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Abstract 

Mangrove ecosystems in the Philippines have suffered from severe degradation attributable 

to the aquaculture industry during the last century, which has led to acute deterioration of the 

diverse flora and fauna communities and a plethora of wide-ranging subsequent ecological 

and economical impacts.   The remaining 35% of forests are now fully protected by national 

laws, however mounting pressure from an escalating human population and rising sea levels 

are increasing threats.  It is now more crucial than ever to present sound scientific evidence to 

encourage mitigation of a new sustainable direction for aquaculture, effective law 

enforcement and rehabilitation schemes.  

This study directed its focus on two economically important areas of research; the production 

and protection of milkfish ponds in the Municipality of Ajuy, Panay Island.  Key response 

variables analysed were the harvest volume and breaching of pond dikes by utilising 

interview data on milkfish pond management and community structure measures of adjacent 

mangrove forests. 

A multiple regression analysis revealed a significant positive correlation between harvest 

volume and mangrove area (p=0.014), supporting the hypothesis that mangrove ecosystems 

significantly improve extensively farmed milkfish pond production.  Pond production was 

also a significant function of pond drying time (negative correlation at p=0.040) and organic 

fertiliser (positive at p=0.047).   

A general linear model with Gamma errors showed the protection response variable time 

since the last dike breaching to be significantly positively correlated with mangrove width 

(p=0.029), which may be attributed to an almost significant reduction in proportion of 

breaching caused by wave action (p=0.053).   

These important findings have identified key areas for future research, and can be utilised to 

encourage mangrove conservation and rehabilitation and mangrove friendly aquaculture 

schemes both locally within Panay and worldwide.     

 

 

Word count: 14,909 
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1.0 Introduction  

Worldwide mangrove ecosystems have been decimated as a result of economic progress and 

pressure from an increasing human population (Primavera 2006).  The effects of this can be 

seen most clearly in South-east Asia with the development of brackish water ponds 

(Primavera 1995; Primavera 2006), along coastlines in many of the 7,100 islands constituting 

the Philippine Archipelago (Primavera and Esteban 2008).  Approximately half of the 80% 

deforested mangrove forests have been cleared for aquaculture (Primavera 1995; Primavera 

2006) leaving much of the coastline exposed to the twenty-or-so annual typhoons (Primavera 

1995) and a significant deficit of the plethora of ecosystem services provided to the local 

communities, and flora and fauna that previously flourished in these once productive habitats 

(Primavera 1995). 

 

It is now the 11
th
 hour for what little remains of these invaluable ecosystems, however lack of 

funding and resources, powerful lobbying parties, conflicting policies, poor law enforcement 

and corrupt governments inhibit the vital progress of mangrove protection and rehabilitation 

(Primavera 2000).  The only remaining option is to mitigate a way forward to benefit both 

mangroves and economic development, and to do this the scientific community must provide 

evidence convincing the Government and other stakeholders of their importance.   

 

Numerous reviews describe the protective function of mangroves buffering adjacent 

coastlines against storms (Gilbert and Janssen 1998; Rönnbäck 1999; Barbier, Koch et al. 

2008; Walters, Rönnbäck et al. 2008; Polidoro, Carpenter et al. 2010), and communities as 

long ago as the 1930s implemented replanting schemes for this purpose (Primavera 2000).  

Although, their protection was not legislated until the 1980s, and prior to this citizens were 

actively encouraged to remove these ñwastelandsò for more profitable economic ventures 

(Martinez, Tseng et al. 2006).   

 

A minority of communities in South-east Asia integrate mangroves conservation and 

aquaculture development in a practice known as mangrove friendly aquaculture (MFA).  The 

extent and purpose of MFA varies throughout the region, and in total there are six MFA 

systems; traditional (shrimp producing) gei wai in Hong Kong and tambak (for fish and 

timber) in Indonesia; silvofisheries in Indonesia (to prevent forestry-fisheries conflict); mixed 

shrimp-mangrove systems in Vietnam and; aquasilviculture (of fish and mud crabs) in the 
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Philippines and Malaysia (Primavera 2000).  The extent of MFA in the Philippines is still 

fairly limi ted, and many pond operators (in Ajuy) are adverse to the concept (Jaworska 2010). 

There have been very few studies documenting the benefit of mangroves on aquaculture 

production (functioning as a waste effluent treatment service (Primavera, Altamirano et al. 

2007) and through provision of nutrient-rich waters (Rönnbäck 1999; Focken, Marte et al. 

2000; Polidoro, Carpenter et al. 2010)), and this could be an effective tool for advertising 

their importance to the industry and policy makers. 

Therefore, this projectôs focus is to portray the benefits of mangrove ecosystems on fish pond 

production in the Philippines, specifically in the island of Panay, Region VI.  Panay is among 

the first areas where fish pond development was introduced, and is in the most extensively 

developed regions for aquaculture in the country (Primavera 1995).   

 

Results will be utilised by ZSL Iloilo  for future meetings with Government departments (the 

Bureau of Fisheries and Aquatic Resources (BFAR) and the Department of Natural 

Resources (DENR)) involved in mangrove protection and restoration, and the aquaculture 

industry.  Hopefully this will aid attempts to improve law enforcement and encourage 

rehabilitation of the large proportion of abandoned and underutilised ponds in the region 

(Primavera and Esteban 2008) back to their former ecosystems. 

 

Mounting pressure from escalating coastal populations and rising sea levels are threatening 

the survival of the few remaining mangrove forests (Walters, Rönnbäck et al. 2008), 

highlighting the extreme urgency of this research before the 120,000 hectares of natural forest 

constituting some of the most diverse mangrove ecosystems in the world ((Primavera, 

Altamirano et al. 2007; Polidoro, Carpenter et al. 2010), become nothing more than a distant 

memory.  

 

1.1 Aims and Objectives 

 

1.1.1 Aims 

 

The aim of this research is to contribute evidence supporting mangrove protection, 

rehabilitation and MFA in the Philippines by uncovering any benefits mangrove ecosystems 



12 
 

convey to adjacent extensively farmed milkfish ponds.  To achieve this the project will have 

two key focuses; i) pond productivity, and; ii) protection. 

