activities due to their proximity to terrestrial 

systems and established sensitivity to fluxes of terrestrially-derived organic and 

inorganic material. Our study examines how land use patterns adjacent to seagrass 

meadows influences seagrass condition using a suite of seagrass condition metrics on 

a landscape level across the Philippine archipelago. Using canonical correlation 

analysis (CCA), we measured the association between environmental variables 

(terrestrial land use and seagrass abiotic conditions) with biotic variables (seagrass 

condition). Terrestrial protection adjacent to seagrass meadows, defined as the 

absence of various anthropogenic land use perturbations, had significant positive 

effects on seagrass condition (e.g. seagrass species richness and abundance). The 

watershed area, and area of farmland, and area of human development, characterized 

by houses, commercial development and roads had the most negative effect on 

seagrass condition. Using analysis of covariance (ANCOVA) and regression, we 

examined how marine protection area (MPA) establishment, size, and age, affected 

seagrass biotic conditions while holding environmental conditions (abiotic conditions 
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and land use) constant. The relationship between biological canonical factors and 

environmental canonical factors did not vary as a function of the presence or absence 

of an MPA, MPA size (small, large, no MPA), nor MPA age (new, old, no MPA). 

This study provides evidence that terrestrial protection is more important than marine 

protection for tropical seagrass abundance and richness. Proper management of 

seagrass resources should take into account stewardship of the adjacent watersheds 

and coastlines.  
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Introduction 

 The accelerating loss of marine and terrestrial biodiversity and the ecosystem 

services it provides to people is a growing concern (Turner et al. 2007, Waycott et al. 

2009). Habitat loss is the second most important driver of past extinctions and the 

leading driver of current endangerment (Tershy et al. 2015). Globally, > US$21 

Billion is spent annually to prevent and mitigate this loss (Waldron et al. 2013). The 

creation of protected areas is a well-established tool to reduce biodiversity loss via 

reducing habitat loss and mortality from harvesting (Pimm et al. 2001). There are 

more than 200,000 protected areas worldwide (Chape et al. 2005; Jenkins and Joppa  

2009; Juffe-Bignoli et al. 2014), and ~4,400 of those are marine protected areas 

(MPAs) (Wood et al. 2008), totaling 3.4 % of marine area (Juffe-Bignoli et al. 2014). 

However, up to 421.9 million people worldwide live near the borders of protected 

areas, resulting in over 83% of MPAs and 95% of terrestrial protected areas (TPAs) 

being highly impacted by humans (Mora and Sale 2011).  

 The coastal ecotone is an interconnected set of habitats made up of coastal, 

estuarine, wetland and freshwater systems that is high in organismal diversity and 

density (Sheaves 2009), and important for ecosystem function and services (Beck et 

al. 2001). This ecotone is important in the transfer of organic and inorganic material 

between terrestrial and marine ecosystems (Cloern 2007). However, it is also where 

60% of the world’s growing human population is located, resulting in direct habitat 

conversion for housing, transportation, energy, and agriculture, and in indirect 
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conversion due to increased physical disturbance, eutrophication and sedimentation 

(Musters et al. 2000; Sala et al. 2000; Hughes et al. 2009).  

 Many coastal MPAs are at least potentially impacted by human activities on 

land (Mora and Sale 2011) that are not necessarily mitigated by marine protection 

(Valiela et al. 2001; Freeman et al. 2008; Packett et al. 2009). Consequently, there is 

growing interest in integrating terrestrial and marine conservation in the coastal zone 

(Cicin-Sain and Belfiore 2005; Stoms et al. 2005; Tallis et al. 2008; Beger et al. 2010; 

Klein et al. 2010). However, the creation of marine and terrestrial protected areas has 

largely proceeded independently, without examination of the costs or benefits of co-

locating marine and terrestrial protected areas (Stoms et al. 2005). This study 

measures the relative importance of marine vs. terrestrial protected areas to the 

integrity of tropical seagrass communities on a landscape level at 54 sites across 35 

islands throughout the Philippine archipelago. Specifically, we examined the 

independent and synergistic effects of marine vs. terrestrial protection, the 

environmental conditions of the seagrass ecosystem, and the resulting effects on an 

array of abiotic and biotic indices of seagrass condition. 

Methods 

 Our goal was to determine whether seagrass condition varied as a function of 

environmental attributes and marine and terrestrial protection status. To address this 

goal, we sampled 54 seagrass meadows adjacent to 35 islands ranging in area from 

small islands of less than 1 km2 (Agutaya) to over large islands of 100,000 km2 

(Luzon) (Fig. 1). We surveyed approximately 50% of the latitudinal range of the 
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Philippine archipelago from the northernmost site in the Pangasinan province to the 

southernmost in the Negros Oriental province (Fig. 2.1).   

 We selected sites based on representation of marine and terrestrial protected 

status, geographic representation across the archipelago, and accessibility for 

conducting fieldwork. Each island exhibited a combination of different land uses 

ranging from minimal human impact (de facto protected or TPAs) to highly impacted 

islands (multiple combinations of land uses), while the marine areas were categorized 

as protected (MPAs) or unprotected (Fig. 2.1).  

Definition of Marine Protection 

  Forty-two percent of the sites were located inside MPAs, and included both 

formal (n = 16) and de-facto (n = 7) MPAs. Formal MPAs were established as 

fisheries management tools through either the National Integrated Protected Areas 

System Act of the Philippines (NIPAS) or the Local Government Code of 1991 and 

the Fisheries Code of 1998, which gave local governments the authority to manage 

their nearshore marine waters in cooperation with the national government (Russ and 

Alcala 1999). De facto MPAs were those managed by private island owners who 

prevented fishing around their islands. MPAs ranged from complete to incomplete 

protection; some included no-take zones (n = 15), while others allowed some level of 

fishing controls (n = 9). In this study, we did not rate the efficacy of MPAs, but 

collected data on the size of each MPA and the year each was established (Appendix 

1) because other studies have found that MPA age and size are among key features 
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that optimize marine biodiversity protection (Claudet et al. 2008; Vanderperre et al. 

2011; Edgar et al. 2014).  

While positive effects of an MPA have been demonstrated within 5 years of 

establishment, previous studies used age greater than 10 years as a threshold for an 

old MPA and less than 5 years as a new MPA (Claudet et al. 2008; Molloy et al. 

2009; Babcock et al. 2010; Vandeperre et al. 2010; Edgar et al. 2014). Edgar et al. 

(2014) considered an area greater than 100 km2 as a large MPA, and an area less than 

1 km2 as a small MPA. Based on these criteria, we categorized an MPA of less than 5 

years as new, and less than 1 km2 as a small MPA. Globally, almost half of all MPAs 

are small 1 km2 and are new (Wood et al. 2008).  In our suite of samples, 65% were 

old/large, 17% were old/small, 9% were new/large, and 9% were new/small. 

Definition of Terrestrial Protection  

 Since there is a lack of officially designated coastal terrestrial protected areas 

in the Philippines, we developed a proxy for terrestrial protection based upon level of 

human land use in two zones: (1) the watershed, or catchment that drained into the 

seagrass meadow, and (2) a 50 m wide coastal strip on the island adjacent to each 

seagrass meadow. We obtained satellite imagery (World Imagery) of the islands from 

ArcGIS online (ESRI, 2011). We digitized whole islands if they were smaller than 5 

km2, while for the 3 larger islands (Luzon, Negros, Mindoro), we only digitized the 

affected watershed. We overlayed ArcGIS Online’s Topographic and World Shaded 

Relief layers to manually trace the watershed that drained into each of the seagrass 
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meadows we surveyed based on the changes in elevation (ESRI, 2011). For all sites, 

we classified land use categories according to human development (houses, 

commercial development, roads), vegetation (forests, scattered trees), bare ground 

(exposed soil, fallow farmland), farmland, and aquaculture. We considered areas 

containing native vegetation as protected (Klein et al. 2010). Unlike marine 

protection, which was a binary code, terrestrial protection ran along a gradient of 

different forms of land uses and vegetation in each watershed or coastal trip. We 

calculated the total area covered by each land use category for all the watersheds that 

corresponded to each meadow, and the total area covered by each watershed. 

Seagrass ecological survey 

We surveyed 54 seagrass meadows around 34 islands and/or peninsulas in the 

Philippines between June and August in 2011 and 2012. Around some islands, we 

surveyed multiple seagrass sites; each meadow was within 0.25 km from the shore. 

We measured multiple indices for all seagrass species across sites, and 

focused additional sampling on Enhalus acoroides. As a canopy forming, climax 

species in this tropical seagrass assemblage, Enhalus acoroides dominates the dry 

weight biomass of a meadow, and is relatively insensitive to siltation and lower light 

levels, and may indicate reduced environmental state (Terrados et al.1998). At each 

site, we established two 50 m transects parallel to shore in the middle of each seagrass 

bed: one on the shallow, shoreward side of the bed, and the second 50 m seaward 

from the first.  At the 0 m, 25 m, and 50 m points along each line we measured 
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salinity (refractometer), water temperature (Suunto D4), and depth (meter tape), and 

measured underwater horizontal visibility using a secchi disk.  

We placed 0.25 m2 quadrats at 10 or 12 randomly assigned points along each 

50 meter transect. Within each quadrat we measured seagrass species richness, 

percent cover, shoot density, above-ground biomass, and canopy height using 

standardized SeagrasssNet methods (http://www.SeagrassNet.org).  

Sediment sample collection 

We obtained three replicate sediment cores from 10 cm depth in the middle of 

each seagrass bed using a 0.03 m2 core. The contents of the first two cores were sun 

dried and stored in plastic bags for subsequent quantitative grain size analysis and 

sediment component identification. The third core was divided into three 50 g 

subsamples that were frozen in HDPE plastic bottles upon returning to the mainland, 

and used for sediment percent organics.  

Quantitative grain size analysis    

We used the dry sieving method to determine grain size of the sediment 

collected from each site. Fifty grams of the sediment collected from the cores were 

oven-dried for 24 hours at 50 degrees Celsius, and sieved to grain sizes ranging from 

gravel to very fine sand. Samples were subsequently binned into three grain size 

classes: (1) Coarse size class sediment, which included gravel (2–4 mm), very coarse 

(1–2 mm), and coarse sand (0.50–1 mm), (2) Medium size class sediment, which 

http://www.seagrassnet.org/
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included medium (0.25-0.50 mm) and fine sand (125–250 µm), and (3) Fine size 

class sediment, which included very fine sand (62.5–125 µm) and silt (3.90625–

62.5 µm).  

Sediment identification 

After sieving, we sorted known calcareous material from unknown material 

using a dissecting scope, then placed the remaining sediment in a test tube and 

acidified them with a 10% HCl solution to remove unknown carbonate material. After 

all the unknown calcareous components disappeared (anywhere between 2-4 days), 

we dried out the remaining material and classified it as terrestrial material, and the 

proportion of terrestrial material was calculated out of the total weight of the 

subsample. 

Sediment organic matter 

The relative organic carbon content of the sediment from each site was 

measured using Loss on Ignition (LOI) methods. Sediment collected from each 

seagrass bed was frozen for transportation and then dried at 50 degrees C for 24 

hours. We homogenized each sample using a mortar and pestle and weighed 2-3 

grams in a crucible. Three samples per site were divided into three replicates for a 

total of 9 crucibles per station used for organic carbon analysis, for a total of 9 

crucibles per site; we used the mean of those crucibles to estimate percent organic 

matter of the sediment at each site. The sediment, including the crucible, was weighed 

using a balance to get the initial weight. The sediment and the crucibles were placed 

http://en.wikipedia.org/wiki/Micrometre
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in an oven at 550 degrees Celsius for 16 hours, then removed and left to cool before 

weighing for LOI (Craft et al. 1991).  

Statistical analyses 

To assess the effect of terrestrial and marine protection on the state of seagrass 

communities, we employed a three-part analysis that included: canonical correlation 

analysis (CCA), analysis of covariance (ANCOVA), and regression. 

Previous studies involving seagrass used CCA to look at the effect 

environmental variables such as tidal exposure and water motion have on biological 

variables such as seagrass biomass, growth rates, C:N and N:P of seagrass tissue 

(Erftemejer and Herman 1994), as well as the effects of temperature, dissolved 

inorganic nitrogen, rainfall, daylight exposure and wind speed on seagrass density, 

growth rate, root: shoot ratio and percent cover (Lin and Shao 1998). 

To test whether terrestrial protection had an effect on the state of seagrass 

communities in each of the sites, we employed a CCA to find sets of predictor 

variables that most strongly associated with sets of response variables. We considered 

biological variables the response variables, and environmental variables the predictor 

variables. We considered the mean biological and environmental variables for each 

site as independent replicates (i.e. a single value per variable per site). Environmental 

variables included both physical variables (salinity, depth, visibility, sediment 

characteristics), and land use variables that characterized terrestrial protection 

including area of human development, area of aquaculture, area of farmland and area 
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of vegetation in the greater watershed, and area of human development, aquaculture, 

farmland, and vegetation within a 50-meter coastal strip that ran parallel to the 

seagrass meadow) (Table 2.1). CCA extracts paired sets of variables along with their 

coefficients such that CC1 is the most explanatory pair, followed by CC2 and so on. 

The null hypothesis is that there is no correlation between any of the pairs of 

canonical factors, using Bartlett’s X2 tests (Quinn and Keough 2002).   

Using Eigen analysis, CCA computes coefficients and loadings for each set, 

and we interpreted the canonical correlations between the canonical factors using the 

signs associated with the variables within each set. Canonical coefficients are 

unbound and show the direction of the relationship, while canonical loadings measure 

the strength of the linear relationship between the original variables and the derived 

canonical variate (Quinn and Keough 2002). Previous studies considered variables 

with canonical loadings greater than 0.5 to show a good fit between the x and y 

variables with larger values of canonical coefficients showing greater effect 

(Erftemejer and Herman 1994). We included variables with at least 0.4 for canonical 

loadings and 0.3 for canonical coefficients in our interpretation. Significant canonical 

factors show strong associations between biological & environmental variables. To 

graphically represent those associations, we divided each graph into four quadrats and 

placed the biological canonical factors on the y axis and the environmental canonical 

factors on the x axis, and used the coefficients and loadings from each set to interpret 

the CC graphs.  
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To ask if there was an effect of marine protection on the biological canonical 

factors after controlling for environmental canonical factors, we employed one-way 

ANCOVAs. We plotted the biological canonical factors on the y-axis and the 

environmental canonical factors on the x-axis. We performed three separate one-way 

ANCOVAs to test for the difference in slopes between the sites that had 1) an MPA 

(present or absent), 2) large MPAs (defined as greater than 1 km2), small MPAs 

(defined as less than 1 km2), and sites without MPAs, and 3) old MPAs (defined as 

greater than 5 years old), new MPAs (defined as less than 5 years), and sites without 

MPAs.  

If the interaction term in the ANCOVA (e.g. CC1 environmental x MPA age) 

was not significant, we concluded that the slopes of the relationship for each level 

(e.g. MPA age = young, old) of the categorical variable were equivalent and we ran a 

reduced model, concluding that the covariate did not affect the relationship between 

MPAs and biological variables. A significant interaction in the ANCOVA model 

indicated that the two slopes differed, meaning that the covariate (CC1 or CC2 

environmental canonical factors) had an effect on the relationship between MPAs and 

biological canonical factors.  

The final step was to determine the nature of the difference in slopes. We 

performed separate linear regressions, one for each level of the categorical variable in 

the model (i.e. presence or absence of MPA, old versus new versus no MPA, and 
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small versus large versus no MPA) to test if each of the slopes differed from zero, and 

by how much. 

Results 

Terrestrial protection had significant effects on seagrass richness and 

abundance, while marine protection did not have an effect. Our CCA found a strong 

relationship between environmental and biological variables, and the first two 

canonical variate pairs were significant (P < 0.001 for both) (Table 2.1).  

Effect of terrestrial protection 

For the first canonical root or CC1, there was a significant negative 

relationship between biological and environmental canonical factors (r = 0.814, p < 

0.000). Sites moved from seagrass meadows with high seagrass species richness 

associated with high visibility and low sediment organic matter, and small 

watersheds, small areas of farmland, but high areas of aquaculture on the coast, to 

sites with characterized by abundant Enhalus acoroides, low visibility and high 

sediment organic matter, and large watersheds with large areas of farmland and low 

areas of aquaculture at the coast (Table 2.1, Fig. 2.2). In CC1, lower values along the 

y-axis corresponded to high Enhalus acoroides canopy height, while the greater 

values corresponded to high seagrass species richness. Lower values along the x-axis 

corresponded to a set of environmental characteristics that related to terrestrial 

protection but with high areas of aquaculture at the coast, while higher values 
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corresponded to a set of environmental characteristics related to the absence of 

terrestrial protection, such as high areas of farmland in the watershed (Fig. 2.2).  

 For the second canonical root, or CC2, there was a significant positive 

relationship between biological and environmental canonical factors (r = 0.790, p = 

0.001). Sites moved from meadows with high seagrass abundance associated with 

high proportions of medium sized sediment, low areas of human development and 

low areas of farmland on the coast, to sites with seagrass meadows with low seagrass 

percent cover, associated with high areas of human development and high areas of6 

farmland on the coast (Table 2.1, Fig. 2.3). In CC2, the lower values on the y-axis 

corresponded to high seagrass abundance (biomass, canopy height, percent cover) 

while the higher values corresponded to low seagrass abundance. Lower values along 

the x-axis corresponded to environmental characteristics such as high proportions of 

medium size class sediment and low areas of farmland and human development at the 

coast, while higher values along the x- axis correspond to environmental 

characteristics related to the absence of terrestrial protection at the coast, such as 

increased area of farmland and human development in a 50 m coastal strip adjacent to 

the seagrass bed (Fig. 2.3).  

In sum, our CCA found greater seagrass condition (greater seagrass species 

richness and abundance) was associated with smaller watersheds with reduced area 

farmland and human development. 
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Effect of marine protection  

We found no significant effect of marine protection on seagrass condition. 