  

1.1.2 Objectives 

 

1) Identify enhancements in fish pond productivity as a result of mangrove ecosystem 

services. 

2) Assess the level of protection conferred to fish ponds by adjacent mangrove stands. 

 

It is anticipated that the results of this study will support mangrove legislation, protection, 

replanting and MFA development schemes in Panay and at a more local scale within the 

Municipality of Ajuy. 

 

1.1.3 Hypotheses 

 

H1 = Mangrove ecosystems significantly improve production of adjacent milkfish ponds. 

H2 = There exists a significant correlation between the area of a mangrove stand and the level 

of protection it confers to adjacent milkfish ponds.  

 

1.2 Thesis Structure Overview 

 

Section 2 provides a detailed overview of the importance of mangrove ecosystems, the past, 

present and future of the aquaculture industry in the Philippines and its implications and 

impact on mangrove forests and vice versa.  Mangrove legislation and controversies 

surrounding their protection are also discussed, including how this project acknowledges a 

key gap in research which will hopefully benefit vital improvements in attitudes and law 

enforcement of; mangrove protection, mangrove rehabilitation, MFA and fish pond licensing. 

 

Section 3 depicts the methods utilised for social and ecological data collection in the field, 

and statistical analysis of the collated results. 

 

Section 4 details the results obtained from the statistical analyses, including summarised 

tables and graphical representations of key findings. 
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Section 5 discusses these findings in relation to the current literature, any future implications 

for conservation that can be surmised and how the results can benefit and guide policy 

amendments.  Strengths and limitations of the project shall also be highlighted and 

scrutinised, and recommendations for future work shall be made. 

2.0 Background 

 

2.1 Mangroves 

 

2.1.1 Mangroves and Ecosystem Services 

 

Mangroves are unique forest ecosystems that grow in the intertidal habitat of tropical and 

subtropical regions (Janssen and Padilla 1999) and are extremely important, both ecologically 

and economically (Holguin, Vazquez et al. 2001).  They provide a plethora of ecosystem 

services benefiting the surrounding environment and human populations locally and further 

afield.   

 

Their complex above-ground root systems offer an ideal habitat for fish and shrimp fry (as 

nurseries with reduced predation levels (Manson, Loneragan et al. 2005)), and sedimentary 

organisms, thereby benefiting local fisheries.  The trees and roots are extremely effective at 

trapping and stabilising sediment, and retarding wave action and water flow, all of which 

contribute to their water quality control, erosion control, flood mitigation and storm 

protection properties (Gilbert and Janssen 1998; Janssen and Padilla 1999; Rönnbäck 1999; 

Ronnback, Troell et al. 2003).  As mangrove environments develop in complexity, the greater 

these benefits become (Manson, Loneragan et al. 2005).  The biological production of flora 

and fauna is utilised by humans in numerous ways, for example for food (e.g. 600kg each of 

fish and shrimp per hectare of mangrove (Primavera 2000)), wine, livestock fodder, tannins, 

medicines, dyes, timber for; charcoal, firewood, construction of homes, furniture and fishing 

equipment, which are often the only means of income for many coastal communities 

(Primavera 1995; Primavera 2000; Primavera 2006).  Mangroves also act as carbon sinks, 

both in their wood but more so in the layers of sediment which store large amounts of organic 
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carbon, up to one order of magnitude greater than that found in other tropical forests (Bosire, 

Dahdouh-Guebas et al. 2008).   

 

There is considerable controversy over the economic valuation of these services, partly due to 

the fact that many functions such as water quality control and flood mitigation are extremely 

difficult to estimate (Primavera 2006).  Valuations range between US$10 ï 4,000 per hectare 

per year for forestry products and US$775 - 11,282 per hectare per year for fishery products 

(Primavera 2000) totalling US$1.65 trillion per year when combined with tidal marshes 

(Primavera 2006). 

  

2.1.2 Mangroves in the Philippines 

 

35% of the worldôs mangrove forests are found in South-east Asia, and 36-46 of the global 

total of 70 mangrove species can be found in the Indo-Malay Philippines Archipelago, 

earning its title as the most biodiverse mangrove region worldwide (Primavera 1995; 

Polidoro, Carpenter et al. 2010).  The Philippines alone supports 15 families and 30-40 

species of major and minor mangroves (Primavera and Esteban 2008).   

 

70-80% of these important and diverse ecosystems in the Philippines have been cleared as a 

result of human activity and the opinion that they are no more than ñwastelandsò, a belief 

which was ingrained in policy up until 1984 (Primavera 2000; Martinez, Tseng et al. 2006).  

Although this devastating loss is not confined to the Philippines, as globally more than one 

third of mangroves have been lost (from 19.8 million hectares in 1980 to 14.7 million 

hectares) (Primavera 2006; Bosire, Dahdouh-Guebas et al. 2008).  Due to expansion of the 

human population in the Philippines from 10.3 million in 1918 (Primavera 2000) to 99.9 

million in 2010 (Central Intelligence Agency n.d.), and aquaculture pond development, in 

excess of half a million hectares of mangrove have been reduced to 120,000 hectares in the 

timeframe of 76 years (Primavera 2000) (see Figure 2.1.2.1).  Approximately half of this loss 

can be attributed to the development of 95% of brackish water ponds from 1951 to 1988 

(Primavera 1995; Primavera 2000; Primavera, Altamirano et al. 2007; Primavera and Esteban 

2008).  Such  a significant decrease in mangrove quality and quantity has disastrous impacts 

on their ecosystem functioning, and resultant decreasing conditions such as sediment 
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instability, feedback into the system accelerating their deterioration (Gilbert and Janssen 

1998). 