Our ANCOVA tested for a difference in slopes of the relationship between the 

biological and environmental factors, as a function of the covariates (Fig. 2.2, 2.3). 

The relationship between the CC1 biological canonical factors and CC1 

environmental canonical factors did not vary as a function of the presence or absence 

of an MPA, MPA size (small, large, no MPA), nor MPA age (new, old, no MPA). 

The relationship between CC2 biological canonical factors and CC2 environmental 

canonical factors did not vary as a function of the presence or absence of an MPA, 

MPA size (small, large, no MPA), nor MPA age (new, old, no MPA). 

Discussion 

Overall results  

We examined the relative importance of terrestrial versus marine protection as 

indirect drivers of seagrass condition and found that terrestrial influences had the 

most important effect on seagrass abundance and richness, and the proximate drivers 

for these conditions were related to sediment characteristics. In contrast, marine 

protection had little impact on seagrass condition. These results support the 

conservation strategy that terrestrial protection is more important than marine 

protection for maintaining tropical seagrass abundance and species richness.   

Land-use practices such as conversion of forest to agricultural lands increased 

the risk of fine sediments carried by surface runoff, with resulting changes in benthic 
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community composition (Dadhich and Nadaoka 2012). Sediment characteristics and 

visibility were the only in situ abiotic variables that had an influence in our model. 

We found greater seagrass species richness in meadows with greater visibility and 

lower sediment organic matter (Fig. 2.2), and greater seagrass abundance in meadows 

with medium-grained sediment (Fig. 2.3). Folmer et al. (2012) modeled the effects of 

sediment characteristics on seagrass beds and found that seagrass density increases 

with decreasing grain size and increasing sediment organic matter up to a certain 

point, after which fine grain sized sediment has a negative impact on seagrass shoot 

density due to decreased pore water exchange, leading to hypoxic sediment 

conditions.  Increasing siltation and the resulting changes to sediment conditions 

leads to diminished growing conditions for tropical seagrasses (Bach et al. 1998), and 

experimental burial of nearshore marine sediments with terrestrial sediments resulted 

in anaerobic sediment conditions (Norkko et al. 2002), while increased organic matter 

in sediments resulted in lower seagrass growth rates (Mascaro et al. 2009).  

As ecosystem engineers, seagrasses provide a physical structure that enhances 

diversity (macroalgae, sponges, corals, bivalves, and other sessile invertebrates), 

provides shelter from predators, and provides important ecosystem functions (primary 

and secondary production, nutrient cycling, fish and invertebrate settlement and 

protection) (Orth and Heck 1980). However, due to their proximity to shore, seagrass 

communities are vulnerable to changes to both land and sea use (Orth et al. 2006; 

Cullen-Unsworth et al. 2014).  Human causes of seagrass loss can result from direct 

marine-based activities (e.g. dredging, marine development, fishing disturbance, 
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mooring, anchoring, and aquaculture) as well as indirect land-based activities (e.g. 

nutrient and sediment loading from terrestrial urbanization, agriculture development, 

deforestation) (Short and Wyllie-Echeverria 1996).  

With expanding human populations in the coastal zone, it is important to 

evaluate the efficacy of potential protection strategies in mitigating anthropogenic 

threats (Mora and Sale 2011). In nearshore coastal ecosystems, land-sea interactions 

are linked via watershed drainages and land use practices; land clearing for urban 

development, agriculture, and forestry have altered the composition and concentration 

of sediment, nutrients, organic carbon, contaminant, and disease fluxes from land to 

sea (Thrush et al. 2004; Tomasko et al. 2005; Crain et al. 2009). The effects of these 

alterations vary and may include decreasing light availability for photosynthesis 

(Bach et al. 1998), burial of benthic communities (Thrush et al. 2004), and changes in 

nutrient loading leading to increased eutrophication (Tewfik et al. 2007), leading to 

changes in seagrass community composition, productivity, and function (Orth et al. 

2006). As a result, it important to consider both marine and land-based strategies for 

mitigating declines in seagrass condition. 

While MPAs can protect seagrass communities against overfishing and habitat 

damage from destructive fishing practices (Short and Wyllie-Echeverria 1996), we 

found that indirect impacts of land-based human activities, not controlled by marine 

protection, were the most important in determining seagrass condition. Urbanization 

(defined as the presence of houses, commercial development and roads) was the 
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primary land use variable in determining seagrass condition, followed by land 

conversion to farmland. Short et al. (2006) similarly found that land-based human 

activities (tourist development, mangrove clearing, shoreline hardening) that altered 

sediment and nutrient fluxes to adjacent nearshore areas led to decreased seagrass 

percent cover in Placencia, Belize.   

The only significant human activity potentially mitigated via the 

establishment of MPAs in our model was aquaculture. Delgado et al. (1999) found 

that aquaculture in proximity to seagrasses resulted in excess organic matter and 

reduced seagrass growth and abundance, and this persisted after the cessation of 

aquaculture operations. In CC1, however, high areas of aquaculture at the coastal 

strip were associated with seagrass beds in good condition, defined by high seagrass 

species richness; the aquaculture we observed were artisanal fish pens made out of 

bamboo. Only 10 of our sites had ongoing aquaculture present (19% of all sites) 

comprising an average of 14% area of the watershed, with only one site having 

industrial aquaculture activities. 

In a broader sense, the size and nature of the adjacent terrestrial watershed is 

an important determinant of seagrass condition. Similar to Quiros (2016), we found 

greater seagrass abundance and richness in smaller watersheds with reduced human 

development. In contrast, we found low seagrass richness and increased Enhalus 

acoroides cover (a seagrass species known to be robust to disturbance) associated 

with large watersheds with steep hillsides and greater areas of farmland. This may 
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result from larger and steeper watersheds being more likely to both have overall 

greater runoff and thus sediment flows than smaller watersheds, compounded by the 

increased fluxes of sediment from land conversion to human development and 

agriculture (Thrush et al. 2004; Cabili and Cuevas 2011).  

For the most part, we choose to characterize sites on the meadow level. 

However, we did separate canopy height of mixed species seagrass beds into two 

groups. The first corresponded to the canopy height of Enhalus acoroides, a climax 

species that is less sensitive to siltation (Terrados et al. 1998), and the second group 

to canopy height of all the other species in the bed. This distinction is evident in CC1, 

where seagrass species richness was in the opposite direction of Enhalus acoroides 

abundance. The CC1 y- axis shows that where Enhalus acoroides canopy height was 

negatively associated with seagrass species richness, percent cover, and shoot density. 

Moreover, the CC1 x-axis shows that Enhalus acoroides canopy height was 

positively associated with large watersheds containing greater areas of farmland. 

Larger watersheds, steep watersheds and land conversion from forest to agriculture or 

land clearing likely have increased sediments entering the nearshore marine (Thrush 

et al. 2004). Enhalus acoroides, as a seagrass species more tolerant to siltation, can 

thrive in diminished physical conditions. A more fine-grained review across seagrass 

species may reveal further interspecific differences in tolerance. 

Conservation implications 

Seagrass meadows, and the ecosystem services they provide, are decreasing 

all over the world (Waycott et al. 2009). In the coral triangle, seagrass ecosystems are 
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given marginal importance in conservation and management (Unsworth et al. 2010). 

One reason for the lack of management of seagrass resources is the perception by 

local users that seagrass meadows are less vulnerable to threats by human activities 

(de la Torre-Castro and Ronnback 2004). However, in one fishing community in the 

Philippines, seagrass habitat yielded greater daily biomass caught per fisher than coral 

reef habitat, while in another community, there was no difference in daily biomass 

caught per fisher; and both communities had greater participation in seagrass fishing 

than coral reef fishing (Quiros 2016).  

Here, we demonstrate that a major impact to seagrass abundance and richness 

is human activities occurring on land, particularly human development and farmland. 

These patterns were evident across a large spatial scale (>800 km), and over many 

seagrass meadow – island pairs (n = 54). Models on the effects of land use on coral 

reef systems have suggested the importance of the adjacent watershed to coral reef 

integrity (Beger et al. 2010; Klein et al. 2010), leading to the suggestion that at times, 

terrestrial conservation may be a better investment than marine conservation (Klein et 

al. 2010). Our research provides actual data from a landscape level comparative study 

demonstrating that, for Philippine seagrass systems, terrestrial conservation is more 

important than marine protection and that the underlying mechanism may be siltation. 

This mechanism is supported by Quiros (2016) who found that seagrass meadows 

next to unprotected watersheds and coastal areas had the most sediment collected, 

lower visibility, a greater proportion of fine sediments, and the lowest seagrass 

species richness, percent cover, shoot density, and length. Furthermore, there were no 
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differences in the daily sediment catch rate, light attenuation, and proportion fine and 

silty sediment between seagrass meadows adjacent with only terrestrial protection and 

those with both terrestrial and marine protection. 

These results suggest that mitigating human activities on land adjacent to 

seagrass communities will yield significant conservation benefit, and may be a better 

use of limited conservation funding than marine protection.  Coastal land use, 

fisheries and marine protected areas are generally managed by different sectors of 

society (Crowder et al. 2006). As a result, implementing terrestrial protection as a tool 

for seagrass conservation will take increased cooperation and collaboration between 

terrestrial and marine conservation agencies and practitioners.  

Seagrasses in the Philippines provide important ecosystem services and 

functions including artisanal fisheries, storm protection, and mitigation of 

sedimentation for adjacent coral reef systems (Duarte 2000; Fortes 2013). Seagrass 

conservation however, is in its infancy, especially for threats emerging from land. 

National plans for marine and terrestrial protection are emerging, for the most part 

independent of one another.  Our research indicates we can have significant gains in 

seagrass condition by coordinating these processes.  
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Table 1 Summary of Canonical Correlation Analysis (CCA) performed on Seagrass Biological 

and Environmental / Land-use variables. Canonical coefficients showed the direction of the 

relationship between biological and environmental / land use variables; we interpreted 

coefficients greater than 0.03 and loadings > 0.4 as meaningful. Canonical loadings are for 

the two significant roots (CC1 & CC2). Canonical loadings highlighted in bold best explained 

the CCA model. 

 CC1 = 0.814, p=0.000 
Rc-squared= 0.846 

CC2 = 0.790, p=0.001 
Rc-squared= 0.830 

 Canonical 
coefficients 

of CC1 

Canonical 
loadings 
of CC1 

Canonical 
coefficients 

of CC2 

Canonical 
loadings 
of CC2 

Environmental variables     
Watershed area bare ground (km2)  0.136 0.521 0.016 -0.062 
Watershed area human 
development (km2) 

-0.790 -0.001 -0.236 0.241 

Watershed area aquaculture (km2) 0.019 0.347 0.327 0.139 
Watershed area farmland (km2) 0.309 0.376 -0.334 0.073 
50m coastal strip area bare ground 
(km2) 

0.229 0.503 0.261 -0.106 

50m coastal strip area farmland 
(km2) 

0.324 0.191 0.249 0.401 

50m coastal strip area human 
development (km2) 

0.578 0.038 0.817 0.481 

50m coastal strip area aquaculture 
(km2) 

-0.354 0.356 0.089 0.163 

Watershed area 0.542 0.589 -0.422 -0.204 
Salinity (ppt) -0.025 -0.252 0.282 0.253 
Depth (m) 0.656 -0.243 -0.015 -0.190 
Horizontal visibility (m) -0.337 -0.258 0.268 0.217 
Sediment Loss on Ignition (LOI) 0.249 0.395 0.024 -0.040 
Proportion terrestrial material  0.126 0.156 0.264 0.195 
Medium size class sediment per kg -0.291 -0.180 -0.569 -0.506 
Fine size class sediment per kg -0.171 0.060 0.018 -0.004 
     
Biological variables     
Seagrass species richness 0.676 0.893 0.660 0.108 
Total seagrass biomass (g) 0.160 0.042 -0.097 -0.495 
Canopy height Enhalus acoroides 
(m) 

-0.477 -0.715 -0.369 -0.113 

Canopy height all other species -0.023 -0.025 -0.311 -0.352 

Total seagrass % cover (m2) 0.090 0.755 -1.195 -0.609 
Total seagrass density (m2) -0.028 0.736 0.060 0.038 
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Fig. 2.1. 54 seagrass beds in 10 regions in the Philippines; 24 seagrass beds (44% of sites) were inside MPAs: 1) Bolinao – 

5 seagrass beds, 2) Hundred islands – 7 seagrass beds, 3) Calatagan – 4 seagrass beds, 4) Puerto Galera – 11 seagrass beds, 

5) Coron – 9 seagrass beds, 6) Bulata – 6 seagrass beds, 7) Bais – 3 seagrass beds, 8) Cebu – 4 seagrass beds, 9) Sagay – 3 

seagrass beds, 10) Balesin – 2 seagrass beds 
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Fig. 2.2. CC1 environmental versus CC1 biological variables. Arrows dictate the direction of the relationship. Variables 

with canonical loadings > 0.4 and canonical coefficients > 0.3 were included in this graph. 
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Fig. 2.3. CC2 environmental versus CC2 biological variables. Arrows dictate the direction of the relationship. Variables 

with canonical loadings > 0.4 and canonical coefficients > 0.3 were included in this graph. 
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The Mechanism. Relative benefits of marine vs. terrestrial protection on 

abiotic & biotic indicators in seagrass meadows  

Abstract 

Integrating terrestrial with marine protection can improve coastal conservation 

efficiency. We examine relative impacts of marine and terrestrial protection on 

seagrass condition and suggest management options for tropical seagrass 

conservation. On three islands in the Philippines, one with terrestrial protection only 

(TP), one with terrestrial and marine protection (TMP), and one with no protection 

(NP), we measured abiotic (sedimentation, sediment grain size, relative light 

availability with HOBO light loggers) and biotic seagrass condition (seagrass 

abundance and diversity) during the rainy season. The NP site had the most sediment 

collected, lower visibility, a greater proportion of fine sediments, and the lowest 

seagrass species richness, percent cover, shoot density, and length. Non-metric Multi-

Dimensional Scaling plots show separation between the seagrass community in the 

NP site from the other two sites, but no separation between the TP and TMP sites. 

There were no differences in the daily sediment catch rate, light attenuation, and 

proportion fine and silty sediment between the TP and TMP sites. SIMPER analysis 

show Syringodium isoetifolium percent cover characterized either site that had 

terrestrial protection. These data suggest that coastal terrestrial protection is more 

important than marine protection for tropical seagrass health.  
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Introduction 

 The coastal zone has some of the most valued ecosystems in the world 

(Costanza et al. 1997). It is the center of global human activity with 60% of the 

world’s population living along the coast (Waycott et al. 2009), but it is threatened by 

human activities from both land and sea (Crain et al. 2009). This ecotone is an 

intersection of terrestrial and near shore marine ecosystems that cover a wide array of 

spatial scales; it is high in organismal diversity and density, as well as a site for cross-

ecosystem exchange of materials such as organic matter, nutrients, and sediment 

(Sheaves 2009). Biodiversity loss and habitat degradation, driven largely by 

anthropogenic factors (Brook, Sodhi & Bradshaw 2008) leads to changes in the 

integrity of coastal ecosystems and the services they provide (Duarte 2000). Increased 

human populations at the coast will likely exacerbate the degradation of coastal 

habitats, creating an acute need for effective solutions to mitigate human impacts 

(Millenium Ecosystem Assessment 2005).   

Increasingly, marine protected areas (MPAs) are being established as a means 

to mitigate human impacts in the ocean. However, MPAs are limited in their efficacy 

in protecting against terrestrial impacts such as land-based development and pollution 

(Boersma and Parrish 1999). Fluxes between marine and terrestrial systems have 

largely been ignored when establishing both terrestrial and marine reserves (Stoms et 

al. 2005), and there has been little work identifying the ecological, social, and 

economic links between these adjacent ecosystems (Cicin-Sain and Belfiore 2005). In 
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places where land-based activities strongly impact marine ecosystems, MPAs alone 

may be insufficient to protect marine ecosystems (Boersma and Parrish 1999, Klein et 

al. 2010). Consequently, there is increasing interest in integrated coastal management 

principles that attempt to incorporate connectivity between terrestrial and marine 

systems (Cicin-Sain and Belfiore 2005, Gordon 2007, Alvarez-Romero et al. 2011, 

Klein et al. 2012).  

Seagrasses are shallow-water coastal marine plants that provide important 

ecosystem services such as carbon sequestration (Fourqurean et al. 2012), wave 

attenuation (Bradley and Houser 2009), and habitat and nursery area to a variety of 

commercially important fish and invertebrates (Hughes et al. 2009). Seagrasses are 

often used to assess the health of the nearshore marine environment (Martinez-Crego 

et al. 2008) with studies showing that siltation from suspended inorganic solids (Bach 

et al. 1998) and upstream watersheds (Freeman et al. 2008), sediment burial (Duarte 

et al. 1997), water pollution and sediment deposition (Van Katwijk et al. 2011) all 

impact seagrass condition. Seagrass species population declines are due both directly 

or indirectly to anthropogenic impacts (Waycott et al. 2009; Short et al. 2011), and 

there is a call to reduce watershed nutrient and sediment inputs to seagrasses to stem 

seagrass loss (Orth et al. 2006). In a landscape-scale study comparing 54 study sites 

over 800 km in the Philippine archipelago, Quiros (2016) showed seagrass abundance 

and seagrass species diversity were associated with terrestrial protection (defined as 

low areas of farmland and human development), while marine protected areas offered 

little additive benefit.  
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It is important to examine how differences in water quality of the nearshore 

marine environment result in different community wide responses (Wazniak et al. 

2007). This detailed three-site comparative study examines one mechanism 

underlying the response of seagrass communities to terrestrial vs. marine protection. 

Our goal is (1) see if the patterns shown by Quiros (2016) are replicated on a smaller 

scale to document how (2) abiotic metrics (sedimentation rates, in-situ sediment, light 

attenuation, and relative light availability) and (3) seagrass biotic indicators (seagrass 

abundance and seagrass species diversity) vary relative to terrestrial vs. marine 

protection. We hypothesize (1) that marine protection would offer no added benefit to 

seagrass condition, (2) that in the site without terrestrial protection, there would be 

lower abundance and diversity of seagrasses, and (3) these biotic patterns (seagrass 

species diversity and abundance, presence of seagrass indicator species) may be 

explained by the abiotic differences (greater sedimentation rates, reduced light 

availability, and greater proportion of terrestrially-derived sediments).  