 

 

 

Figure 2.1.2.1: The top graph displays the rise in human population from 1918 to 1995 and a 

corresponding decrease in mangrove habitat in the Philippines (Primavera 2000).  The graphs 

below (A and B) show a clear correlation between mangrove loss and a rise in aquaculture 

production in the Philippines from the mid-1970s to late 1990s (Primavera 1997). 
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2.2 Aquaculture 

 

2.2.1 History 

 

The concept of fish farming was first introduced to the Philippines around 400 years ago, 

although historical records show it had been practiced in Indonesia for at least 300 years prior 

to this (Lee, Leung et al. 1997).  The typically farmed species in South-east Asia is milkfish 

(Chanos chanos or óbangusô), a native tropical marine species and the national fish of the 

Philippines (Lee, Leung et al. 1997; Martinez, Tseng et al. 2006).  The majority of its 

production supplies the national market acting as the largest contributor of animal protein, 

rather than for international export (Focken, Marte et al. 2000).  Its fast growth and high 

tolerance to a wide range of environmental conditions (i.e. temperature and salinity (Alava 

1998)), handling and disease make it an ideal species to farm (Martinez, Tseng et al. 2006).  

Alongside fish farming, shrimp farming was also a significant contributor to the widespread 

loss of mangroves, particularly during the 1980s shrimp industry boom (Primavera 1995).    

 

The sudden rise in aquaculture during the mid-20
th
 century (see Figure 2.1.2.1), peaking at 4-

5,000 hectares of pond construction per year (Primavera 2000) was aided by international 

funding in the form of loans from multilateral development agencies such as the World Bank, 

Asian Development Bank and the International Bank for Reconstruction and Development 

(who donated a total of US$23.6 million in 1950, US$368 million in 1978-1984, and US$910 

million in 1988-1993 for aquaculture aid), and subsequent government loans to pond owners 

(Primavera 2000).   

 

In 2007 the Philippines was ranked as the 8
th 

top fish producing country in the world, 

contributing 3.02% of total global production.  Until 1995 the Philippines was the largest 

producer of milkfish, and together with Indonesia and Taiwan supplies 99% of the worldôs 

cultured fish (Focken, Marte et al. 2000).  Production is still growing (reaching a 5% yearly 

increase in 2008) as a result of increased intensification of farming (from 350kg per hectare 

per year in 1955 to almost 1,279kg in 1990), and in Panay more than 98% of aquaculture 

production is from fish ponds (Bureau of Fisheries and Aquatic Resources 2008). 

Aquaculture contributes a total of 2.3-4.3% of the Philippineôs Gross Domestic Products 
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(Bureau of Fisheries and Aquatic Resources 2008), and is therefore a vital industry to the 

countryôs economy. 

 

2.2.2 Management 

 

Milkfish are farmed under three management intensities, classified according to their inputs 

(i.e. fertilisers, feeds, antibiotics, pesticides, and aeration devices) and stocking densities 

(Stevenson, Irx et al. 2003; Martinez, Tseng et al. 2006).  Intensively and semi-intensively 

farmed ponds stock between 8,000-30,000 fry per hectare, and extensive ponds stock 1,500-

6,000 fry per hectare (Sumagaysay-Chavoso and San Diego-McGlone 2003).  It costs four 

times more to rear fry in an intensive system compared to extensive due to the increased 

labour and development costs, and it is therefore often more beneficial to farm milkfish semi-

intensively (Lee, Leung et al. 1997; Janssen and Padilla 1999; Stevenson, Irx et al. 2003).  

The majority of fish ponds in Panay, and particularly the Municipality of Ajuy are 

extensively farmed (Jaworska 2010; Primavera 2010).   

 

Extensive milkfish ponds feed their fry exclusively on a diet of two types of algae, known 

locally as ólablabô and ólumotô (see Figure 2.2.2.1).  These contains a variety of blue-green 

algae (or cyanobacteria), nematodes, copepods and small crustacea (Bagarinao and Lantin-

Olaguer 2000; Primavera 2010).  Algae is grown prior to stocking the pond with fry by 

applying organic and inorganic fertiliser (Sayeed, Alam et al. 2007) (typically chicken 

manure and urea (Jaworska 2010)) to the bottom of a dry pond, then allowing water to enter 

to the depth of approximately 5cm.  Algae begin to grow within a few days and the fry are 

stocked once it covers the entire pond surface (Bagarinao and Lantin-Olaguer 2000).  
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Figure 2.2.2.1: A picture showing algae being cultivated in an extensively farmed milkfish 

pond in preparation for a new harvest. 

 

In more intensively farmed fish ponds additional feed (consisting of fish meal, fish oil, ótrashô 

(raw) fish (Primavera 2006), rice brain and bread crumbs) is utilised to compensate for the 

greater number of stocked fry.  Fish are typically fed 2-4% of their body weight depending on 

their size (decreasing with an increase in size), and studies have shown that feeding above 4% 

increasing pond pH, total ammonia, nitrogen, and phosphorus concentrations and decreases 

the dissolved oxygen (DO) content of the water, all of which increase fish mortality as well 

as damaging the surrounding environment due to the release of toxic wastes (Sumagaysay 

1998). 

 

2.2.3 Pests 

 

One of the major pests present in milkfish ponds is a small snail Cerithidea cingulata, 2-

40mm shell length (see Figure 2.2.3.1), which naturally occurs at low densities (1-470 per 

m
2
) in mangrove forests.  Due to a lack of predators, stagnant waters and high nutrients 

content in brackish water ponds a phenomenon known as óecological releaseô occurs, 

whereby there is a population explosion (100-5000 per m
2
) uncontrolled by normal ecological 
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mechanisms.  This is further enhanced by the ability of snails to withdraw into their shells 

until the harsh environment becomes more favourable (Bagarinao and Lantin-Olaguer 2000).  

It has been reported that large snail populations compete with fish for DO, nutrients and 

space, and increase concentrations of ammonia and sulphide when they rot, further 

decreasing the DO supply.  This has led some farmers to claim that snails reduce harvest 

yields by up to 60% (Bagarinao and Lantin-Olaguer 2000).  Previously operators used 

triphenyltin (TPT) compound molluscicides to control populations, however these non-

biodegradable chemicals have since been banned because of their toxicity to humans, 

bacteria, algae, invertebrates and fish (Coloso and Borlongan 1999; Bagarinao and Lantin-

Olaguer 2000; Primavera 2006).  Other reviews state that the snails improve pond quality by 

treating pond waste (i.e. eating bacteria, excess feed and organic matter) and their egg strings 

and faeces provide additional fish feed, therefore there is some controversy on their overall 

effects (Bagarinao and Lantin-Olaguer 2000). 

 

 

Figure 2.2.3.1: Snail (C. cingulata) shells removed from a dried pond bottom in Ajuy.  

Milkf ish ponds are commonly lined with piles of these shells that are periodically removed 

between harvests. 

           

An additional method for killing snails is to dry the pond between harvests.  Pond drying is 

also essential to oxygenate the soil and release built-up toxic gases (from organic and 

inorganic matter), all of which enhance algae growth and pond productivity (Masuda and 

Boyd 1994; Boyd, Wood et al. 2002).        
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2.2.4 Impacts 

 

The use of fertiliser and additional feed in aquaculture ponds creates nutrient loading (i.e. 

high levels of suspended solids, nutrients and organic matter) of effluent waters into 

surrounding mangroves (Primavera 1995; Sumagaysay-Chavoso and San Diego-McGlone 

2003) (see Figure 2.2.4.1).  This can have a positive effect on the ecosystem, as Primavera, 

Altamirano et al. (2007) found that increased nitrogen in adjacent mangrove waters improved 

Nipa palm (Nypa fruiticans) seedling growth.  Similar results were obtained from a study by 

Boto and Wellington (1983) who showed that litter production and decomposition are 

enhanced with additional input of nitrogen into the mangrove forest.  However once the 

recommended mangrove:pond ratio threshold (of 4:1 hectares) is exceeded (see Section 

2.3.1) nutrient loading has negative effects on the ecosystemôs flora and fauna (Primavera, 

Altamirano et al. 2007; Polidoro, Carpenter et al. 2010).  This threshold is dependent on a 

number of factors such as; the magnitude and chemical composition of effluent waters; 

dilution rate and quality of receiving waters (Páez-Osuna 2001); seasonal variation in riverine 

and effluent fluxes and flushing rate of expelled pond waters (Sumagaysay-Chavoso, San 

Diego-McGlone et al. 2004).  Harmful consequences include; reduced light penetration and 

smothering of benthic fauna (Jones, O'Donohue et al. 2001); reduction of water quality 

(Costanzo, O'Donohue et al. 2004; Primavera 2006); bioaccumulation of residues and 

possible alteration of phytoplankton communities, encouraging toxic blooms in the worst 

case scenario (Primavera 2006).  Effects vary according to pond maturity (Costanzo, 

O'Donohue et al. 2004), the size and scale of production and capacity of the receiving waters 

(Páez-Osuna 2001).  This high nutrient loading is expected to more pronounced in intensive 

ponds as a result of greater inputs and stocking densities (Primavera 1995; Stevenson, Irx et 

al. 2003; Martinez, Tseng et al. 2006; Primavera 2006).  However it can be argued that 

extensive ponds are in fact more damaging as their construction demands a wider area of 

mangrove clearance for smaller harvests volumes (Primavera 2010).   
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Figure 2.2.4.1: A picture taken at one of the survey sites in Ajuy during high tide, displaying 

nutrient loading of pond effluent waters into the adjacent mangrove stand. 

 

Other than being the primary cause of destruction of mangrove ecosystems throughout the 

tropics (Janssen and Padilla 1999; Polidoro, Carpenter et al. 2010) and the consequential 

impacts of this, aquaculture has also considerably reduced stocks for artisanal fisheries 

through harvesting of fry and brood stock (gravid females) and damage to bycatch 

(Primavera 2006).   

 

Overall impacts have resulted in; reduced income and food security (Rönnbäck 1999; 

Primavera 2006); salinisation of domestic and agricultural water supplies, and; human rights 

abuse and cases of conflict and violence due to overlapping interests of terrestrial and marine 

livelihoods and disputes over land-ownership.  These are often exacerbated by the 

privatisation of and blocked access to government and public lands and waterways 

marginalising coastal communities or the leasing of the same area of land to two separate 

parties (Primavera 2005; Primavera 2006; Xavier, Stevenson et al. n.d.).   

 

Traditionally fish ponds were stocked with wild seed (fry) collected from mangrove estuaries 

(see Figure 2.2.4.2), however as demand for fry grew exponentionally along with fish pond 
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development and a corresponding decrease in mangrove habitat, wild stocks began to suffer 

and decline (Martinez, Tseng et al. 2006).  The concept of hatchery (captively-reared) fry was 

then introduced to the industry, although this still required collection of wild brood stock, 

further reducing both fish (Rönnbäck 1999) and shrimp (Primavera 2006) populations.  

Producers are now utilising shrimp (Ronnback, Troell et al. 2003) and milkfish (Jaworska 

2010) fry and brood stock imported from other South-east Asian countries such as Thailand, 

which increase; the risk of disease transmission; reduction of wild genetic stock fitness if 

stock escape from ponds, and; mixing of genetically different milkfish populations, of which 

there are at least eight (Rönnbäck 1999; Martinez, Tseng et al. 2006; Primavera 2006) 

resulting in reduced genetic variation.  Wild seed is the preferred choice for operators 

because hatchery fry develop a greater number of deformities (for example of the 

branchiostegal membrane in fish), leading to reduced growth, and higher mortalities (due to 

deformities, parasite infestations, transit and acclimatisation).  However, many operators have 

no choice due to unpredictable and limited supply of wild seed (Martinez, Tseng et al. 2006; 

Jaworska 2010).     

 

 

Figure 2.2.4.2: A local fry collector harvesting wild milkfish seed from a river adjacent to a 

fish pond and mangrove forest. 
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The milkfish industry provides employment for approximately one million people in the 

Philippines (Focken, Marte et al. 2000), and some reviews report that aquaculture is pro-poor 

as it provides inequality reducing jobs for unskilled workers, which constitutes a large 

proportion of their income (Focken, Marte et al. 2000; Stevenson, Irx et al. 2003; Xavier, 

Stevenson et al. n.d.). However the industry is monopolized by a few owners, most of whom 

live away in cities and maintain their pond purely as a means of owning land or for a leisure 

break, resulting in ponds that are under-utilised, poorly managed and that waste land 

(Stevenson, Irx et al. 2003; Xavier, Stevenson et al. n.d.; Yap n.d.) (see Figure 2.2.4.3).  