Methods 

Site description  

           The Philippines have approximately 7,100 islands ranging in size from over 

100,000 km2 to less than a square kilometer, most of which are within close proximity 

to adjacent islands (<1 km to 50 km apart). Coastal ecosystems are susceptible to the 

impacts of human population growth and development occurring on or adjacent to the 

island (McDonald et al. 2008). The Philippines has high seagrass species richness, 
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including 18 of 24 described Indo-Pacific species (Fortes 2013). Unfortunately, the 

Philippines leads the world in regional forest loss; with a loss rate four times greater 

than the rest of Southeast Asia (Brooks et al. 2002; Achard et al. 2002), and only 20% 

of aboriginal forestland in the Philippines remains intact (Lasco & Pulhin 2006). 

The study sites are located on three islands in the province of Negros 

Occidental; fishing in coral reefs and seagrass meadows occurs around two of these 

islands: (1) Negros Island, which is 13,328 km2 in land area  [N 9 51.503,E 122 

23.973], (2) Agutaya Island, which is 0.08 km2 in land area, and 1.63 km offshore 

from Negros island [N 9 51.714, E 122 23.203] and Danjugan Island, which is 0.62 

km2 in land area, and 2.58 km offshore from Negros Island [N 9 52.232, E 122 

22.570 and N 9 52.265, E 122 22.760] (Fig. 1). Negros province has a history of 

lowland forest deforestation and land conversion to agriculture, particularly rice 

paddies and sugarcane from the turn of the 19th century to the present (Olano 2002).  

We conducted our study during the rainy season (October 14-17, 2013) on 

sites with different combinations of terrestrial and marine protection and watershed 

size: 1) Bulata, the “No Protection” site (NP) on Negros Island had neither terrestrial 

nor marine protection, and was adjacent to the fishing and farming village of Bulata. 

A watershed of 0.8 km2 with approximately 37% human development drained into 

Bulata’s seagrass meadow. 2) Agutaya, the “Terrestrial Protected only” site (TP) was 

off Agutaya Island, a privately-owned island with secondary growth forest, and no 

marine protection - fishers from Bulata include Agutaya within their fishing grounds. 
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A watershed of 0.05 km2 with <1% human development drained into Agutaya’s 

seagrass meadow. 3) Danjugan, the “Terrestrial and Marine Protection” site (TMP) 

off Danjugan Island, the terrestrial reserve island covered in native forest, is a 

designated marine protection area with multiple use zones, including no-take zones 

(Beger et al. 2004). A watershed of 0.1 km2 with <1% human development drains 

into Danjugan’s eastern seagrass meadow (Fig. 3.1).   

Abiotic measurements 

Sediments  

Sediment traps have been used to monitor impacts of run off from land-use 

practices in coastal watersheds on coral reefs and seagrasses; they measure 

sedimentation rates, the relative magnitude of sediment deposition across sites, and 

qualitatively characterize the origin of settling sediments (Gacia et al. 1999, Storlazzi 

et al. 2011, Dadhich and Nadaoka 2012). We used 5-cm-diameter-by-50-cm long 

PVC pipes with a bottom end cap. In situ, the mouth of each trap stood 45 cm above 

the substrate, with the collecting end covered with 0.5 cm wire mesh to prevent fish 

and invertebrates from entering. We secured each sediment trap to the seagrass 

meadow with two fire bricks and pushed the trap approximately 10 cm into the 

substrate (Fig. 3.2). A total of 6 replicate traps were randomly distributed in each 

seagrass meadow, separated at least 3 meters apart, at the same depth for the 4-day 

deployment period. We calculated the particle-trapping rate, P = mass of particles 

trapped per unit area per unit time; P = M L-2 T-1, where L = trap height of 50 cm and 
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T = 1 day, and used this value to compare differences across sites (Storlazzi et al. 

2011).  

At the end of the deployment period, we covered the sediment trap mouth 

with a fine mesh cloth and poured the water out of the trap. Sediment collected in the 

trap and on the cloth was washed into 1.5 liter cylindrical jars (1 jar per trap) and left 

to settle for 12 hours. We decanted the water out of the jars and poured the remaining 

sediment / water mixture into 50 mL bottles for transport (1 bottle per trap). At the 

University of California Santa Cruz Marine Analytical Lab, we placed each trap’s 

sediment / water mixture into pre-weighed centrifuge tubes and centrifuged them at 

3000 revolutions per minute for 3 minutes. The remaining water was decanted and the 

sediment in the centrifuge tube dried for 24 hours in a drying oven at 50 degrees 

Celsius. We weighed the dried sediment and centrifuge tube and calculated average 

daily trap collection rate by dividing the total mass of sediment by the duration of the 

collection period. 

We used a 5-cm-diameter sediment core to collect sediment samples from 

Bulata (n = 5), Agutaya (n = 6) and Danjugan (n = 5) from the surface to a depth of 

10-15 cm. Cores were oven-dried for 24 hours at 50 degrees C. We subsampled 50 

grams of sediment from each core and dry sieved the subsample with a mechanical 

shaker for 15 minutes to separate across seven grain size classes: fine gravel > 2 mm, 

very coarse sand = 1-2 mm, coarse sand = 0.5-1 mm, medium sand = 0.25-0.5 mm, 

fine sand = 125-250 µm, very fine sand = 62.5-125 µm, silt = <62.4 µm. We 
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calculated the proportion of each size class from the total 50 grams sample weight, 

and used the proportions in each sediment size class to test for differences across 

sites. 

Light 

We used electronic light loggers (HOBO light pendant, Onset Corporation) to 

measure relative light availability at each site (Pedersen et al. 2012; Freeman et al. 

2008, Short et al. 2006). During deployment, we took daily measurements of light 

attenuation as horizontal turbidity using a Secchi disk at high noon. Two loggers were 

secured on two sediment traps at each site, for a total of 4 loggers per site over the 4-

day deployment period. To ensure each logger remained parallel to the water surface, 

we attached the logger to the PVC pipe using an L-bracket. To measure light 

availability at the surface, we deployed one logger on the mainland island of Negros, 

in an open area within 2-3 km of our study site, facing 180 degrees to the sun.  

  Light data were downloaded using HOBOWare Version 3.6.2. We calculated 

relative light availability every 30 seconds as percent surface intensity (% SI) = 

underwater light intensity / surface light intensity. We calculated the median light 

intensity of each logger between 9 am - 11 am local time, and when water depth was 

> 1 meter (high tide) between October 15 - 17, 2013. 

Biotic measurements 
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We surveyed the seagrass meadows next to each island. Our sampling units 

were ten, 0.25 m quadrats, randomly placed along a 50-meter line transect line that 

ran parallel to shore. We used Seagrass Net protocol (http://www.SeagrassNet.org) to 

estimate percent cover of seagrass and other substrate types, measured seagrass blade 

length and shoot density for each individual seagrass species, and seagrass meadow 

canopy height. 

The presence or absence of different seagrass species may be used as an 

indicator of the quality of the seagrass habitat (Terrados et al. 1998). We restricted 

our analyses (percent cover, shoot density, blade length) on three focal seagrass 

species: 1) Enhalus acoroides, a climax species, least sensitive to sedimentation, 2) 

Halodule uninervis, a colonizing species, and 3) Syringodium isoetifolium, the most 

sensitive to sedimentation (Terrados et al. 1998). We hypothesized that sedimentation 

sensitive Syringodium isoetifolium would have greater abundance in Agutaya and 

Danjugan, the TP and TMP sites, and that colonizing Halodule uninervis and Enhalus 

acoroides the species least sensitive to sedimentation, would have greater abundance 

in Bulata, the NP site. 

Statistical analysis 

We used JMP Pro Version 12 to conduct one-way analysis of variance 

(ANOVA) (alpha = 0.05) to test for significant differences across sites for seagrass 

meadow properties, the focal seagrass species, sediment characteristics, and 

differences in light attenuation, as measured by horizontal secchi disk measurements. 

http://www.seagrassnet.org/
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To look at differences across sites in relative light availability, as measured by 

percent surface intensity, we conducted a linear mixed effects model with each light 

logger as a replicate, site as a fixed categorical effect (Bulata, Agutaya, Danjugan), 

and deployment day as random effect. We used Tukey HSD for all post hoc analyses.  

To compare ecological communities across sites, we used PRIMER Version 6 

software (Clarke & Warwick 2001) and fourth root transformed the biotic data to 

create a Bray-Curtis resemblance matrix of multivariate seagrass species abundance 

(percent cover), and created a Non-metric Multi-Dimensional Scaling plot (MDS) 

from the resulting matrix. In the MDS plots, we accepted stress values < 0.1 as 

adequate representations of the multivariate data set (Clarke & Warwick 2001). On 

the fourth root transformed seagrass abundance resemblance matrix, we performed a 

one-way ANOSIM to test for differences among the seagrass communities in the 

three sites, and used a similarity percentage breakdown by species (SIMPER) analysis 

to assess the percentage of similarity among sites and examine contributions of the 

individual species to dissimilarities between sites (Anderson et al. 2008). 

Results 

Abiotic Comparisons 

There was greater daily sediment deposition in Bulata (X = 3.00 mg-1 cm-1 

day-1, SD = 0.42) vs. Agutaya (X = 0.95 mg-1 cm-1 day-1, SD = 0.10) and Danjugan 

(X = 1.23 mg/cm/day, SD = 0.37), which were not different. This was due in part to 

higher proportions of very fine sand, fine sand and silt (+3.0 Phi, < 250 µm) (F(2,51) = 
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9.57, P < 0.0003) in Bulata, vs. Agutaya and Danjugan, which were not different (Fig. 

3.3).   

While we found no differences across sites in relative light availability or 

percent surface intensity, as measured by the HOBO light loggers (F(2,29) = 0.45, p = 

0.64) and variability due to day as a random effect was low (SE = 0.00058), we found 

differences in light attenuation or visibility measured by a horizontal Secchi disk 

(F(2,15) = 18.90, P < 0.0001). Light attenuation was lowest in Bulata, and Tukey post-

hoc comparisons found no difference in light attenutation between Agutaya and 

Danjugan (p = 0.86) (Fig. 3.3). 

 There were no differences in depth (F(2,14) = 2.03, p = 0.17) and temperature 

(F(2,14) = 1.18, p = 0.34), but there were differences in salinity (F(2,14) = 9.63, p < 0.00) 

among sites, with lowest salinity in Bulata and no difference in salinity between 

Agutaya and Danjugan (p = 0.58) (Table 3.1).  

Biotic Comparisons 

At the meadow level, we found significant differences in seagrass species 

richness (F(2,28) = 14.20, P < 0.0001), Shannon-Wiener diversity (F(2,22) = 17.34, P < 

0.0001), seagrass percent cover (F(2,28) = 71.72, P < 0.0001), and canopy height (F(2,27) 

= 17.44, P < 0.0001) among sites. In all Tukey-post hoc tests, Bulata had significantly 

lower values of seagrass species richness, Shannon-Wiener diversity, and seagrass 

percent cover than Agutaya and Danjugan, which were not different (Fig. 3.4).  
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 Ground cover in Bulata was dominated by sand and rubble and three seagrass 

species that were less sensitive to siltation: Enhalus acoroides, a climax species, and 

Halodule uninervis and Halophila ovalis, two pioneer species. Agutaya and Danjugan 

were dominated by Thalassia hemprichii and Syringodium isoetifolium, two species 

sensitive to siltation, and had up to six different seagrass species (Terrados et al, 

1998) (Fig. 3.5). The response of various seagrass species to silation was not uniform. 

We found no differences across sites in shoot density and blade length of Enhalus 

acoroides (Fig. 3.3). Enhalus acoroides is a climax species, and relatively resistant to 

siltation. In contrast, Syringodium isoetifolium, which is highly sensitive to siltation, 

was absent from the area lacking terrestrial protection, but prominent in areas with 

terrestrial protection (Fig. 3.5).  

 We found no differences in Enhalus acoroides (F(2,27) = 0.46, P  =0.64) and 

Halodule uninervis shoot density (F(2,20) = 2.57, P = 0.10) among sites. However, 

there were significant differences in blade length for Enhalus acoroides (F(2,27) = 

15.42, P < 0.0001) and Halodule uninervis (F(2,20) = 11.49, P < 0.0001) among sites. 

For both species, Tukey-post hoc tests found there was lower blade length in Bulata 

compared to Agutaya and Danjugan, which were not different (P < 0.0001) (Fig. 3.4).   

Syringodium isoetifolium was absent from Bulata, but was the third (out of 

six) most abundant seagrass species found in both the Agutaya and Danjugan, after 

Enhalus acoroides and Thalassia hemprichii (Fig. 3.5). Independent-samples t-tests 

found no significant differences in percent cover t (17) = 0.21, p = 0.83, length t (17) 
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= -1.38, p = 0.19, and shoot density t (17) = -0.05), p = 0.96 of Syringodium 

isoetifolium between Agutaya and Danjugan.   

Using ANOSIM, we found significant differences between sites in terms of 

seagrass species abundance (by percent cover) (p = 0.001; Global R = 0.543). An 

MDS plot of fourth root transformed biotic data from a Bray-Curtis resemblance 

matrix of seagrass abundance (by percent cover) showed separation of the Bulata 

seagrass community from Agutaya and Danjugan (2D stress = 0.11) (Fig. 3.6). 

SIMPER analysis, which compares only two sites at a time, showed Syringodium 

isoetifolium percent cover contributed most to the dissimilarities between Bulata and 

both Agutaya and Danjugan (Table 3.2). 

Discussion 

Overall pattern 

Effective coastal conservation requires an understanding of the interaction 

between human activities on land and the condition of adjacent marine communities. 

In a large landscape scale study spanning over 500 km, Quiros (2016) found that 

coastal terrestrial protection, defined by the absence of coastal human development 

and farmland was associated with greater seagrass richness and abundance, while the 

presence of marine protection had little added benefit. Our more detailed three site 

study found similar patterns.   
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Abiotic parameters 

Sedimentation from anthropogenic sources has long been recognized as a 

major threat to the nearshore marine environment (Gordon 2007). Seagrasses are 

sensitive to sedimentation because they rely on water quality and clarity to sustain 

productivity (Short and Wyllie-Echeverria 1996, Orth et al. 2006). The amount of 

terrestrial sediment reaching seagrass meadows is affected by land-use practices 

including overgrazing, coastal development and urbanization (Freeman et al. 2008; 

Dadhich and Nadaoka 2011), housing developments (Short and Burdick 1996), 

industrial developments (Cambridge and McComb 1984), aquaculture (Delgado et al. 

1999), and deforestation (Terrados et al. 1998). Fluxes from terrestrial systems may 

accumulate in mangroves, salt marshes, seagrasses and coral reefs (Adame et al. 

2012), and since seagrasses often grow in lagoons with long residence times for 

sediment, they are affected by land use change and urbanization from catchments 

(Condie et al. 2012). However, when fluxes of sediments are reduced, seagrass 

systems may recover (Campbell and McKenzie 2004). 

Terrestrially-linked siltation can occur due to deforestation of adjacent 

watersheds, urbanization, and aquaculture, leading to nearshore sediment plumes and 

reduction in seagrass percent cover and diversity, regardless of marine protection 

status (Freeman et al. 2008). Sediment collected in traps is a result of both primary 

deposition (sediment transported to the site) and sediment resuspension (of particles 

previously deposited in each site), and in temperate seagrass beds, most sediment 
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deposition is from settling of resuspended materials (Gacia et al. 1999). We found a 

higher proportion of fine and silty sediment in Bulata, the NP site, which will be 

easier resuspended and collected in the sediment traps. Sediment resuspension was 

greatest at lower canopy heights in a Posidonia oceanica meadow because of the 

seagrass meadow’s role in modulating the turbulence at the bottom which is the cause 

of sediment resuspension (Gacia et al. 1999). These results partially explain the 

increased sediment capture in the traps in Bulata, the NP site with the lowest canopy 

height (Fig. 3.3, Fig. 3.4).  

Watershed size was a key variable that affected the amount of sediment that 

reached the seagrass bed in Bulata, the NP site. We found greater sedimentation rates 

and finer sediment grain size in Bulata, the NP site, which also had a watershed size 

8-16 times greater than the sites with terrestrial protection (Fig. 3.3). Greater 

watershed size has likely greater run-off of sediments, including fine-grained 

sediment from the mainland where many forests have been replaced with rice fields, 

in the absence coordinated terrestrial development policies (Bruland 2008). With 

increased sedimentation, including fine-grained silty-clay particles, filter feeding 

epiphytes may be smothered and seagrass growth reduced due to decreased light 

availability from particles in the water column that settle on the photosynthetic 

surfaces (Gonzalez-Correa et al. 2009). Conversion of forest and shrubland to 

agriculture or barren land increased surface runoff, which changes the abundances of 

algae, seagrasses and corals due to increased sediment and nutrients (Dadhich and 
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Nadaoka 2012); this runoff is exacerbated by rainy season storms (Carlson et al. 

2010).  

Freeman et al (2008) found a decrease in percent surface light intensity 

attributed to sedimentation from deforestation in adjoining watersheds, which resulted 

in seagrass loss after three years at reduced light intensities. While we did not find 

lower percent surface light intensity in Bulata, the NP site compared to the TP and 

TMP sites, we found lower visibility or increased light attenuation in Bulata versus 

the other sites, with our rough measure of visibility using horizontal Secchi disk 

measurements (Fig. 3.3). While our light measurements are similar to the lower 

percent surface light intensities in Freeman et al.’s (2008) study, our data was 

collected in a single time shot, and gives us cause for concern for the health of 

seagrass meadows a few years into the future. Given the current light regime in the 

three meadows, management efforts to minimize siltation and improve light regime 

may be a cost effective path for seagrass recovery.   