 

 

Figure 2.2.4.3: An abandoned fish pond in Ajuy, Panay Island. 

 

2.2.5 The Future of Aquaculture 

 

An escalating human population means that demand for milkfish is continuing to rise (Bureau 

of Fisheries and Aquatic Resources 2008) and as mangrove forests are now fully protected 

(Primavera 2000), one of the few remaining options is to increase farming intensification.  

This can be achieved directly by increasing fry stocking density, but also by improving the 
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abundance and survival rate of hatchery fry through expansion and improvement of 

hatcheries (Israel 2000).  The main controversies surrounding these approaches are whether; 

i) fish ponds have the capacity to farm semi-intensively or intensively (i.e. they can afford 

aeration pumps, additional feed and fertiliser), and; ii) the surrounding mangrove ecosystems 

are able to cope with the heightened nutrient load in effluent waters from ponds and hatchery 

farms (Israel 2000), as many are already significantly lower than the estimated required 1.8-

22:1 hectares mangrove:pond ratio (Primavera, Altamirano et al. 2007; Polidoro, Carpenter et 

al. 2010).  The question is, who will bear the economic costs of mitigating these 

environmental costs when mangrove waste water treatment services are not effective enough 

(Israel 2000)?   

 

It is possible for mangroves and fish ponds to coexist and benefit one another in a system 

known as MFA (Primavera 2000; Bosire, Dahdouh-Guebas et al. 2008).  This type of farming 

occurs in various forms throughout South-east Asia (see Section 1.0) however its practice is 

restricted to a small minority of cultures.  Studies have shown that integrated mangrove and 

shrimp farms are more profitable than bare shrimp ponds (Gautier 2002).  Even so, it is not 

common practice and many owners are adverse to the idea for various reasons, such as the 

trees will make pond management more difficult and time consuming and will increase pond 

acidity which is harmful to the fish (Jaworska 2010).  There is a wide niche available for 

expansion and development of aquasilviculture, and SEAFDEC (Southeast Asian Fisheries 

Development Center) have recently released guidelines for sustainable aquaculture in 

mangrove systems (Bagarinao and Primavera 2005).  All that remains is to alter the ingrained 

attitudes of the fish pond operators. 

  

2.3 Reviews of Mangrove Benefits for Aquaculture  

 

2.3.1 Waste Water Treatment 

 

One of the greatest benefits of mangroves for aquaculture ponds is the uptake and treatment 

of contaminated waste in effluent water by the trees and micro- and macro-organism 

inhabitants, which has also been shown to increase mangrove growth (Gilbert and Janssen 

1998; Primavera, Altamirano et al. 2007).  The economic cost of this service is estimated to 

be US$1,193 - 5,820 per hectare per year based on sewage treatment plant construction costs 
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(Gautier 2002). At one site in Sri Lanka, water purification services have been estimated at 

more than US$1.8 million per year (Polidoro, Carpenter et al. 2010). However there is a 

threshold to this service estimated at 1.8-22 hectares of mangrove to one hectare of pond 

(Primavera, Altamirano et al. 2007; Polidoro, Carpenter et al. 2010) (see Section 2.2.4), 

which is exceeded if the level of wastes becomes too large or the mangrove:pond ratio too 

small (Gilbert and Janssen 1998; Rönnbäck 1999).  The key point to note is that all estimates 

surpass the current national 0.5:1 mangrove:pond ratio (Primavera, Altamirano et al. 2007).  

If this limit is exceeded, consequences include contamination of ponds (from untreated 

influent water) i.e. self-pollution, and subsequent deterioration of stock (quality and quantity) 

and the surrounding mangrove ecosystem caused by bioaccumulation of toxins in mangrove 

ecosystem food chains (Gilbert and Janssen 1998; Focken, Marte et al. 2000; Ronnback, 

Troell et al. 2003; Polidoro, Carpenter et al. 2010).      

 

2.3.2 Nutrient Inputs 

 

Mangroves are highly productive ecosystems, which benefit adjacent aquaculture ponds by 

providing food inputs in the form of nutrients, organic matter, algae, invertebrates and fish 

(as naturally recruited seed stock), helping to improve the natural productivity of the pond 

(i.e. algae) utilised by extensive and semi-intensive operators for stock growth (Gilbert and 

Janssen 1998; Rönnbäck 1999; Focken, Marte et al. 2000; Holguin, Vazquez et al. 2001; 

Polidoro, Carpenter et al. 2010).  In one case study it was estimated that bacterial and fungal 

film on mangrove leaf detritus constituted 30% of the diet for farmed shrimp (Rönnbäck 

1999).  Another review found that growth of farmed prawns was much greater in ponds with 

abundant meiofauna (Martin, Veran et al. 1998), a direct input from mangroves into adjacent 

ponds with each high tide (Rönnbäck 1999; Holguin, Vazquez et al. 2001).  Primavera, Binas 

et al. (2009) found that pen cultured mud crabs were able to survive on natural food from 

surrounding mangroves for one month before requiring supplementary feeding. 

 

2.3.3 Protection 

 

Not only do mangroves shelter inhabitants of coastal communities from storms and typhoons 

(e.g. in India monetary losses following a typhoon for a mangrove-protected village were 

US$32 per household, compared to US$134 per household in villages without mangrove 
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protection (Bosire, Dahdouh-Guebas et al. 2008)), they also confer protection for aquaculture 

ponds (Rönnbäck 1999).  Their complex root systems trap sediment resulting in land 

accretion that functions alongside the trees themselves as a buffer against wave action 

(Walters, Rönnbäck et al. 2008).   