Biotic parameters 

Differential responses across species led to important differences in seagrass 

community structure between protection scenarios, largely driven by differences in 

the presence and density of species sensitive to siltation. Land-use practices such as 

conversion of forest to agricultural lands increased the risk of fine sediments carried 

by surface runoff, with resulting changes in benthic community composition 

(Dadhich and Nadaoka 2012). Low rates of sedimentation were associated with 
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higher seagrass net primary productivity in other tropical seagrass beds (Cabili and 

Cuevas 2011). In our study, seagrass meadows adjacent to a terrestrial protected area 

(Agutaya, Danjugan) had greater species richness, diversity, percent cover, and 

canopy height than seagrass meadows adjacent to an area without terrestrial 

protection (Bulata) (Fig. 3.4). The addition of marine protection did not significantly 

improve seagrass diversity and abundance. This data supports the hypothesis that 

abiotic factors originating from terrestrial activities (e.g, siltation) are important 

drivers of seagrass dynamics. 

Ecological implications 

Managing coastal lands is an important part of protecting seagrass meadows. 

In a variety of seagrass health and environmental parameters, terrestrial protection 

appeared to be important in enhancing seagrass cover and species diversity. On the 

other hand, marine protection apparently afforded little benefit to seagrass meadow 

health. One lesson learned in the Danjugan Island protected area has been the 

minimal effect of land-based development and small community population size 

(Beger et al. 2004). While marine protection is important for seagrasses fisheries, 

seagrass’s nursery-role for juvenile fish and invertebrates, and to the diversity of non-

seagrass species (Waycott et al. 2009), our results indicate that it may be more cost-

effective to focus limited conservation funding on establishing robust coastal 

terrestrial protected areas as a tool to mitigate human impacts on this sensitive but 

globally important coastal resource. Through local efforts to mitigate coastal human 
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development, tropical seagrass meadows may maintain their abundance and species 

diversity.  
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Table 3. 1. Abiotic variables measured at each site on each deployment day. Values 

for depth, temperature, salinity are means (± SD). 

Site Bulata (NP) Agutaya (TP) Danjugan (TMP) 

Depth (m) 0.98 ± 0.19 0.97 ± 0.19 0.67 ± 0.08 

Temperature (°C) 29.6 ± 0.89 30.2 ± 0.75  30.3 ± 0.82 
Salinity (ppt) 31.8 ± 0.45 33.5 ± 0.84 34.0 ± 1.10 
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Table 3.2. Similarity of percentages (SIMPER) analysis on seagrass percent cover. 

Table shows the seagrass species, ranked in order of importance that contributed to 

the average dissimilarities between pairs of beds. Columns 4 and 5 are the individual 

and cumulative contributions to the average dissimilarity. 

Species Average  abundance Contributio
n  

to dissimilarity 

 Bulata (NP) Agutaya (TP) individual cumulative 

Syringodium isoetifolium 0.00 2.10 43.17 43.17 

Thalassia hemprichii 1.66 2.38 17.00 60.17 

Halophila ovalis  0.00 0.63 12.25 72.42 

Enhalus acoroides 1.61 1.50 11.12 83.55 

Halodule uninervis 0.98 1.21 9.35 92.89 

Average % dissimilarity    39.62 

Species Average  abundance Contributio
n  

to dissimilarity 

 Bulata (NP) Danjugan (TMP) individual cumulative 

Syringodium isoetifolium 0.00 1.85 35.33 35.33 

Thalassia hemprichii  1.66 2.49 19.74 55.07 

Cymodocea rotundata 0.00 0.91 16.70 71.77 

Halodule uninervis 0.98 0.40 15.29 87.07 

Enhalus acoroides 1.61 1.74 6.67 93.73 

Average % dissimilarity    42.62 

Species Average  abundance Contributio
n  

to dissimilarity 

 Agutaya (TP) Danjugan (TMP) individual cumulative 

Halodule uninervis 1.21 0.40 22.69 22.69 

Cymodocea rotundata 0.35 0.91 21.96 44.65 
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Halophila ovalis 0.63 0.37 16.95 61.60 

Enhalus acoroides 1.50 1.74 15.81 77.41 

Syringodium isoetifolium 2.10 1.85 14.23 91.64 

Average % dissimilarity    24.04 
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Fig. 3.1. Location of study sites: Bulata (NP) on Negros Island, Agutaya Island (TP) 

and Danjugan Island (TMP).  
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Fig. 3.2. Photograph of sediment trap in situ.   
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Fig. 3.3. Abiotic comparisons of Bulata (NP), Agutaya (TP) and Danjugan (TMP). 

Bars = means + SE. Different letters indicate significant differences (p < 0.05) using 

Tukey post-hoc comparisons.  
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Fig. 3.4. Biotic comparisons of Bulata (NP), Agutaya (TP) and Danjugan (TMP). 

Bars = means + SE. Different letters indicate significant differences (p < 0.05) using 

Tukey post-hoc comparisons. 
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Fig. 3.5. Mean percent cover in Bulata (NP), Agutaya (TP) and Danjugan (TMP) for 

observed seagrass species and sand/rubble. Species with * are more sensitive to 

siltation. Pioneer species: Halodule uninervis, Cymodocea rotundata, Halophila 

ovalis, Climax species: Enhalus acoroides, Thalassia hemprichii. 
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Fig. 3.6. MDS plot of fourth root transformed ecological data from a Bray-Curtis 

resemblance matrix of seagrass percent cover by species, using 0.25 m2 quadrats (n = 

10) as independent samples for each site. 2D stress = 0.11. 
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The Benefits. Small scale seagrass fisheries and social vulnerability in the 

Philippines 

Abstract 

Seagrass fisheries provide an important source of food and employment for 

low-income communities in the tropics. To effectively manage these small-scale 

fisheries, which are critical for the food security of coastal developing nations, we need 

knowledge of a fishery’s biological and socio-economic conditions. Data required are 

harvesting locations, catches, exploited habitats, and their human context. We used 

data from household surveys, in-depth fisher interviews, underwater surveys, and 

fisheries landing surveys to characterize two communities (Gulod, Calatagan and 

Buagsong, Cebu) in the Philippines. Meadows in the two fishing grounds had similar 

seagrass species composition and abundance. Seagrass beds were exploited using a 

suite of six fishing techniques, including the two most common, collecting 

invertebrates and fish in the intertidal or gleaning (day and night), and gillnetting 

using boats. Families captured included Muraenidae, Holothuroidea, Trochidae, 

Turbinidae, Strombidae, Siganidae, Portunidae, Penaeidae, Gobiidae, and 

Lethrinidae. Using a place-based model of vulnerability, we compare the two 

seagrass fishing communities using natural capital, socioeconomic, and demographic 

indicators. In Gulod, communities diversified their seagrass catch and income 

sources, reducing their inherent social vulnerability. Buagsong is a lower income 

class municipality, located three times closer to an urban center, with a lower quality 

of life indicator than Gulod, and with less diversified catch and income sources. 
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Salaried income was more important to households in Buagsong, while fishing was 

more important to households in Gulod. Gleaning was the primary occupation of 

many fishers, and the main secondary source of income for households with salaried 

incomes, and had a greater proportion of participation by women and children. 

Gleaning was more important in Buagsong because half of Buagsong fishers 

considered gleaning their primary gear type. Seagrass fisheries in both locations were 

more important for food and income than from coral reefs in those two communities.  
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Introduction 

Global food security is increasingly important for our growing human 

population (Godfray et al. 2010), and people’s access to adequate protein and 

essential micronutrients is diminishing (FAO 2009). Fisheries provide an important 

source of protein for the world’s populations, and demands on these fisheries are 

predicted to increase 44% by 2030 (Delgado et al. 2003). However, most fisheries are 

declining (Gomez et al. 2006, Jackson et al. 2001, Worm et al. 2009). Of particular 

concern is the decline of small-scale fisheries because they are critical for the food 

security of coastal developing nations (FAO and WorldFish Center 2009), and 

provide important poverty-reduction, employment, essential food, and key protein 

sources in developing countries (Bene et al. 2007). 

Small-scale fisheries, which are commercial fisheries that have limited 

technology and economic security, are distributed sparsely and unevenly across 

coastlines. Small-scale fishers are at least partially self-employed, often have short-

term economic outlooks, harvest multi-species and ‘non-target’ catches, and use 

diverse fishing gears in an open-access setting (de la Torre-Castro et al. 2014, 

McClanahan et al. 2009). Globally, 200 million people are engaged in small-scale 

fisheries, with 90% of small-scale fishers in the developing world (Allison and Ellis 

2001; Berkes et al. 2001, FAO 2002, FAO 2014).  

Small-scale fisheries are embedded within complex social-ecological systems, 

and their effective management requires understanding of harvesting locations, 

catches, and exploited habitat types, as well as the socioeconomic conditions of 
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fishers (Hughes et al. 2005, de la Torre-Castro et al. 2014). Yet, for most small-scale 

fisheries there is limited data on fishing activities, landings, effort, and fishing 

grounds (Berkes et al. 2001). While reliable data for small-scale fisheries would result 

in better management decisions, these fisheries often operate in remote locations 

across multiple landing sites, particularly in partial subsistence-based fisheries where 

fishers consume or barter at least part of their catch (Moreno-Baez et al. 2010). 

Small-scale fishery studies have contributed valuable information to improve 

fisheries management in developing countries; both the condition of coral reef 

fisheries, and their importance to the social and economic welfare of people have 

been examined (Cinner and McClanahan 2006, McClanahan et al. 2009, Cinner et al. 

2009). Similar work on social-ecological systems in mangroves has improved 

understanding of the relationship between fisher practice and resource use (Beitl 

2015, Quimby 2015). In the tropics, small-scale seagrass fisheries provide an 

important source of food and income generation for low-income communities 

(Unsworth et al. 2010, Norland et al. 2010, Cullen-Unsworth et al. 2014, de la Torre-

Castro et al. 2014, Unsworth et al. 2014).  

In linked social-ecological systems, it is important to examine the relationship 

between social vulnerability and resource use (Hughes et al. 2005), particularly as it 

relates to efforts for biodiversity conservation (Gaines et al. 2010). Poverty is often 

accompanied by resource degradation (Cinner and Aswani 2007, McClanahan et al. 

2008), and puts constraints on management targeted at resource conservation (Adams 
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et al. 2004).  Often, the sustainability of artisanal and subsistence fisheries is related 

to socioeconomic factors (Cinner and McClanahan 2006). Good indicators of social 

and economic development include the abilities of small-scale fisheries to cope with 

crisis, access to markets and credit, government and transport services, physical 

security, diversity of income, healthcare and nutrition (Khattabi and Jobbins 2011).  

Small-scale fisheries lie within a social and economic context important to 

determining poverty in fishing-dependent communities (Bene, Macfadyen, Allison 

2007). Due to the growing emphasis on ecosystem based management of fisheries, 

researchers have evaluated fishing communities’ response to change using the place-

based concept of vulnerability, or a community’s ability to create or negate their 

potential and susceptibility to harm, and differential access to resources (Cutter et al. 

2008, Jepson and Colburn 2013). Previous work focused on demographic and socio-

economic factors to look at a community’s resilience to natural disasters (Adger et al. 

2005, Cutter et al. 2008) or community responses to changes in fishing practices or 

regulations (Clay and Olson 2008, Jepson and Colburn 2013). Here we characterize 

two seagrass fisheries in the Philippines, compare them to better studied coral reef 

fisheries, and evaluate their relative importance through the lens of social 

vulnerability using natural capital, demographic and socio-economic indicators.  

Methods 

We compare the two sites using a place-based model of vulnerability which 

includes: (1) natural capital indicators, like dependence on fisheries resources and the 
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quality of habitat using data from fishery landing surveys and underwater surveys, (2) 

socioeconomic indicators such as employment sources using data from household 

surveys and in-depth fisher interviews and (3) demographic indicators such as gender 

using data from household surveys and in-depth fisher interviews (Cutter 1996, Cutter 

et al. 2008). We triangulated information by asking similar questions across methods 

(Cinner and McClanahan 2006). For example, we gathered data on the importance of 

seagrass fisheries to individual fishers and individual households, and ascertained 

who in the communities benefited from seagrass fisheries from both in-depth fisher 

interviews and household surveys. We also compared catch in seagrass versus coral 

reef habitats using data from landing surveys and catch reported from in-depth fisher 

interviews.   

The Philippines is one of the top ten capture-fishing nations (FAO 2010), with 

over 1.3 million Filipinos engaged in small-scale fisheries (http://ph.oceana.org/). 

Seagrass ecosystems supply important revenue for daily income and other ecosystem 

services for Filipinos throughout the archipelago (Campos et al. 1994, Fortes 2012). 

We characterized small-scale seagrass fisheries in two locations in the Philippines: 

Buagsong, Cebu, and Gulod, Calatagan. These communities, known locally as 

barangays, contain human populations of 2,994 and 3,350, respectively. Buagsong is 

a coastal community 20 km away from the major metropolitan city of Cebu, which 

has a population of 3.8 million, while Gulod is 70 km away from the city of Batangas, 

which has a population of 2.3 million people (http://www.psa.gov.ph). 
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Natural Capital Indicators: Underwater Surveys  

We surveyed three seagrass meadows each in the municipal waters of 

Buagsong and Gulod in July and August 2012. In Buagsong, fish and seagrass 

meadows were surveyed in Day-as reserve in Gapas-Gapas Island, Alegria Marine 

Protected Area, and Camolinas, an unprotected seagrass bed (N 10.25838, E 

123.91478; N 10.24502, E 123.96031; N 10.24837, E 123.95434). In Gulod, fish and 

seagrass were surveyed in Quilitisan Marine Protected Area, and the unprotected 

seagrass beds of both Kambal, and the Calatagan pier (N 13.8601, E 120.61298; N 

13.83438, E 120.61685; N 13.82116, E 120.62054) (Fig. 4.1). Adopting Seagrass Net 

protocol (http://www.SeagrassNet.org), we ran two 50 meter transect lines parallel to 

the shore; the first transect line was in the shallow end of the bed, closer to shore and 

the second transect line ran parallel to the first, but 50 m seaward, away from the 

shore. Along both shallow and deep transect lines, we randomly selected ten 0.25 m 

quadrats, for a total of 20 quadrats sampled per meadow. In each quadrat, we 

identified seagrasses species present, estimated total seagrass percent cover and 

percentage cover of each seagrass species, canopy height, shoot length, and shoot 

density. To sample for aboveground biomass, we collected all the seagrass shoots 

from five 0.0625 m quadrats within the ten 0.25 m quadrats per transect line, for a 

total of 10 biomass samples collected per meadow (5 from the shallow transect line 

and 5 from the deep transect line). We separated the seagrass shoots by species, 

scraped off all the epiphytes using a scalpel, oven-dried the seagrass for 24 hours at 

50 degrees Celsius, and measured the dry weight using a balance. At each seagrass 
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meadow, we conducted timed snorkel surveys to identify fish to at least the Genus 

level (species when possible), counted and estimated the length of all fish 

encountered within 5 replicate, 50 m x 2 m belt transects. Photographs of unidentified 

fish were taken for subsequent identification. We estimated biomass per fish 

identified using length – weight relationships from FishBase (www.FishBase.org). 

We grouped fish observed into taxonomic Family groups, further identified with a 

local common name. 

Natural Capital Indicators: Fisheries Landing Surveys 

We gathered a total of 1,891 fisher landings over 122 days between March 

2013 and February 2014 in Gulod, and between July and August 2013 in Buagsong. 

Amihan in the Philippines is the cool season, with northeast winds, moderate 

temperatures and little rain, and lasts between November and May. Habagat is the 

southwest monsoon season, characterized by heat, humidity, and heavy rainfall, that 

lasts between June and October. Due to logistical constraints, fish landings were 

observed only in Habagat (rainy season) in Buagsong, but we collected fish landings 

in both Amihan (cool season) and Habagat (rainy season) in Gulod. Comparisons 

between Buagsong and Gulod were restricted to data collected during Habagat (rainy 

season), between June and September 2013.  

 We trained fisher’s wives and daughters to administer the landing catch 

surveys at the landing sites near their homes. We considered a single fisher landing as 

what arrived in a single fishing trip, either on a boat or through intertidal foraging. 

http://www.fishbase.org/
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We observed multiple landings per day at each landing site. We gave each fisher 

landing a unique identifier, noted the number of fishers on the trip, gear type, site 

name, date of catch, habitat where the items were caught, if the catch was sent to the 

market or for home consumption, and length of the trip. We counted the number of 

fishers and their gear types used at each fish landing site daily, and documented the 

number of boats to estimate fishing effort for each day and site (Table 4.1, Appendix 

Table 4.1). 

We listed the local common name of the catch items and measured the total 

wet biomass of the catch. We were unable to assign specific biomass values to each 

catch item, so data was limited to a list of catch items associated with a single 

biomass value. We grouped catch items into taxonomic Family groups associated 

with a local common name; these were composed of multiple species within the same 

Genera. Catch items included both fish and invertebrates (Table 4.2).  

Socio-economic and Demographic Indicators: Fisher in-depth interviews 

Individuals observed fishing in seagrass habitats were given in-depth, semi-

structured interviews as they landed their catch at the landing sites or in their homes 

after they marketed their catch. Surveys were administered to fishers in July 2013 in 

Buagsong (n = 80), and March 2013 in Gulod (n = 80) in face-to face-meetings that 

took approximately 20 minutes and included a mixture of open-ended and closed 

questions (Appendix Table 4.2). Following Campos et al. (1994), fishers were 

interviewed regarding the fishing trip they had undertaken the day of the interview, 
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including the length of the trip, fishing location, gear used, kilos of fish and common 

name of fish caught, market price per kilo, overhead cost of the fishing trip, and 

destination of the catch (sold at market or personally consumed). To assess overall 

practices, fishers were interviewed regarding fishing effort (frequency of fishing trips, 

number of trips per day), the type of catch and the fisher’s preferred type of catch, 

gear and boat used, and per vessel, daily kilos of preferred catch and historical catch, 

and where the catch was sold (local, municipal or regional markets). Finally, we 

gathered information on the fisher’s perceptions of the seagrass fishery and its 

importance to their economic well-being, along with demographic and social 

information, including where they fished (seagrass beds, coral reefs, or other 

habitats), who in their household participated in fishing, their age and their fishing 

companions’ age and years of fishing experience, the location of their fishing ground, 

their primary occupation, the primary source of family income, and the importance of 

fishing to their family income and family home consumption. 

Socio-economic and Demographic Indicators: Household Surveys 

We gathered quantitative data from household surveys in Buagsong (n = 72) 

and Gulod (n = 90) to examine the level of dependence on fishing and salaried 

employment, resource use patterns, and fishers’ socioeconomic status (Cinner et al. 

2009, Pollnac and Crawford 2000). The main unit of analysis was the household, 

defined by a group of people living in the same house and collectively contributing 

income and resources to that household. Household surveys were conducted in July 
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2013 in Buagsong and March 2013 in Gulod. In a systematic survey of each 

community, we selected every fifth house along both paved and unpaved roads for 

household interviews. The head of the household present at the time of the interview 

answered questions regarding household demographics and income from fishing, 

farming and salaried employment (Appendix Table 4.3). If a house was empty, we 

returned to that same house the following day. 

We developed a standard of living indicator based on three categories: 

transportation, communication and utilities (Berkes et al. 2001). We asked each head 

of household for the presence/absence of transportation options (bicycle, tricycle, 

motorbike, car), communication means (landline, cellular phone) and access to 

utilities (electricity, running water, pump well, septic tank). If a household said yes to 

having one of the options, it was assigned one point, and we summed the 

transportation, communication and utilities points to calculate the standard of living 

score. The standard of living score had a minimum value of 0 (the household did not 

have access to any of the transportation, communications, and utilities options) and a 

maximum value of 10 (the household had all of the options listed).   

 We assessed the importance of seagrass fisheries for each household with a 

questionnaire. We asked each household to give a rating of 1 out of 5 for the 

importance of fishing in seagrass beds for home protein consumption and household 

income, with 1 being not important and 5 being very important.   
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Data analysis 

Data from the fishery landing surveys, fisher in-depth interviews, and 

household surveys were entered into a relational database (Microsoft Access) and 

analyzed using SYSTAT, JMP Pro 11 and PRIMER v.6 and v.7. To compare 

ecological communities from the underwater survey data, we created two separate 

matrices from three replicate meadows sampled per site. The first matrix used the 

average above-ground dry weight biomass of seagrass species per m2 and the second 

matrix used average biomass of fish observed per meadow, grouped to fish local 

common name. We used PRIMER v.6 software to fourth root transform the seagrass 

and fish data and created a Bray-Curtis resemblance matrix of the transformed data. 

We used site (Buagsong or Gulod) as a Factor, and tested for differences in seagrass 

and fish communities separately, using ANOSIM (Clarke and Warwick 2001, 

Anderson, Gorley and Clarke 2008). To calculate the dominant fish observed from 

the underwater surveys, we summed the mean fish biomass observed in all the 

meadows surveyed at each site and calculated the proportion of total fish biomass 

observed for each fish Family.  

We compared differences in types of catch, catch biomass and fishery 

earnings between Buagsong and Gulod during the Habagat (rainy) season in a two-

step process: (1) we assigned the daily multi-species catch to distinct clusters, and (2) 

we priced each cluster according to local market values to calculate daily earnings. 

Since each landing catch was often a multi-species fish and/or invertebrate 
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assemblage associated with a single biomass value, we created a matrix with 

individual fisher landings in rows that include a landing catch identifier, the catch’s 

local common name in columns, with the presence or absence of each catch item 

denoted with a 1 or 0, and the associated biomass value for that individual landing. 

Factors included site (Buagsong, Gulod), gear (baklad, bubo, ilaw, laot, pamamanti, 

sikad), habitat caught (seagrass, coral), and date landed. We created separate fisher 

landing matrices for Buagsong (608 landings over 28 days) and Gulod (454 landings 

over 24 days), which we imported into PRIMER v.7, created a resemblance matrix 

based on S1 simple matching, and used the kRCLUSTER routine. We chose the 

kRCLUSTER routine because the number of clusters k was an input parameter, and 

we wanted to specify the number of groups for which to assign each landing catch 

identifier, rather than having that value calculated (Clarke et al, 2014). Once we 

assigned each fisher landing catch into distinct clusters, we priced each fish cluster 

according to the mean market cost of the dominant Families. We considered a Family 

dominant if it was found in the cluster at least 80% of the time. We calculated daily 

fisher earnings by multiplying the cost of the fish cluster with the total biomass 

caught for that individual fisher landing. To calculate which clusters were most 

important in terms of biomass and value, we summed the biomass of all those clusters 

over 28 observation days in Buagsong and 24 observation days in Gulod during 

Habagat (rainy season).  

We compared seagrass to coral reef fisheries to understand the relative 

importance of these habitats to fisher livelihoods. To compare catch biomass, value of 
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catch per day, catch per unit effort and overhead costs of each trip, we used 

independent samples t-tests to test for differences between catch from seagrasses 

versus coral reefs. To calculate the dominant catch in each habitat, we summed the 

number of times each major Family was caught in coral reefs versus seagrass. 

To compare fisher catch, number of trips per day and week, trip length, and 

catch per unit effort, we used independent samples t-tests to compare data between 

the communities from the in-depth fisher interviews. To compare differences in ranks 

across the two communities from household standard of living indicators and the 

ranked importance of fishing to household income and food consumption from 

household surveys, we employed Mann-Whitney tests.  

Results 

Natural Capital Indicators: Habitat Quality   

Although the two fishing grounds are located in different regions in the 

Philippines, the composition and abundance of seagrass meadows were similar. 

Buagsong is off Cebu island, while Gulod is 750 km north of Buagsong, on Luzon 

island (Fig.4.1). ANOSIM found no significant difference in seagrass species 

composition between Buagsong and Gulod (R = - 0.259, p = 0.80). Pooled, the two 

fishing grounds were composed of mixed-species meadows with 34% cover seagrass, 

4.72 g m-2 seagrass above-ground biomass, 3 - 7 seagrass species found per bed, and a 

Shannon-Weiner diversity index of 1.67. The only difference in seagrass species 
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composition between the two sites was the presence of Cymodocea serrulata in 

Gulod, which was not found in Buagsong (Appendix, Table 4.4).  

We found similar fish assemblages from the underwater fish surveys; 

ANOSIM found no significant difference in fish species composition between 

Buagsong and Gulod (R = 0.407, p = 0.20). Both fishing grounds had Plotosidae, 

Apogonidae, Labridae and Pomacentridae, but Siganidae dominated the biomass in 

Buagsong, while Atherinidae dominated the biomass in Gulod. Muraeindae, the main 

catch in Buagsong, was not recorded in underwater fish surveys of Buagsong, but was 

recorded in underwater fish surveys of Gulod. Conversely, Siganidae, the main catch 

in Gulod, comprised a minor part of the observations in Gulod, but was dominant in 

the underwater fish surveys of Buagsong (Appendix, Table 4.5). 

Natural Capital and Socio-economic Indicators: Seagrass Fisheries Catch 

PRIMER’s kRCLUSTER routine grouped Gulod’s catch items into six 

different fish clusters, while Buagsong’s catch items became part of four different 

fish clusters (Table 4.2). The main seagrass catch item landed in Buagsong was 

Muraenidae (eel cluster), which made up 78% of the biomass from observed landings 

(Table 4.2, Fig. 4.2), while in Gulod, the main catch items were a mixture of 

Siganidae, Leiognathidae, Lethrinidae, and Gobiidae (rabbitfish cluster), which made 

up 49% of the biomass of observed landings (Table 4.2, Fig. 4.3). We observed 11 

Families of commonly caught fish and invertebrates in Buagsong and 20 Families in 

Gulod (Appendix, Table 4.6).  
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The mean biomass of the total daily fishery landings was lower in Buagsong 

in kg (M = 63.06, SD = 24.40) than Gulod (M = 98.50, SD = 25.51), t (48.04) = -

5.10, p < 0.000), as were the mean total daily earnings of the catch in Buagsong in 

US$ (M = 127.88, SD = 49.56) versus Gulod in US$ (M = 164.56, SD = 49.07), t 

(49.93) = -2.68, p = 0.010) (Table 4.3). 

From in-depth fisher interviews, fishers in Gulod both preferred and reported 

catching a wider array of catch items than Buagsong fishers. Buagsong fishers 

reported catching Muraenidae, Holothuroidea and Strombidae in seagrass meadows, 

while Gulod fishers reported catching Siganidae, Lethrinidae, Holothuridae and 

Trochidae, Turbinidae, Strombidae. Fishers’ preferred catch in Buagsong was 

Muraenidae (70% of respondents), followed by Holothuroidea (18%), while in Gulod, 

fishers preferred Siganidae (40%), Holothuroidea (15%), Penaeidae (10%), and 

Portunidae (7%) (Appendix, Table 4.5). The reported daily total catch per fisher 

based on the in-depth interviews in Gulod (M = 4.21, SD = 4.99) was not different 

from Buagsong (M = 3.40 kg, SD = 1.93), t (85.08) = -1.17, p = 0.245.  

Most of the fishers’ catch in Buagsong and Gulod was sold in local markets 

(79%, 86% respectively), followed by municipal markets (21%, 3%) and regional 

markets (0%,11%) (Table 4.3). While the total market value of catch from fishers 

interviewed in Gulod in US$ (M = 10, SD = 17.44) was not different for Buagsong 

fishers (M = 6.77, SD = 4.35, t (52.36) = -1.25, p = 0.217), daily overhead costs per 

day in Buagsong were significantly greater than in Gulod (t (61.24) = 6.27, p = 
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0.0001). However, this did not affect the mean fishers’ take home income, which was 

the same, roughly US$6 (SD = 11.69) (t (88.68) = -1.05, p = 0.295) (Table 4.3). 

Minimum wage in the Philippines is from US$6 - 10 (http://www.nwpc.dole.gov.ph/).  

Consistent with a relationship between market prices and relative fish 

biomass, catch items that comprised the greatest landing biomass did not have the 

highest market value (Fig. 4.2, 4.3). In Gulod, Siganidae and associated fish of the 

rabbitfish cluster dominated the biomass at 49% of the total catch, with a value per 

kilogram of US$1, but Penaeidae from the shrimp cluster comprised only 2% of the 

total catch biomass, but had a value per kilogram of US$10. In Buagsong, 

Muraenidae of the eel cluster dominated the biomass at 78% of total catch, with a 

value per kilogram of US$1.80, while Holothuroidea and Haliotidae of the shellfish 

cluster comprised 14% of the total catch biomass, but had a value per kilogram of 

US$3.33 (Table 4.2, Appendix Table 4.7). The two most important fish clusters in 

terms of the total value of the catch in Gulod were the rabbitfish and the crab clusters, 

while in Buagsong, they were the eels and the sea cucumber and abalone clusters 

(Fig. 4.2, 4.3). 

Fishers’ preferred catch items dominated the biomass landed. In Buagsong, 

70% of fishers listed Muraenidae as their preferred catch item, while the actual 

Muraenidae caught was highest at 64% of the landed biomass. In Gulod, 40% of 

fishers listed Siganidae as their preferred catch item, and the proportion of total 

landed biomass of Siganidae caught was highest at 51% (Appendix, Table 4.7).  
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Catch data did not align with underwater fish and invertebrate survey data. 

The most abundant fish from underwater surveys in Buagsong were Siganidae (41% 

of observations) but Siganids were not a preferred catch item in Buagsong, and 

Holothuroids were not observed in abundance in the underwater surveys, but were a 

preferred and commonly caught catch item. The most abundant fish from underwater 

surveys in Gulod were the Atherinidae (38% of observations), but they were not a 

preferred catch and did not make up a significant proportion of total biomass caught. 

Holothuroids in Gulod were a target catch, but made up a minor (2%) proportion of 

total invertebrate counts in the underwater surveys. 

Seagrass fishers reported keeping a proportion of their daily catch for home 

consumption (12% in Buagsong, 46% in Gulod). Of the fishers that kept their catch, 

Buagsong fishers reported keeping between 0.25 kg to 1 kg (M = 0.68, SD = 0.40), 

while Gulod fishers reported keeping between 0.1 kg to 3.5 kg, (M = 1.0, SD = 0.79).  

Natural Capital and Socio-economic Indicators:  Seagrass Fishing Effort 

Fishing effort, defined by number of fishers observed at the landing sites, was 

similar in the two communities. The number of fishers observed at the landing sites 

were not different in Buagsong and Gulod (M = 22.93, SD = 11.19; M = 19.73, SD = 

4.53, respectively), t (33.56) = -1.38, p = 0.18. However, there was temporal variation 

in reported trips per day (Buagsong M = 1.40, SD = 0.50; Gulod M = 1.23, SD = 

0.46), t(104.40) = -1.96, p = 0.052 and per week (Buagsong M = 8.36, SD = 3.69, 

Gulod M = 5.67, SD = 2.13),  t(71.57) = -4.66, p <0.000, primarily because many 
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Buagsong fishers regularly took two fishing trips a day: one to catch bait and set the 

basket traps for juvenile morays (greater effort for the same amount of catch), and the 

second to collect the traps. In Gulod, most fishers, with the exception of the 7 bubo, 

or crab trapping fishers, took one long trip a day.  

From fishers interviewed, the reported daily catch per hour, defined by kilos 

caught per number of hours spent fishing for an individual fisher, was similar in both 

communities (t (120.99) = -0.135, p = 0.893) (Table 4.3), and ranged from 0 to 3 kg / 

hour fished in Buagsong (M = 0.84, SD = 0.60) and 0 to 5.23 kg / hour fished in 

Gulod (M = 0.84, SD = 0.84). There were no differences in the total number of hours 

for each fishing trip in Buagsong and Gulod (M = 4.83, SD = 1.72; M = 4.89, SD = 

2.23), t (112.66) = 0.59, p = 0.558).   

Natural Capital Indicators:  Seagrass Fishing Methods 

The proportion and number of different gear types used by fishers in the two 

communities was different (Table 4.1). Fishers in Buagsong utilized more diversified 

fishing methods (M = 2.33, SD = 1.13), with up to four different gear types per fisher, 

compared to Gulod fishers, who used a maximum of two gear types (M = 1.19, SD = 

0.63), t (69.53) = 6.38, p = 0.000. Buagsong fishers harvested a less diversified catch, 

with only 4 main clusters of fish catch, with the Families Muraenidae, Haliotidae and 

Holothuroidea composing the main catch, while Gulod’s fishery consisted of 7 main 

clusters of fish catch, from twelve Families with Siganidae, Lethrinidae, Portunidae, 
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Holothuroidea and Paenidae composing the main catch (Table 4.2, Appendix Table 

4.5).  

We observed six different fishing methods. The most frequently used gear 

type differed among communities; eel trapping or bubo was the primary gear type in 

Buagsong, followed by ilaw or night time gleaning and pamamanti or gillnet fishing. 

Gillnet fishing was most common in Gulod, followed by bubo or crab trapping, sikad 

or daytime gleaning, and baklad or fish fences (Appendix Table 4.6). All methods 

were found in both communities, except for fish fences and handline fishing, which 

were restricted to Gulod. However, when we combined daytime (sikad) and nighttime 

(ilaw) gleaning, the most popular method was gleaning – which is walking from the 

shore to gather seagrass finfish and invertebrates by hand or with simple tools during 

low tide, which summed to 45% of the primary gear type of all fishers. Regardless of 

their primary gear type, 82% of fishers interviewed in Buagsong engaged in some 

gleaning activities, 49% of those fishers engaged in gleaning during the day, while 

56% engaged in gleaning at night. Regardless of their primary gear type, 33% of 

fishers interviewed in Gulod engaged in gleaning activities, with 13% of fishers 

engaged in gleaning during the day, while 20% engaged in gleaning at night. We 

observed an average of 20 fishers a day in both landing sites in Buagsong (M = 21.46, 

SD = 3.17) and in Gulod (M = 22.86, SD = 9.85). From observations at the landing 

sites in Buagsong, 34% of all fishers were gleaners (day and night), while in Gulod 

20% of all fishers were gleaners (Table 4.1, Appendix Fig. 4.1).  
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The most commonly caught items were also caught by the most number of 

gear types. For example, Holothuroidea in Buagsong was found in all of the clusters 

and caught by all the gear types. In Gulod, Siganidae was found in all the clusters and 

caught in most gear types, except for daytime gleaning and crab traps. Muraenidae, in 

contrast, was found in all the clusters and was only caught by one gear type, the 

basket eel traps (Table 4.2). 

Natural Capital Indicators:  Seagrass versus Coral Reef fisheries 

In Gulod, where seagrass fishers were clearly differentiated from coral reef 

fishers; there was no overlap between a seagrass and coral reef fisher. In Buagsong, 

there was some overlap across habitat type, and some seagrass fishers also harvested 

from coral reefs. For example, in Buagsong, fishers used crab/eel traps in both 

seagrasses and coral reefs for the same types of catch. We separated Buagsong 

seagrass from Buagsong coral reef fishers based on the reported habitat type fishers 

stated they got their catch from at the landing site. In Gulod, we observed more 

seagrass fishers at the landing sites each day (M = 21, SD = 3.17) than coral reef 

fishers (M = 13, SD = 2.10), t (643.31) = -5.95, p = 0.000. In Buagsong, we observed 

more seagrass fishers at the landing sites each day (M = 18, SD = 5.76) than 

Buagsong coral reef fishers (M = 5, SD = 6.14), t (53.77) = -8.39, p < 0.000. 

In terms of gear used in seagrass versus coral reefs, only handline fishing was 

restricted to coral reefs, and day gleaning and fish fences restricted to seagrass 

habitat, while the rest of the methods were used in both seagrass and coral habitats 
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(Table 4.1). Haltiotidae and Serranidae characterized catch from coral reefs in 

Buagsong, while Carangidae, Mullidae, Labridae and Serranidae characterized catch 

from coral reefs in Gulod. Overlap of coral and seagrass catches were Holothuroidea, 

Strombus and Trochus in Buagsong, and Lethrinidae, Strombus and Trochus in Gulod 

(Appendix, Table 4.6).  