 

This protection can be broken down into numerous economic benefits for a range of 

stakeholders, for example fish pond owners save money by avoiding additional labour and 

material costs for dike maintenance and replacing lost stock, as it is estimated that typhoon 

damage causes an annual 10% reduction of fish harvests (Gilbert and Janssen 1998; 

Primavera 2006).  Coastal communities profit, and many voluntarily plant mangrove trees to 

increase protection against typhoons (Walters, Rönnbäck et al. 2008).  Governments also 

benefit by evading extra investments in infrastructure reinforcement and repair, and paying 

out emergency costs (Gilbert and Janssen 1998; Rönnbäck 1999; Primavera 2006).  For 

example when Typhoon Frank hit Ajuy in June 2008, communities and their livelihoods were 

decimated, and government aid was provided in the form of 6,000 fry to all fish ponds 

(Jaworska 2010).   

 

A study by Barbier, Koch et al. (2008) found that the protection service provided by 

mangroves is not a linear function, and therefore small losses of forest will not cause a 

significant decline in tree wave attenuation.  This provides evidence to support the loss of 

mangrove forests for economic development, but only to a certain degree.  They suggest that 

the maximum loss affordable by forests is 20% which agrees exactly with the earliest 

guideline of 20% mangrove to pond conversion or 4:1 mangrove:pond ratio recommended by 

Saegner et al. in 1983 (Primavera, Altamirano et al. 2007; Primavera and Esteban 2008).  

However the majority of mangroves in the Philippines have far surpassed this recommended 

limit  of forest clearance (Primavera, Altamirano et al. 2007).  One would expect this 

threshold to vary depending on the maturity and community structure of the mangrove stand. 
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2.4 Law  

 

2.4.1 Legislation Shortfalls 

 

Fish pond development and subsequent mangrove loss was until fairly recently encouraged 

by the Philippines Government, in the form of monetary loans and allocation and 

privatisation of mangroves to individual land-owners (Primavera 1995; Primavera 2000).  

This inequitable distribution of land commencing at 100 hectares per applicant in 1937, was 

reduced to 50 hectares in 1959, resulting overall in 54.2% of the land being allocated to 

16.9% of families (Yap n.d.).  This tenurial mechanism known as a Fishpond Lease 

Agreement (FLA) is a Government policy in which farmers are leased land for 25 years for 

milkfish pond development under set guidelines defined by the FAO 125 Series of 1979 (Yap 

n.d.).  However, up to one-third of fish ponds are only partially managed or abandoned (see 

Figure 2.2.4.3) and violate terms of their FLA (if they possess one), a problem which is 

exacerbated by low rental prices (previously US$2 per hectare per year) and poor 

enforcement of existing regulations.  For example, there is no system for tracing owners not 

adhering to FLA regulations, ponds violating regulations do not have their licence abolished, 

and in 2006 only Php1.6 of 5 million was collected for fishpond rent in Region VI (Yap n.d.).  

Weak law enforcement also means that when a pond is abandoned or underutilised, or its 

FLA has expired, the land is not reclaimed by the government for mangrove rehabilitation 

(Primavera and Esteban 2008).  BFAR and DENR, the Government departments responsible 

for FLA licensing are very poorly organised and unsure of their responsibilities.  As a result 

in one case study it took a total of 16 years for a fish pond that had its FLA cancelled (due to 

non-development and non-rental payment) to be reclaimed by the DENR for reversion 

(Primavera 2010).  These inadequacies in aquaculture legislation are currently being 

addressed through workshops with NGOs and Government departments (Koldeway 2010).  

 

The majority of ecosystem goods and services provided by mangroves are not accounted for 

in Government policy, for example waste water treatment, soil stabilisation and flood 

defences, and are therefore considered ófreeô (Rönnbäck 1999).  As their benefits are so vast, 

if they were to be internalised, it would jeopardise the economic stability of the aquaculture 

industry, and many believe that the world community should shoulder the cost of 

incorporating these services into the economy (Janssen and Padilla 1999).  The aquaculture 
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industry is monopolised by a small elite of very powerful individuals, therefore any proposed 

alterations to policy are lobbied against and prevented.  In the 1990s an attempt to increase 

FLA rents to US$40 per hectare per year in an endeavour to capture some of the opportunity 

costs of mangrove ecosystems was halted by force opposition from lobbying bodies 

(Primavera 2000).  Pond rent and FLA legislation were eventually increased to Php1,000 per 

year per hectare (in 1991 and 2004, respectively) despite lobbying against FLA rent increase, 

which was dismissed in Court in 2005 (Primavera 2010).  

 

Mangrove protection in the Philippines also suffers as a result of overlapping policies (e.g. 

between the DENR and the Department of Agriculture (DA) (Gautier 2002)) and bureaucratic 

corruption, which as a result undermines any international treaties (e.g. RAMSAR 

Convention, the Convention on the Prevention of Marine Pollution, CITES and the 

International Tropical Timber Agreement) or national laws.  For example in the past, cash 

bribes for real estate tax on coastal land were commonly accepted without checking the 

mangrove protection status (Primavera 2000; Polidoro, Carpenter et al. 2010). 

Despite mangrove rehabilitation and replanting occurring as early as the 1930s by schools 

and communities, the Government did not legislate mangrove protection until the 1981 

Agenda 21, and they were still listed as ñswamplands available for developmentò until 1984 

(Primavera 1995; Primavera 2000; Primavera and Esteban 2008).   

Where mangrove protection does exist, it is often not adhered to, and proof of this can be 

observed in the distinct lack of the legally required 20-100m wide coastal greenbelts 

throughout the country (Primavera 1995; Primavera and Esteban 2008). 

 

2.4.2 Mangrove Replanting and Rehabilitation 

 

Governments are becoming increasingly aware of the protective function and to a lesser 

extent other services of mangroves, and as a result are enhancing their protection through 

legislation enforcement and mangrove rehabilitation (Walton, Le Vay et al. 2007; Bosire, 

Dahdouh-Guebas et al. 2008).  However the majority of replanting has been conducted in an 

inefficient manner (see Figure 2.4.2.1) due to lack of consideration of the ecology and 

topography of the site and a desire to plant as conveniently as possible.  In the Philippines, 

the Government body responsible for the majority of mangrove replanting, the DENR, 

favours the genus Rhizophora as the seedlings are large and therefore easy to collect and 
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plant (Primavera and Esteban 2008).  This has culminated in a high proportion of failed 

replanting efforts (10-20% success rate) and mono-specific mangrove stands of species that 

are not ecologically suited to the area in which they are planted (see Figure 2.4.2.2), do not 

consider natural zonation patterns (see Section 2.5) and/or have replaced a previous highly 

diverse forest (Walton, Le Vay et al. 2007; Bosire, Dahdouh-Guebas et al. 2008; Primavera 

and Esteban 2008).  Consequently governments are wasting limited funds (approximately 

US$204 per hectare (Bosire, Dahdouh-Guebas et al. 2008)) by not conducting necessary 

research and attempting to cut corners in expenditure.   

 

Figure 2.4.2.1: Seedlings 

for mangrove rehabilita-

tion left abandoned in 

their bags at the degraded 

mangrove stand where 

they were intended to be 

planted. 

 

Figure 2.4.2.2: An 

example of a recent 

mangrove replanting 

attempt by the DENR 

(note the mono-

specific stand of 

Rhizophora seedlings 

planted next to a 

mature Avicennia 

marina tree (top right-

hand corner)). 

 

Conservation of mature, natural mangrove stands is much more desirable than replanting of 

degraded forests as mature mangroves have a higher abundance and diversity of mangrove 

fauna i.e. crabs which are important keystone species, fish and shrimp fry, and an enhanced 
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protective function resulting from greater root complexity and basal area (Walton, Le Vay et 

al. 2007; Bosire, Dahdouh-Guebas et al. 2008).  With time these ecosystem services are 

eventually restored in the replanted mangroves as they reach maturity, however because of 

reasons explained above, many rehabilitated forests are not achieving this critical stage due to 

high seedling mortality rates (Walton, Le Vay et al. 2007; Bosire, Dahdouh-Guebas et al. 

2008).  Studies have shown that replanted mangroves have greater stem densities and sapling 

abundance than natural stands (e.g. 4,864 stems per hectare compared to 1,796 stems per 

hectare, respectively at a site in Kenya) (Clarke and Kerrigan 2000; Bosire, Dahdouh-Guebas 

et al. 2008).  Although this could be explained by a higher level of predator e.g. crab 

abundance in natural forests (Primavera, Binas et al. 2009) resulting in greater seedling 

predation.   

 

Another significant problem with current replanting is that it occurs at low intertidal zones as 

a pose to the correct mid- to high-elevations where mangroves naturally occur but 

aquaculture ponds now occupy (Primavera and Esteban 2008).  This also reduces the 

replanting success rate due to increased tidal inundations and wave action on the vulnerable 

seedlings (Bosire, Dahdouh-Guebas et al. 2008).  If the seedlings do become established, they 

are often planted on what should be tidal flats or sea grass habitat, resulting in a reduction of 

these ecosystems (Primavera and Esteban 2008).   

 

In addition to fighting increasing pressures from an expanding human population, mangroves 

are also being threatened by rising sea levels due to increased tidal inundations (Walters, 

Rönnbäck et al. 2008).  The forests will be unable to migrate to more suitable habitat because 

the required space is occupied by aquaculture ponds.  Ponds will also suffer as a result of 

greater frequency of dike breaching and flooding, intensified by the loss of mangrove forests 

and their protection. 

 

2.5 Mangrove Structure 

 

Mangroves are very diverse ecosystems, and their community structure, density and biomass 

varies according to a variety of features such as age, substrate, soil topography, climate 

(Saenger 2002) and human impact (Blanco, Bejarano et al. 2001). 
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Zonation of mangrove species occurs in the majority of natural mangrove forests, although it 

is often lacking in disturbed and very narrow mangrove stands.  Zonation can be attributed to 

a number of factors including; species preference and tolerance to environmental conditions 

(i.e. salinity and inundation, which vary according to elevation); interspecific competition; 

propagule size and seed predation ((McKee 1995; Bunt 1996; Sinfuego 2009).   

 

The most dominant zone in Panay is Avicennia-Sonneratia, which grows along seaward 

fringes.  Other occurring zones include; Rhizophora in the lower intertidal area; Bruguiera 

cylindrica and Ceriops decandra in the mid- to high-elevation; and Lumnitzera racemosa, 

Xylocarpus spp., Heritiera littoralis and Exoecaria agallocha in the upper inter-tidal zone 

(Sinfuego 2009). 

 

Therefore it is imperative for studies involving mangrove forests to conduct detailed surveys 

that capture this wide variation of mangrove ecosystems.  A commonly recorded variable is 

community structure, which can be explained by the density and biomass of seedlings, 

saplings and trees of all species present in a typically chosen 10x10m quadrat plot (Morse 

and Boschetti 2003).  

 

2.6 Project Variables 

 

Reviewing the literature has highlighted key variables of pond production and protection to 

included in the questionnaire and mangrove surveys.  Due to limited time and resources not 

all will be possible to survey, for example influent and effluent water quality, however these 

variables are mentioned in Section 6.3. 

 

2.7 Study Area 

 

The chosen study site for this thesis was the Municipality (i.e. town) of Ajuy, Panay, where 

ZSL are currently engaged in implementing mangrove restoration and ecotourism projects.  

Ajuy is situated in the northeast portion in the province of Iloilo (Sinfuego 2009), and Panay 

is located in Region VI, Central Philippines (see Figure 2.7.1).   



32 
 

 

Figure 2.7.1: The left-hand map shows the location of Panay Island in the Philippines (red 

island) (Bloom n.d.), and the right-hand map highlights the location of Ajuy within Panay 

Island (red arrow) (Visayan Silent Gardens n.d.). 

 

Ajuy is divided into 34 barangays (a Filipino term for óvillageô, which collectively constitute 

a Municipality), and only those located on the coast with fish ponds were included in this 

study.  13 barangays were surveyed in total; Luca, Pedada, Culasi, Malayoan, Biasong, Pili, 

Puente Bunglas, Taguhangin, Rojas, Pantalon Navarro, Bucana Bunglas and Silagon, and a 

single fish pond in barangay Plantico in the adjacent Municipality of Conception (as the 

ponds are extremely similar in terms of biophysical features and management (Primavera 

2010)).   