Mean daily biomass caught per person (kg) in seagrass habitat was greater 

than in coral reef habitat in Buagsong but not in Gulod. In Buagsong, mean daily 

biomass caught in seagrass habitat (M = 3.38; SD = 1.04) was greater than the mean 

daily biomass of catch in coral reef habitat (M = 1.85; SD = 0.52), t(39.98) = -6.34, p 

< 0.000. In Gulod, the mean daily biomass caught per person (kg) in seagrass habitat 

(M = 4.39; SD = 1.01), and was no different from coral reef habitat (M = 4.25; SD = 

0.48), t (22.24) = -0.50, p = 0.623. 

In both communities, the catch biomass and take-home income from fishing 

differed between seagrass and coral reef fisheries. Total biomass caught per day (kg) 

from coral reefs in Buagsong (M= 19.16; SD = 15.02) was less than in Gulod (M = 

48.30; SD = 20.78), t (9.25) = -3.30, p = 0.009, but value of the catch per day in 

Buagsong in $US (M = 47.96; SD = 38.00) was no different from Gulod (M = 78.08; 

SD = 34.41), t (13.27) = -1.83, p = 0.091. In Buagsong, total daily landings from 

coral reefs (M= 19.16; SD = 15.02) were less than seagrass landings (M = 63.06, SD 

= 24.4), t (38.05) = -7.18, p < 0.000). In Gulod, total daily landings from coral reefs 

(M= 48.30; SD=20.78) were less than seagrass landings (M = 98.50, SD = 25.51), t 
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(11.84) = -5.34, p < 0.000). The same pattern held for the value of the catch per day.  

In Buagsong, value of the catch per day in $US from coral reefs Buagsong (M = 

127.88, SD = 49.56) was less than the value of seagrass landings (M = 127.88, SD = 

49.56), t (33.02) = -5.79, p < 0.000). In Gulod, value of the catch per day in $US from 

coral reefs (M = 78.08; SD = 34.41), was less than the value of seagrass landings (M 

= 164.56, SD = 49.07), t (13.95) = -5.27, p < 0.000). 

Overhead cost of trips was two times greater in coral reef habitat than in 

seagrass habitat, and the mean take-home income per fisher/day was greater in 

seagrass habitat (US$7.82) than in coral reef habitat (US$5.11) (Appendix Table 4.8). 

The highest priced catch per kg in Gulod (Penaeidae) was not caught in coral reefs, 

only in seagrass beds (Table 4.2). 

Demographic indicators: Household surveys and In-depth fisher interviews  

Women made up 15% and 13% of fishers interviewed in Buagsong and 

Gulod, respectively. Women were the majority day time gleaners, with 61% of all 

gleaners in Buagsong and 71% in Gulod women, while men were the majority of 

night time gleaners, with 100% in Buagsong and 92% in Gulod. When asked what 

members of their household participated in gleaning versus fishing, seagrass bed 

fishing was done primarily by adult men, but gleaning in seagrass beds was more 

evenly distributed, with greater proportions of women and children. 

Fisher age was not significantly different in the two communities t(183.72) = -

0.69,  p = 0.49), with a pooled mean fisher age of 39 years (SD = 13). But, years of 
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fisher experience was greater in Buagsong (M = 23.32, SD =14.00) than Gulod (M = 

17.80, SD = 13.64), t (120.33) = -2.22, p = 0.028). 

Socioeconomic indicators: Household surveys and In-depth fisher interviews  

 Municipalities in the Philippines are divided into six income classes based on 

the municipality’s average annual income with 1 being highest. Buagsong is part of 

Cordova, a third income class municipality in Cebu (www.cordova.gov.ph), and 

Gulod is part of the Calatagan municipality, a second income class municipality 

(www.calatagan.gov.ph). While there was no significant difference in household size 

in Buagsong and Gulod, both ranged between 1 and 12 members (M = 4.94, SD = 

2.04, t (252) = 1.00, p = 0.317), we found differences in the standard of living 

indicators. A Mann-Whitney test indicated that the quality of life indicator was lower 

in Buagsong (Mdn = 3), than Gulod (Mdn = 4), U = 1,548.0, p < 0.000 (Table 4.3). 

Most fishers interviewed owned a 4 – 5-meter length wooden outrigger boat, 

and 73% in Buagsong, 58% in Gulod owned their boat. In Buagsong, 38% of fishers 

used motorized boats with 10-horsepower engines, compared to 19% of fishers in 

Gulod. In Buagsong, 73% of fishers interviewed fished with a companion, while in 

Gulod 58% of fishers interviewed fished with a companion. Most fished on Sundays 

in both Buagsong and Gulod (88%, 64%, respectively), in addition to other days of 

the week, indicating that most fish everyday (Table 4.3). 

We separated seagrass fishing methods into boat based “fishing” and intertidal 

“gleaning”, defined as walking from the shore. The primary occupation of fishers 

http://www.cordova.gov.ph/
http://www.calatagan.gov.ph/
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interviewed in both communities was fishing, 42% of respondents in Buagsong, 70% 

in Gulod. Gleaning was more prevalent with Buagsong fishers (primary occupation of 

52% of respondents) versus Gulod, 19%. No fishers in Buagsong stated farming as 

one of their occupations, but 15% of fishers in Gulod did. In Buagsong, 19% of 

respondents stated other sources of income, while in Gulod only 5% did (Table 4.3). 

Other sources of income contributed to fishers’ households in both Buagsong 

and Gulod; these included gleaning (66% of respondents in Buagsong, 22% of 

respondents in Gulod), farming (0% in Buagsong, 22% in Gulod), fish marketing 

(10% in Buagsong, 27% in Gulod), and miscellaneous sources of income (25% in 

Buagsong and 17% in Gulod) (Table 4.3). 

Salaried income was more important to households in Buagsong, while 

fishing was more important to households in Gulod. Household surveys found that 

the primary sources of income in Buagsong households were from salaried income 

(76%) and fishing (24%), and the primary sources of income in Gulod were from 

fishing (54%), salaried income (25%) and farming (21%). In Buagsong, secondary 

sources of income were from gleaning (63%) and salaried income (38%), and in 

Gulod secondary sources of income were from farming (65%), salaried income (21%) 

and gleaning (7%) (Table 4.3).  

 Gleaning was more important to Buagsong fishers. From the in-depth fisher 

interviews, Buagsong and Gulod fishers reported that 50% of their family income 
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came from fishing, and the rest of their income (46%) came from gleaning, compared 

to Gulod fishers whose remaining income (20%) came from gleaning (Table 4.3). 

We assessed the importance of seagrass fishing and gleaning for protein 

consumption and household income from both in-depth fisher interviews and 

household surveys. In the fisher interviews, we separated gleaning from fishing and a 

Mann-Whitney test indicated that the importance of gleaning for home consumption 

was greater in Buagsong (Mdn = 5), than for Gulod (Mdn = 5), U = 1910.5, p = 0.029, 

while the importance of fishing for home consumption was no different in Buagsong 

(Mdn = 5) than for Gulod (Mdn = 5), U = 1635.5, p = 0.415. A Mann-Whitney test 

indicated that the importance of gleaning for income was greater in Buagsong (Mdn = 

5), than for Gulod (Mdn = 4), U = 1958.0, p = 0.004, while the importance of fishing 

for income was no different in Buagsong (Mdn = 5), than for Gulod (Mdn = 5), U = 

1673.5, p = 0.787. In the household surveys, we combined seagrass gleaning and 

fishing; the Mann-Whitney test indicated that the importance of both fishing & 

gleaning for home consumption not different in Buagsong (Mdn = 5), and in Gulod 

(Mdn = 5), U= 2,676.0, p = 0.212, but the importance of fishing & gleaning for 

household income was less in Buagsong (Mdn = 1) than in Gulod (Mdn = 4), U = 

1274.0, p < 0.000.  

When we asked each household for the percentage of actual household 

income derived from seagrass fishing, Gulod households (M = 17.58, SD = 27.44) 

were no different than Buagsong households (M = 19.71, SD = 33.23), t(132.88) = 
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0.43, p = 0.666. In both communities, sea grass fishing comprised 20% of household 

income (M = 19.52, SD = 30.05). The percentage of household income from salaried 

employment in Gulod households (M = 28.65, SD = 41.27) was less than in Buagsong 

households (M = 80.29, SD = 33.23), t(156) = 8.739, p =0.000.  

Discussion  

A community’s vulnerability results from pre-existing conditions likely to 

influence their response to changes in the fishing resource (Cutter et al, 2008; Jepson 

& Colburn, 2013). While both communities were highly reliant on seagrass resources 

for food security and economic well-being, they differed in their inherent 

vulnerability. Here, I will compare the two communities’ pre-existing conditions 

within a social-ecological perspective using natural capital, demographic, and 

socioeconomic indicators of vulnerability. Within this context, however, I will not 

compare the effects of exposure to a disturbance or policy intervention to the 

individual communities.  

Natural capital indicators of vulnerability 

Resilienceis the ability to respond to and recover from a disturbance, absorb 

impacts, and cope with stress (Cutter et al. 2008, Jepson and Colburn 2013). A lack of 

catch diversification increases Buagsong’s vulnerability to changes in the resource 

base. Buagsong seagrass fishers landed a lower biomass and less diversified catch 

than Gulod seagrass fishers. Three Families made up 80% of the landed biomass in 

Buagsong, while Gulod seagrass fishers both preferred and captured a more 
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diversified catch, with 12 Families capturing 80% of the landed biomass. The 

majority of Buagsong’s catch was from juvenile moray eels, while the majority of 

Gulod’s catch is from a mixed bag of rabbitfish, emperorfish and parrotfish. 

Individual Buagsong fishers needed to manage risk by varying their fishing effort 

temporally with a greater number of trips per day and per week, and by using a 

greater number of gear types than individual Gulod fishers.  

A community’s resilience is linked to the quality of the environment and how 

humans treat their resources (Cutter et al. 2008). We found highly variable seagrass 

abundance and diversity in the underwater surveys; some meadows surveyed in 

Buagsong and Gulod had seagrass percent cover as high as 70% with up to 4 seagrass 

species, while other meadows were under 10% seagrass cover with 1 or 2 seagrass 

species. In both communities, underwater fish survey data did not coincide with 

landing survey catch: the most common fish and invertebrates found in the ecological 

surveys were not the most commonly caught species. This discrepancy could mean 

that the most commonly caught item, Siganids, avoided humans and were not easily 

seen in the Gulod fish surveys. In addition, the most commonly targeted species in 

Buagsong, which were juvenile eels, had nocturnal behavior and spent most of their 

time in holes, so they were not easily seen in the snorkel surveys. Another reason for 

this discrepancy could be that the most commonly fished items were in actuality, 

sparsely distributed in the fishing grounds due to overfishing, so they were not 

captured by the fish swims. The majority of fish catch from developing countries 

come from an array of small fish stocks whose cumulative impact on a given 
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ecological community, if lost, may be higher than the impact of a single stock (Berkes 

et al. 2001). Furthermore, threats to seagrass communities from fishing include 

habitat destruction from the use of drag nets, reduction of top predators and 

herbivores that control epiphytes, and growth overfishing from intense juvenile fish 

removal (de la Torre-Castro et al. 2014). 

The main catch from seagrass habitat in the two communities included a 

mixture of finfish and invertebrate Families: Siganidae, Penaeidae, Muraenidae, 

Trochidae, Turbinidae, Strombidae and Holothuridae. This broad diversity of 

Families is consistent with that reported for other seagrass fisheries in the region. In 

Indonesia and the Philippines seagrass habitat provides important food for local 

communities; common seagrass finfish catch include fish in the Families Siganidae, 

Lethrinidae, Carangidae, Lutjanidae, and Scaridae, and invertebrates such as 

Holothuridae, Strombidae, Muricidae and Volutidae (Campos et al. 1994, Norland et 

al. 2010, Unsworth and Cullen, 2010, de la Torre-Castro et al. 2014, Unsworth et al. 

2014).  

Total fisheries landings in both communities averaged less than 100 kg per 

day for a mixed invertebrate and fin-fish fishery, which is considerably less than other 

sites reported. Historically in Cape Bolinao, Philippines, the seagrass fishery yielded 

760 kg per day for a fin-fish fishery (Campos et al. 1994), while seagrass catch in 

Tanzania was 800 - 900 kg per day for a mixed fin-fish and invertebrate fishery (de la 

Torre-Castro and Ronnback 2004), and 260 kg per day in Tanzania for an invertebrate 



 

87 

 

 

fishery (Norlund et al. 2010). There were approximately 89 fishers in Buagsong and 

139 in Gulod. Other seagrass fishing villages had a total of 193 fishers (Campos et al. 

1994), 130 fishers (Norlund et al. 2010) and 250 fishers (de la Torre-Castro and 

Ronnback 2004). These communities had fishing grounds which ranged in area from 

2 km2 (Norlund et al. 2010) to 24 km2 (Campos et al. 1994) and 50 km2 (de la Torre-

Castro and Ronnback 2004); and Gulod’s fishing grounds are 20 km2 and Buagsong’s 

grounds are 30 km2 (Appendix, Table 4.7).   

Despite the high fishing pressure on seagrass ecosystems, they are not a 

priority in fisheries management (de la Torre-Castro et al. 2014) and have limited 

protection (Cullen-Unsworth et al. 2014). In the coral triangle, seagrass ecosystems 

are given marginal importance in conservation and management (Unsworth and 

Cullen 2010). One reason for the lack of management of seagrass resources is the 

perception by local users that seagrass meadows are a ‘natural stable system,’ and 

therefore not vulnerable to threats by human activities (de la Torre-Castro and 

Ronnback 2004).   

Natural capital indicators: Seagrass fisheries versus coral reef fisheries 

 On a daily basis, we observed more seagrass fishers at the Buagsong and 

Gulod landing sites than coral reef fishers. We defined seagrass fishers as those who 

utilized seagrass beds as their main fishing habitat, and coral reef fishers as those who 

utilized coral reefs as their main fishing habitat. Buagsong and Gulod fishers 

appeared to exhibit risk averse behavior in choosing fishing habitat because they 
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engaged in coral reef fisheries to a lesser extent than seagrasses; seagrass fisheries 

were closer to shore, and had less reliance on capital infrastructure such as boats, 

motors, and specialized fishing gear. Coral reef fishers in Buagsong and Gulod need 

boats with engines to participate in the fishery. Interviews with fishers found higher 

take-home returns from seagrass fisheries than coral reef fisheries (Appendix Table 

4.8). The highest priced catch items were not harvested from coral reefs, but were 

shrimp from Gulod seagrass beds, and sea cucumbers and abalone from Buagsong 

seagrass beds (Appendix Table 4.8). Other studies have found that fishers in 

comparable coastal communities in Indonesia and Tanzania preferred seagrass habitat 

for their fishing grounds (Cullen-Unsworth et al. 2014; de la Torre-Castro et al. 2014, 

Unsworth et al. 2010), and when compared to adjacent habitats like mangroves and 

corals, seagrasses provided economically important aggregated benefits for the 

community (de la Torre-Castro et al. 2014).  

While this study provides evidence that seagrass fisheries were more 

important than coral reef fisheries to the communities, follow-up studies should 

investigate the ecological status of coral reef systems in the two fishing grounds, and 

ascertain if these patterns have been consistent over longer periods of time, or if they 

are a result of greater degradation in one of the two habitats. 

Demographic indicators of social vulnerability 

Women in both communities were key players who reduced their household’s 

vulnerability to changes in the household’s income and food security. Open-access 
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fishing grounds are an economic safety net for households when there are few 

alternative livelihoods available (Beitl 2015). Fishers who utilize gillnets 

(pamamanti), are required to register their boats and gear, and are predominantly 

male, as are coral reef fishers and fishers who set crab and eel traps (bubo). However, 

gleaning is unregulated, and many women, who do not consider themselves full time 

fishers, participated in seagrass gleaning. When interviewed, female gleaners in 

Gulod said they were gleaning for recreation and supplementary food gathering in 

their free time, similar to gleaners in Indonesia (Cullen 2007). Gleaning was more 

important to the Buagsong community because of the greater number of fishers who 

considered gleaning as their primary gear type, and the greater proportion of gleaners 

observed at the landing sites in Buagsong versus Gulod. Furthermore, Buagsong’s 

households reported relying more heavily on gleaning as their main secondary source 

of income to reduce risk associated with employment in their salaried jobs. 

The supportive role of gleaning shellfish and small fish from seagrass beds 

provides essential micro and macronutrients to the diet of a household (Kawarazuka 

and Bene 2011). Gleaning during the day and night made up almost half of the gear 

types used by seagrass fishers (Table 4.1). From interviews in both communities, the 

products gleaners collected provided an easy source of additional protein and 

micronutrients to strengthen (“pampalakas”) fishers and their families. While women 

in both Buagsong and Gulod made up a minor part of full-time fishers in their 

communities, they comprised the majority of day-time gleaners (Table 4.3. Like in 

Zanzibar, Mozanbique and Fiji, where gleaners are predominantly women (Norlund 
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et al. 2010; Cullen-Unsworth et al. 2014), women and children in Gulod had greater 

relative participation in gleaning activities, while seagrass fishing is more male 

dominated (Appendix, Fig. 4.2). Gleaning requires little or no investment in the 

fishery because boats are optional and all community members have access to the 

intertidal seagrass beds at low tide. In East Africa, seagrass gleaners target 

invertebrates, and are predominantly females (Norlund et al. 2010, Cullen-Unsworth 

et al. 2014), and in Indonesia, gleaning is a back-up livelihood during difficult times 

(Cullen-Unsworth et al. 2014).  

Women play an important supportive role in small-scale fisheries and 

contribute to the household income in times of crisis (Jentoft 1999). This important 

risk-reduction role in fishing households is an extension of their domestic role, 

because during times of crisis it is the women who initiate income diversification 

activities (Frangoudes 2011). In most small-scale fishing communities, fish 

processing, marketing, and repairing nets are activities that have greater participation 

by women and children, and bring important additional fishing-related income to the 

family (Lokuge and Munas 2011, Frangoudes 2011). In post-processing activities like 

drying and cooking, women increase the value of the fish product (Juntarashote and 

Chuenpagdee 2011, Lowitt 2011). In Gulod, we observed women and children drying 

juvenile (< 10 cm) rabbitfish for home consumption and selling at higher prices in the 

market. Women in Gulod households participate in fish marketing activities as an 

important source of household income, second to fishing and or farming. 
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Socioeconomic indicators of vulnerability 

Economic development has varying effects on the dependency of 

communities to marine resources (Cinner et al. 2009). Buagsong is a lower income 

class municipality than Gulod, and household surveys showed that Buagsong 

households had a lower quality of life indicator than Gulod. Generally, coastal 

communities with low levels of economic development are characterized by high 

levels of dependence on fishing as the primary occupation, with minimal engagement 

in salaried employment and limited capital investment (Cinner et al. 2009). We found 

a different situation in our two seagrass fishing communities because Gulod had 

greater reliance on fishing, while Buagsong residents had salaried jobs as their 

primary occupation. A compilation of case studies around the world found that 

human reliance on seagrasses was greater when access to alternative, land-based, 

livelihoods was limited (Cullen-Unsworth et al. 2014); especially when there was 

limited linkage between exploitation livelihoods and higher level economic activities 

(Cullen 2007). This is relevant because household economic resilience is undermined 

when access to land-based occupations is limited (McClanahan et al. 2009).  

Household dependence on seagrass resources for income was influenced by 

the availability of alternative incomes. In small scale fishing sites in the Gulf of 

California, people who directly harvest marine resources generally have low 

educational backgrounds and limited economic opportunities, including access to 

alternative incomes (Cinti et al. 2010). Fishers’ dependence on only one livelihood 
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makes them vulnerable to uncertainty and risks from the lack of income or savings 

during the off-season, during which fishers are more vulnerable due to bad weather 

(Khattabi and Jobbins 2011, Lokuge and Munas 2011). One solution is diversification 

through a mixed livelihood portfolio; for example, Sri-Lankan fishers engage in non-

fisheries-related activities like agriculture, and fishers in Morocco diversify through 

agriculture and ecotourism (Khattabi and Jobbins 2011, Lokuge and Munas 2011). 

The main sources of income in Buagsong were salaried jobs, and secondary sources 

of income were seagrass gleaning and fishing. In Gulod, the main sources of income 

were seagrass fishing, and secondary sources of income were farming, gleaning, fish 

marketing and salaried jobs. This difference could be explained by the fact that 

Buagsong is three times closer to a major metropolitan city (Cebu) and surrounded by 

an urbanized landscape with reliable transportation networks, while Gulod is 

surrounded by farmland. Despite Buagsong’s proximity to a larger urban center, 

household sources of income in Buagsong were less diversified than in Gulod.  

The distance to a metropolis, and the accompanying alternative incomes 

provided and increased cost associated with urban living, was reflected in differences 

in a community’s reliance on seagrass resources. While mean biomass per year from 

seagrass fisheries in Buagsong and Gulod were comparable, and so was the mean 

value of seagrass fisheries, mean daily overhead costs of fishing in Buagsong was 

four times as much as in Gulod; at times, some fishers in both communities had a 

negative take-home income from their fishing trip (Table 4.3).  
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The condition of artisanal and subsistence fisheries is related to 

socioeconomic factors, (Cinner and McClanahan 2006) and surrounding economic 

activities affect the small-scale fisheries in these small coastal communities (Berkes 

et al. 2001). Seagrass fisheries near an urban center may be under greater threat than 

fisheries in a rural setting. Population growth is one of the main threats to seagrass 

fisheries; population growth results in overexploitation of invertebrates, lack of 

sewage treatment, and coastal construction (Jiddawi and Lindstrom 2012). 

Urbanization accompanies population growth and puts pressures on seagrass system 

from development, improper sewage disposal, and siltation of coastal areas from 

agriculture and forestry runoff (Cullen-Unsworth et al. 2014). Another threat to 

seagrass resources is tourism development, which results in increasing population, 

intensified fishing, sewage, harbor construction and associated activities, and coastal 

construction (Norland 2010). Buagsong is adjacent to the growing metropolis of 

Cebu, with growing tourism developments. 

In general, participation in fisheries-related activities adds a sense of 

community to fishing villages and helps combat risks associated with fishing itself. 

An important secondary source of income for fisher families in the two communities 

was fish selling, both house-to-house and by bringing fish to the market. In Thailand, 

fishmongers come from the same community as the fishers, so they act as safety nets 

for the whole community, and fish processers are related through family or marriage 

(Juntarashote and Chuenpagdee 2011). Like in Thailand, we observed groups of 

women in Gulod, related through family or marriage, processing fish together and 
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fishermen’s wives going to market or selling their husband’s catch, house to house in 

their own villages. 

Seagrass fisheries in Buagsong and Gulod contributed to the community’s 

food security because the majority of the catch was sold in local markets. Households 

in both communities stated that they relied on seagrass resources for home 

consumption; however, only a minor portion (12%) of fishers interviewed in 

Buagsong kept some of their catch for home consumption, while almost half (46%) of 

fishers interviewed in Gulod kept some of their catch for home consumption. This 

difference could be due to two reasons: access to cash and other types of food, and 

food preferences. Buagsong households had greater access to cash from salaried 

incomes, while in Gulod most incomes came from fishing and farming, so the 

Gulodhouseholds may not have the purchasing power the Buagsong households have. 

Buagsong households were closer to markets where they can purchase other types of 

food for home consumption, while Gulod households had less access to diverse 

markets. Secondly, the main sources of catch in Buagsong were juvenile morays and 

abalone, both regional delicacies, and not commonly eaten. The main catch in Gulod 

was rabbitfish in terms of biomass, and shrimp, in terms of cost; these are everyday 

preferred food items. In other seagrass fishing communities, fishers take a “fish 

home-pack” (commonly Siganids) between 0.5 and 2 kg and juvenile fish, less than 

10 cm in length (Campos et al. 1994, de la Torre-Castro and Ronnback 2004).   
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Local food preferences contributed to the types of catch items targeted. Eels 

are a delicacy in Buagsong, and biomass of fish caught reflected that preference (65% 

of biomass were juvenile Muraenidae). In contrast, dried juvenile rabbitfish and 

shrimp are preferred food items in Gulod, because fishers targeted these groups and 

kept them for home consumption. Like Campos et al. (1994) found in Cape Bolinao, 

Gulod’s Siganid fishery was very important to the Gulod community. In Gulod, the 

relatively large number of local names given to different species of rabbitfish and to 

their different life stages reflect the importance of this group to the community 

(Berkes et al. 2001).  

Summary  

We found that seagrass beds provided valuable ecosystem services through 

fishing and gleaning in two Philippine communities with differing access to urban 

areas. Overall, seagrass beds were exploited by twice as many households in 

Buagsong than in Gulod, using a suite of 6 fishing techniques. The most common 

techniques used in seagrass beds were gleaning (day and night), and gillnetting using 

boats. Catches spanned a multitude of fish and invertebrate families, including 

Muraenidae, Holothuroidea, Trochidae, Turbinidae, Strombidae, Siganidae, 

Portunidae, Penaeidae, Gobiidae, and Lethrinidae, with important differences in 

relative proportions across the two communities. Women reduced a household’s 

vulnerability by participating in gleaning and fishing-related activities, and the items 

caught from gleaning provided the household with important additional protein and 
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micronutrients. Seagrass fisheries were more important in both communities for food 

and income than coral reef fisheries, as measured by a greater number of fishers 

participating in seagrass versus coral reef fisheries, greater catch per unit effort, value 

of catch, and take-home income. Seagrass fisheries were also a more important source 

of household income in the community with less access to an urban center.  

This paper provides evidence for the importance of seagrass fisheries in 

supporting the income and food security of coastal communities, particularly the 

ancillary influence of gleaning in seagrass beds. Gleaning is not only the primary 

occupation of many fishers; it is the main secondary source of income for households 

with salaried incomes, and has a greater proportion of participation by women and 

children. Descriptive studies such as these are needed because they highlight the 

importance of seagrass resources to coastal communities in developing countries, and 

for data-poor fisheries such as these, this addresses much needed data gaps for 

managing small-scale seagrass fisheries in the Philippines. 
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Table 4.1. Seagrass fishing gear and effort. Summarizes primary gear types, habitats used and effort during “Habagat,”   

the rainy season seagrass fishers interviewed in two coastal barangays, Buagsong (n = 80) and Gulod (n = 80). 

Gear type 
“local name” 

Description Proportion 
primary 

gear type  
Buagsong, 

Gulod 

Habitat 
caught 

Effort: 
 mean percent 

observed of total 
fishers out per 

day at Buagsong 
landing site 
mean (SD) 

 

Effort: 
 mean percent 

observed of 
total fishers out 
per day at Gulod  

landing site 
mean (SD) 

 

“Baklad” Fish fences  0%, 15% seagrass N/A 13.95 (7.59) 
“Bubo” Metal or basket traps 21%, 5% seagrass, coral 53.01 (22.95) 15.56 (4.15) 

“Ilaw” Night time gleaning  42%, 25% seagrass, coral 17.63 (24.66) 7.01 (7.89) 

“Sikad” Daytime gleaning  26%, 15% seagrass 15.51 (8.34) 12.37 (8.68) 
“Pamamanti” Encircling gillnets 11%, 40% seagrass, coral 13.84 (6.54) 51.11 (10.85) 
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Table 4.2. Fish Clusters. Seagrass fisher landings from 28 days in Buagsong (n = 506) and 24 days in Gulod (n = 454), June - 

September, 2013. PRIMER’s kRCluster analysis assigned each landing to clusters in Buagsong (n = 4) and Gulod (n = 6). 

   Site Fish cluster Gear Description 
of gear 

Proportion 
of total 
landings 

US$/kg 
dominant 
fish in 
cluster 

Common fish included in 
cluster  
Family, “local name”, (US$/kg) 

Buagsong “Sea 
cucumber, 
abalone” 

Gleaner- 
day & night 
Pamamanti 
Bubo 

Multi-gear 14% $3.33 Holothuroidea, “Balat” ($2.78) 
Haliotidae, “Kapinan” ($3.89) 
 

Buagsong “Eels” Bubo 
Pamamanti 

Multi-gear 78% $1.80 Muraenidae, “Panangitan” 
($1.80) 

Buagsong “Rabbitfish” Pamamanti 
Gleaner- 
day & night 
Bubo 

Boats w 
gillnets 
Fish traps 
Gleaning – 
day & night 
 

7% $1.96 Siganidae, “Kitong”/ “Danggit” 
($1.96) 

Buagsong “Shellfish” Pamamanti 
Bubo 
Gleaner- 
day & night 

Multi-gear 1% $2.33 Trochidae, “Sikad” ($0.78) 
 Haliotidae, “Kapinan” ($3.89) 

Gulod “Shrimp” Gleaner- 
night 
 

Gleaning 
Boats w 
gillnets 

2% $10 Penaeidae, “Hipon” ($10)  

Gulod “Rabbitfish” Pamamanti Boats w 
gillnets 

49% $1.07 Siganidae, “Cuyog” ($1.27) 
Leiognathidae, “Sapsap” 
($0.84) 
Lethrinidae, “Lukso” ($1.27) 
Gobiidae, “Palo” ($0.84) 
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Gulod “Squid, 
catfish” 

Baklad 
Pamamanti 
Laot 

Fish fences 
Boats w 
gillnets 

9% $2.20 
 

Loliginidae, “Pusit” ($4.60) 
Plotosidae, “Sumbilang” 
($2.22) Belonidae, 
“Katchawang” ($1.33) 
Siganidae, “Cuyog” ($1.27) 
Octopodidae, “Pogita” ($1.56) 

Gulod “Crab” 
 

Bubo 
Baklad 
Pamamanti 
 

Crab traps 
Gleaning 
Boats w 
gillnets 

20% $2.49 
 

Portunidae, “Alimango bato/ 
Alimasag” ($2.49) 
Holothuroidea, “Balat” ($2.78) 
Plotosidae, “Sumbilang” 
($2.22)  

Gulod “Shellfish” Gleaner- 
day 

Gleaner 20% $1 Veneridae,”Kamo’t pusa” ($1) 
Trochidae, “Sikad” ($0.78)  
Rostellariidae,”Suso” ($0.78) 
Mytilidae, “Tahong” ($1.44)  

Gulod “MISC” Pamamanti Boats w 
gillnets 

6% $1.22 Mugilidae, “Banak” ($1.33) 
Siganidae, “Cuyog” ($1.27) 
Apogonidae, “Dangat” ($0.89) 
Gobiidae, “Palo” ($0.84)  
Mullidae, ”Manitis” ($1.78) 
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Table 4.3. Comparison of Social vulnerability of Buagsong and Gulod grouped to Natural capital, Demographic, Socio-economic 

indicators *Negative values refer to a greater overhead cost of the trip than cost of the catch. HH= household 

 Buagsong Gulod 

Natural Capital Indicators: 
Community level 

  

Seagrass catch items by fish 
cluster 

1.“Sea cucumbers, 
abalone”: Holothuroidea & 
Haliotidae  
2.“Eels”:  Muraenidae 
3.“Rabbitfish”:  Siganidae 
4.“Shellfish”: Trochidae,  
Haliotidae 

1.“Shrimp”: Penaeidae 
2.“Rabbitfish”: Siganidae, Leiognathidae, 
Lethrinidae, Gobiidae 
3.“Squid, catfish”: Loliginidae, Plotosidae, 
Belonidae, Siganidae, Octopodidae 
4.“Crab”: Portunidae 
5.“MISC”: Veneridae,Trochidae, Rostellariidae, 
Mytilidae 
6.“Squid, catfish”: Mugilidae, Siganidae, 
Apogonidae, Gobiidae, Mullidae 

Total daily biomass landed  
Mean kg (SD) 

63.06 (24.40) 98.50 (25.51) 

Sum of total daily earnings 
US$ (SD) 

127.88 (49.56) 164.56 (49.07) 

Natural Capital Indicators: 
Individual fisher 

  

Daily overhead cost of trip (US$)  
Min, Max, Mean (SD)  

0.07, 4.44, 1.83 (1.21) 0, 4.44, 0.41 (0.89) 

Daily value of catch (US$)  
Min, Max, Mean (SD) 

0, 21.78, 6.65 (5.01) 0, 111, 9.82 (16.91) 

Daily catch per unit effort (kg/hr) 
Min, Max, Mean (SD)  

0, 3, 0.79 (0.60) 0, 5.23, 0.91 (0.88) 

Take home income per day (US$)  
Min, Max, Mean (SD)  

-2.67*, 20.67, 5.25 (4.75) -1.18*, 111, 8.84 (16.59) 

Demographic Indicators   
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Proportion of women fishers 15% 13% 

Proportion participation by  
Father, Mother, Children  

in gleaning vs fishing: 

Gleaning: 49%, 30%, 20% 
Fishing: 74%, 9%, 17% 

Gleaning: 45%, 37%, 17% 
Fishing: 76%, 4%, 20% 

Proportion women day gleaners  61% 71% 

Socio-economic Indicators   

Quality of life indicator, Mdn 3 4 

Fishers who owned their boats 73% 58% 

Proportion of fishers who kept 
catch for home consumption, 

Mean kg kept (SD)  

12%, 0.68 (0.40) 46%, 1.0 (0.79) 

Primary source of HH income salary (76%), fishing (24%) fishing (54%), salary (25%), farming (21%) 

Secondary source of HH income gleaning (63%), salary (38%) farming (65%), salary (21%), gleaning (7%) 

Importance of gleaning vs fishing 
for household income, Mdn 

Gleaning: 5  
Fishing: 5 

Gleaning: 4 
Fishing: 5 

Gleaning contribution to HH 
income 

66% 22% 

Proportion where catch sold: 
Local, Municipal, Regional 

79%, 21%, 0% 96%, 3%, 11% 
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Fig. 4.1: Locations of a the Philippine islands, and seagrass fishery sites in b Gulod, Calatagan and c Buagsong, Cebu. Basemap 

Source: World Imagery. 
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Fig. 4.2. Total biomass landed and value of catch for four fish clusters in Buagsong out of 608 landings, 28 observation days between 

June and September, 2013.  Figure shows relative importance of various catch items in the seagrass fishery. Refer to Table 4.3 for 

membership of fish cluster. 
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Fig. 4.3. Total biomass landed and value of catch for six fish clusters in Gulod out of 454 landings, 24 observation days between June 

and September, 2013.  Figure shows relative importance of various catch items in the seagrass fishery. Refer to Table 4.3 for 

membership of fish cluster. 

 



   

 

 

1
0
5
 

Appendices 

Appendix Table 2.1. Canonical Correlation Analysis data table 

Site Island 

Island 
area 

(km2) Region Lat Long Protection MPA 
Large 
MPA 

Old 
MPA 

Agutaya Agutaya 0.08 Bulata   9°51'44.01"N 122°23'12.61"E TPA 0 0 0 

St_Tropez Balesin 4.24 Balesin  14°25'44.64"N 122° 2'29.82"E MPA 1 1 0 

Mykonos Balesin 4.24 Balesin  14°26'24.51"N 122° 2'14.12"E MPA 1 1 0 

BOQ_St1 Boquete 0.86 
Puerto 
Galera  13°31'5.85"N 120°57'3.65"E TPA 0 0 0 

CAL_KAM Luzon 109964 Calatagan  13°50'3.77"N 120°37'0.66"E None 0 0 0 

CAL_PIER Luzon 109964 Calatagan  13°49'16.18"N 120°37'13.94"E None 0 0 0 

CAL_PAG Luzon 109964 Calatagan  13°47'49.45"N 120°40'25.21"E TPA 0 0 0 

CAL_PAG Luzon 109964 Calatagan  13°48'44.50"N 120°39'56.95"E None 0 0 0 

CAM_St1 Camantilis 0.12 Pangasinan  16°11'24.49"N 120° 2'46.69"E TPA 0 0 0 

CAM_St2 Camantilis 0.12 Pangasinan  16°11'25.10"N 120° 2'57.44"E TPA 0 0 0 

Cebu_St1 Gapas Gapas   Cebu  10°15'30.17"N 123°54'53.21"E MPA 1 0 0 

Hilutungan Hilutungan 0.14 Cebu  10°12'37.15"N 123°59'16.51"E TPA/MPA 1 0 1 

Nalusuan Nalusuan   Cebu  10°11'25.40"N 123°59'59.93"E MPA 1 0 1 

HilutunganVil Hilutungan 0.14 Cebu  10°12'34.34"N 123°59'24.68"E None 0 0 0 

Sangat Sangat 5.30 Coron  11°58'42.10"N 120° 3'43.60"E TPA 0 0 0 

Decalve Busuanga   Coron  11°59'38.71"N 120° 5'5.71"E MPA 1 0 1 

MalcatopE Malcatop East 0.21 Coron  12° 1'11.28"N 119°55'3.43"E None 0 0 0 

MalcatopW 
Malcatop 
West 0.84 Coron  12° 2'5.68"N 119°54'34.74"E TPA/MPA 1 0 1 

BugurMPA Bugur 0.14 Coron  11°54'56.02"N 120° 2'15.04"E TPA/MPA 1 1 1 

Ditaytayan Ditaytayan 0.92 Coron  11°43'57.65"N 120° 6'17.28"E TPA/MPA 1 0 0 
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Tanglaw Bulalacao   Coron 11°45'59.69"N 120° 8'11.51"E MPA 1 0 0 

Bulalacao Bulalacao   Coron  11°44'43.44"N 120° 9'42.66"E None 0 0 0 

MonteMar Culion   Coron  11°48'18.11"N 120° 3'11.12"E TPA 0 0 0 

BambooBr Danjugan   Bulata   9°52'35.04"N 122°22'48.18"E TPA/MPA 1 1 1 

ThirdLagoon Danjugan   Bulata   9°52'17.13"N 122°22'45.89"E TPA/MPA 1 1 1 

TurtleBeach Danjugan   Bulata   9°52'26.45"N 122°22'37.59"E TPA/MPA 1 1 1 

TabonBeach Danjugan   Bulata   9°52'11.84"N 122°22'31.98"E TPA/MPA 1 1 1 

DEW St1 Dewey 0.15 Pangasinan  16°24'29.68"N 119°57'35.58"E None 0 0 0 

DEW St2 Dewey 0.15 Pangasinan  16°24'30.08"N 119°57'50.36"E None 0 0 0 

Governor Governor 0.08 Pangasinan  16°12'15.93"N 120° 2'22.31"E MPA 1 1 1 

MDA M Daku   Sagay  10°57'14.29"N 123°33'44.54"E MPA 1 1 1 

MDI M Diuytay 0.24 Sagay  10°57'43.48"N 123°32'45.90"E MPA 1 1 1 

Medio Medio 0.94 
Puerto 
Galera  13°31'14.68"N 120°57'18.52"E TPA/MPA 1 1 1 

OLY_St1 Olympia   Bais   9°37'2.93"N 123° 8'54.32"E None 0 0 0 

OLY_St2 Olympia   Bais   9°36'49.94"N 123° 8'46.84"E None 0 0 0 

PD Pulong Daku   Bais   9°35'10.12"N 123° 9'22.89"E MPA 1 0 0 

Boquete Boquete 0.86 
Puerto 
Galera  13°30'43.90"N 120°56'52.75"E TPA 0 0 0 

NMedio Medio 0.94 
Puerto 
Galera  13°31'39.22"N 120°57'21.02"E TPA 0 0 0 

WBoquete Boquete 0.86 
Puerto 
Galera  13°30'35.75"N 120°56'44.16"E None 0 0 0 

PiratesCove Mindoro 10572 
Puerto 
Galera  13°30'26.39"N 120°57'40.79"E MPA 1 1 1 

SMedio Medio 0.94 
Puerto 
Galera  13°31'1.31"N 120°57'28.04"E MPA 1 1 1 

SchoolMedio Medio 0.94 
Puerto 
Galera  13°31'1.99"N 120°57'33.55"E None 0 0 0 
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LittleLaLagun
a Mindoro 10572 

Puerto 
Galera  13°31'28.50"N 120°58'12.88"E MPA 1 1 1 

Guilid Mindoro 10572 
Puerto 
Galera  13°30'46.63"N 120°57'49.68"E TPA/MPA 1 1 1 

Quezon Quezon 0.01 Pangasinan  16°13'21.39"N 120° 2'48.12"E MPA 1 1 1 

Sabang Mindoro 10572 
Puerto 
Galera  13°31'15.22"N 120°58'31.36"E None 0 0 0 

Shell Shell 0.01 Pangasinan  16°11'41.24"N 120° 2'47.08"E TPA 0 0 0 

SIA_St1 Siapar 2.60 Pangasinan  16°22'4.12"N 119°57'42.98"E None 0 0 0 

SIL_GC Silaqui 0.10 Pangasinan  16°26'37.99"N 119°55'18.42"E None 0 0 0 

SIL_St1 Silaqui 0.10 Pangasinan  16°26'25.19"N 119°55'25.42"E TPA 0 0 0 

SIL_St2 Silaqui 0.10 Pangasinan  16°26'26.64"N 119°55'19.55"E TPA 0 0 0 

SIL_St3 Silaqui 0.10 Pangasinan  16°26'35.23"N 119°55'30.25"E TPA 0 0 0 

Suyac Suyac 0.02 Sagay  10°56'56.28"N 123°27'17.74"E None 0 0 0 

Turtle Turtle 1.36 Bulata   9°49'46.89"N 122°21'58.68"E TPA 0 0 0 
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Appendix, Table 4.1. Landing survey datasheet
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Appendix, Table 4.2. Fisher survey datasheet 
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Appendix, Table 4.3. Household survey datasheet. HH = household. 

Source of income % from each source Who in HH participates? 

Fisher - Pamamanti   

Gleaner – Nag-sikad   

Reef fisher    

Open ocean -Laot   

Market seller   

House to house seller   

Farmer – own land   

Farmer – harvest / plant   

Salaried employment   

 

Rank 1 2 3 4 5 

Importance of gleaning for home consumption      

Importance of fishing for home consumption      

Importance of gleaning for income      

Importance of fishing for income      

 

Fishing gear Own? Vehicle used to travel site Do you own it? 

No boat  Bicycle  

Paddle boat  Tricycle  

Motorized boat  Motorbike  

Gillnet  Other:  

Seine net    

Hand line    

Spear gun    

Pelagic net/lines    

Other:    

 

Check if you 

had these  

Land line, 

cellphone 

Electricity Running 

water  

Pump 

well 

Septic 

tank 

      

 

Standard of living 

indicator 

Transportation: 

bicycle, tricycle, 

motorbike, car 

Communication: 

landline, celphone 

Utilities: electricity, 

running water, pump 

well, septic tank 

    

*We gave a point to each HH for transportation (bicycle, tricycle, motorbike, car), 

communication (landline, cellular phone) and utilities (electricity, running water, 

pump well, septic tank); minimum value 0 (HH did not have access to any options) 

and a maximum value of 10 (the HH had all of the options listed). 
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Appendix, Table 4.4. Summary statistics (Mean ± SD) for seagrass meadows surveyed in each fishing community.  

* Seagrass species was found in only one of seagrass meadows surveyed, so only the mean percent cover for that meadow 

is listed.  

Site Total above-
ground 
seagrass 
biomass / m2 

Canopy 
height (cm) 

Total seagrass 
percent cover 

Shannon-
Weiner 
Seagrass 
diversity 
index 

List of seagrass species found (percent 
cover ± SD; biomass/ m2 ± SD) 

Buagsong 
(n=3) 

4.08 ± 1.17 37.16 ± 
12.14 

34.43 ± 24.69 1.61 ± 0.37 Thalassia hemprichii  
(19.97 ± 13.63; 3.29 ± 1.43) 
Halodule uninervis 
 (12.51 ± 13.80; 0.24 ± 0.31) 
Cymodocea rotundata  
(7.48 ± 9.51; 1.14 ± 1.97) 
Syringodium isoetifolium  
(2.76*;0.07 ± 0.12) 
Enhalus acoroides (4.61 ± 2.69; 1.53 ± 0.95) 
Halophila ovalis (4.7*; 0.05 ± 0.08) 

Gulod 
(n=3) 

5.35 ± 3.17 42.90 ± 
12.40 

33.85 ± 29.90 1.72 ± 0.55 Thalassia hemprichii  
(19.47 ± 12.28; 2.15 ± 1.08) 
Halodule uninervis (31.95* ; 1.58 ± 2.73) 
Cymodocea serrulata  
( 17.03 ± 3.50; 0.43 ± 0.74) 
Cymodocea rotundata  
(6.85 ± 8.63; 0.52 ± 0.79) 
Syringodium isoetifolium (9.4*; 0.41 ± 0.70) 
Enhalus acoroides (5.21 ± 1.48; 3.93 ± 0.61) 
Halophila ovalis (5.94 ± 2.98; 0.29 ± 0.32) 
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Appendix, Table 4.5. Fishers’ preferred catch, underwater fish surveys and actual fish catch. Data for preferred catch 

were reported by fishers during the in-depth fisher interviews. Data for actual fish caught came from landing surveys. 

Family of fish and Class of Invertebrates surveyed came from underwater surveys. 

Site  Family of 
preferred 
catch from 
fisher 
interviews 

Family of actual fish caught 
(proportion of total biomass landed) 

Family of Fish surveyed 
(proportion total 
biomass observed)  

Class of Invertebrates 
surveyed  
(proportion total 
counts) 

Buagsong Muraenidae 
(70%) 
Holothuroidea 
(18%) 
Haliotidae (7%) 
Siganidae 
(2.5%) 
Lutjanidae 
(2.5%) 
 

Muraenidae (64%) 
Holothuroidea & Haliotidae (18%) 
Siganidae (9%) 
Trochidae / Haliotidae (7%) 

Siganidae (41%) 
Plotosidae (17%) 
Apogonidae (14%) 
Ophichthidae (7%) 
Pomacentridae (6%) 
Nemipteridae (3%) 
Scaridae (3%) 
Labridae (3%) 
MISC (6%) 

Ascidacea (62%) 
Polychaeta (15%) 
Stelleroidea (5%) 
Asteroidea (4%) 
Malacostraca (4%) 
Scyphozoa (4%) 
Echinoidea (2%) 
Anthozoa (1%) 
MISC (3%) 

Gulod Siganidae 
(40%) 
Holothuroidea 
(15%) 
Paenidae (10%) 
Portunidae 
(8%) 
Loliginidae 
(6%) 
Lutjanidae (5%) 
Gerreidae (5%) 

Siganidae, Leiognathidae, 
Lethrinidae, Gobiidae (50.8%) 
Portunidae (20.6%) 
Veneridae, Trochidae, Rostellariidae, 
Mytilidae (19.9%) 
Mugilidae, Siganidae, Apogonidae, 
Gobiidae, Mullidae (17.8%) 
Loliginidae, Plotosidae, Belonidae, 
Siganidae, Octopodidae (13.1%) 
Lethrinidae, Mullidae, Labridae, 
Carangidae (10.2%) 
Penaeidae (7.5%) 

Atherinidae (38%) 
Plotosidae (20%) 
Apogonidae (18%) 
Muraenidae (4%) 
Pinguipedidae (3%) 
Tetraodontidae (2%) 
Labridae (2%) 
Monacanthidae (1.8%) 
Siganidae (1.6%) 
Scorpaenidae (1.3%) 
Gobiidae (1.4%) 
Pomacentridae (1%) 

Anthozoa (88%) 
Echinoidea (8%) 
Holothuroidea (2%) 
MISC (2%) 
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Trochidae / 
Mytilidae / 
Caesionidae / 
Veneridae  / 
Plotosidae 
(11%) 
 

MISC (6%) 
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Appendix, Table 4.6. Seagrass catch Family table, including site, habitat caught and gear used. Data collected from the 

landing surveys of Buagsong and Gulod during the Habagat between June and September, 2013. Only catch items that 

composed the top 90% of the biomass caught are reported here. Fish clusters are groupings of commonly caught fish or 

invertebrate assemblages calculated from the kRCLUSTER routine in PRIMER v.7. Fishers reported where each catch was 

harvested from at each landing site we report habitat caught (seagrass, coral) for each Family.                                                                                                                                                                                                                                                                                                                                                                                  

Site Catch (Family) Catch (Common name) Number of 

times caught in 

seagrass 

Number of 

times caught 

in coral reefs 

Gear used 

Buagsong Holothuroidea Balat 150 35 Bubo, Ilaw, Sikad, 

Pamamanti 

Buagsong Siganidae Danggit/ Kitong 20 5 Bubo, Ilaw, 

Pamamanti 

Buagsong Haliotidae Kapinan 33 121 Bubo, Ilaw, Sikad, 

Pamamanti 

Buagsong Portunidae Kayung-kom 8 3 Pamamanti, Bubo 

Buagsong Labridae Labayan 4 3 Bubo, Pamamanti 

Buagsong Serranidae Lapu-lapu 0 47 Pamamanti 

Buagsong Veneridae Litog 5 0 Bubo 

Buagsong Muraenidae Sangitan 337 5 Pamamanti 

Buagsong Strombus, Trochus Sikad 113 59 Pamamanti 
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Buagsong Scrombridae Tolingan 5 0 Bubo 

Gulod Siganidae Cuyog / Lambangin / Samaral 399 0 Pamamanti, Bubo, 

Ilaw, Sikad 

Gulod Lethrinidae Lukso 238 158 Sikad, Ilaw, Laot, 

Pamamanti, Bubo 

Gulod Portunidae Alimango_batu / Alimasag / 

Kayung-kom 

273 4 Bubo, Pamamanti 

Gulod Strombus, Trochus Sikad                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   113 59 Bubo, Ilaw, Sikad, 

Pamamanti 

Gulod Penaeidae Hipon 164 0 Bubo, Ilaw, Sikad, 

Pamamanti, Baklad 

Gulod Labridae Purak / Kastila 16 134 Sikad, Ilaw, Laot, 

Pamamanti 

Gulod Gobiidae 

 

Palo 127 0 Bubo, Ilaw, 

Pamamanti, Laot 

Gulod Plotosidae Sumbilang 94 0 Baklad, Ilaw, 

Pamamanti 

Gulod Carangidae Kasisi 0 91 Ilaw, Laot, 

Pamamanti 
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Gulod Loliginidae Pusit 86 0 Pamamanti, 

Baklad, Ilaw 

Gulod Mullidae Manitis 25 60 Sikad, Ilaw, Laot, 

Pamamanti 

Gulod Mugilidae Aligasin / Banak 83 0 Pamamanti, Ilaw, 

Bubo 

Gulod Holothuroidea Balatan 70 0 Bubo, Ilaw, Sikad, 

Pamamanti 

Gulod Gerreidae Kambray 54 0 Pamamanti, Sikad, 

Laot 

Gulod Veneridae Kamo't_pusa 52 0 Bubo, Ilaw, Sikad, 

Pamamanti 

Gulod Serranidae Lapu-lapu 0 47 Sikad, Ilaw, Laot 

Gulod Belonidae Katchawang 39 0 Pamamanti, Ilaw, 

Baklad, Sikad 

Gulod Mytilidae Tahong 34 0 Pamamanti, Sikad, 

Ilaw 

Gulod Apogonidae Dangat 31 1 Laot, Pamamanti 

Gulod Rostellariidae Suso 30 0 Sikad, Bubo, Ilaw 
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Appendix, Table 4.7. Yearly seagrass catch table broken down to fish cluster. Number 

of trips per week calculated from in-depth fisher interviews in Gulod M = 5.67 and in 

Buagsong M = 8.36. 

Fish cluster Site Biomass 

(kg/yr) 

% catch / yr Value ($) / yr 

A - Penaeidae Gulod 1435.87 5% 14,173.35 

B - Siganidae, Leiognathidae, 

Lethrinidae, Gobiidae 

Gulod 10,587.70 37% 11,292.83 

 

C - Loliginidae, Plotosidae, 

Belonidae, Siganidae, 

Octopodidae 

Gulod 2966.09 10% 6,524.35 

D – Portunidae / Holothuridae Gulod 4048.15 14% 10,403.46 

E - Veneridae, Trochidae, 

Rostellariidae, Mytilidae 

Gulod 6362.65 

 

22% 6,363.43 

F - Mugilidae, Siganidae, 

Apogonidae, Gobiidae, 

Mullidae 

Gulod 3461.42 12% 4,230.63 

G - Holothuroidea, Haliotidae Buagsong  3199.54 10% 10,658.75 

H - Muraenidae Buagsong 23,905.25 76% 43,028.01 

I - Siganidae Buagsong 2916.97 9%  5,702.85 

J - Trochidae, Haliotidae Buagsong 1456.31 5% 3,423.47 
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Appendix Table 4.8. Daily fisher catch in seagrass and coral reef habitat. Shows 

importance of seagrass versus coral reef fisheries to individual fishers in Buagsong and 

Gulod combined. Values are means and standard deviation in parentheses. Data from 

landing observations (n = 1,891). 

 Seagrass fisheries Coral reef fisheries 

Price per kg (US$) 2.75 (2.54) 1.87 (0.38) 

Mean biomass caught / person/ day (kg)  4.65 (4.09) 3.91 (2.68) 

Daily Catch per Unit Effort (CPUE) kg/day 1.05 (1.65)  0.57 (0.36) 

Mean Value of catch per day per fisher 

(US$) 

8.53 (6.99) 6.74 (4.11) 

Mean overhead cost per day (US$)  0.71 (1.11) 1.63 (1.31) 
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Appendix Figure 4.1. Mean daily proportions of gear type observed during Landing 

surveys in Habagat in Buagsong and Gulod. 
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Appendix Figure 4.2. Proportion participation in seagrass fishing (defined by using 

boats and nets) versus seagrass gleaning (walking in the intertidal) in Buagsong and 

Gulod by household members. 
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