 

3.0 Methods  

 

3.1 Data Collection  

 

Data collection was carried out from 3
rd
 May ï 19

th
 June 2010, and was divided into two 

sections; questionnaire interviews (including initial pilot studies, see Section 3.3.1) and 

mangrove surveys (Section 3.4).    
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3.2 Research Assistants and Logistics 

 

Having already collaborated with ZSL the Mayor of Ajuy was very hospitable and provided 

daily transport (a vehicle and driver), a translator for conducting interviews and two assistants 

for mangrove surveying.   

For varying circumstances, a total of three translators were used throughout the interview 

period.  The initial translator was not an employee of the Mayor and was therefore paid 

Php200 per day.  All were properly inducted and had excellent spoken English.  Induction 

involved the translator reading the questionnaire, followed by a discussion explaining the 

purpose of each question and clarifying any confusion or misunderstanding of a question.  To 

aid transition from the second to the third translator, both were present for one day of 

interviews.  This method was not possible for transition between the first and second 

translator due to personal reasons. 

  

3.3 Social Research 

 

3.3.1 Pilot Study 

 

Pilot surveys involved conducted a semi-structured interview with a fish pond operator 

(approximately 1.5 hours in length) and two questionnaire interviews with fish pond owners 

and caretakers.  The semi-structured interview followed the general format of the 

questionnaire (see Appendix 7.2 and Section 3.3.2), however all questions were open-ended 

to ensure as much useful information as possible was acquired (Bernard 2006).  Data from 

the pilot surveys were used for any final alterations to the questionnaire, to further my 

knowledge and understanding of milkfish farming within Ajuy and to ensure all the questions 

were easily translated and answerable (Bernard 2006). 

 

3.3.2 Questionnaire Interviews 

 

Questionnaire topics were chosen, with relevant variables gleaned from the literature (see 

Section 2), and related questions in the BFAR questionnaire (see Appendix 7.1).  

Questionnaire design was also based on recommendations from Bernard (2006) (for example, 

use the highest level variance (ratio not ordinal) and collect data on the lowest level unit of 

analysis).  
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The fundamental questionnaire topics included:  

¶ Pond information:  

-  Ownership, area (hectares), age, and species stocked. 

¶ Production: 

-  Inputs; organic and inorganic fertiliser (type and quantity), fry source, stocking 

density (pieces per hectare), water source. 

-  Outputs; harvest volume (kg per hectare), number of harvests (per year), fry 

survival. 

¶ Pond management:  

-  Pond drying time, water filtration, dike maintenance (material, breach cause and 

frequency). 

 

For a full version of the questionnaire please refer to Appendix 7.2.   

(N.B. As all but one pond in Ajuy were extensively farmed, irrelevant questions regarding 

water and soil quality testing, additional feeds, pond aeration and waste water treatment were 

excluded.) 

  

All milkfish ponds in the Municipality were surveyed (with one exception), and a total of 43 

interviews were conducted with either fish pond caretakers or owners depending on who was 

present at the focal pond.  The majority (30) of respondents were caretakers as they were 

more readily available and often had better knowledge of pond management, although this 

was not always the case, especially regarding pond ownership and expenses.   

 

Interviews were conducted on an ad libitum basis, averaging approximately five a day, 

depending on availability of the transport and translator, and distance travelled to the focal 

ponds.  Initial attempts to contact respondents prior to interviews to arrange a time and date 

proved too difficult and only limited contact numbers were available.  Therefore pond 

caretakers and owners were approached and interviewed at the same time unless absent from 

the premises, in which case the focal pond was revisited at a later date.   

 

Questionnaires were conducted by me and a single translator to ensure continuity of results 

and enable me to further question any additional comments that may have been raised by the 

respondent.  Prior to commencement of each interview a formal introduction was given to 
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introduce myself, describe the purpose of my visit and ask for permission to interview the 

respondent.  Also key was the mentioning of my being affiliated with the Mayor of Ajuy.  

Whilst this may have influenced the respondents answers to any sensitive issues (i.e. 

regarding illegal mangrove clearance), it ensured the willingness of their participation in the 

survey.  It was therefore considered more important to inform respondents of my 

collaboration with the Government as the survey did not question illegal activities.  

Respondents were also assured of total confidentiality (Bernard 2006) and no monetary 

gratuity was offered. 

 

3.4 Mangrove Surveys 

 

In total 30 mangrove sites were surveyed, and ranged in size from 0->150m in width.  

Mangrove area (hectares) was calculated from the average width and total length. 

 

As mentioned in Section 2.5 previous studies conducted mangrove surveys by carrying out 

seedling, sapling and tree taxonomic identification and density counts in 10x10m quadrat 

plots (Morse and Boschetti 2003) (for ease dense stands of saplings were counted within a 

5x5m plot, and seedlings in a 2x2m quadrat) (see Figure 3.4.1 and Table 3.4.1).   

 

Figure 3.4.1: A diagram displaying a typical mangrove sampling quadrat plot that was 

utilised in this study (English, Wilkinson et al. 1997; Morse and Boschetti 2003). 
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Table 3.4.1: Guidelines for classification of seedlings, saplings and trees (as described by 

(English, Wilkinson et al. 1997)). 

Demographic DBH* Height 

Seedling <4cm <1m 

Sapling <4cm >1m 

Tree >4cm >1m 

*DBH is stem diameter at breast height, measured 1.37m above the ground 

 

Mangrove species were identified utilising a Philippine mangrove field guide (Primavera 

2009), and any uncertainties were photographed (the leaves, trunks, fruit and flowers if 

present) and confirmed at a later date by Professor Primavera. 

 

Mangrove surveys were carried out during low tide (times were taken from a tide calendar).  

The two mangrove assistants were tasked to mark out the 10x10m plots with twine once each 

quadrat location was determined. 

 

Prior to commencing mangrove surveys, a reconnaissance survey was conducted to gather 

information on the length, width and zonation of the forest.  This was important for 

deciphering the number and location of quadrat plots to be surveyed.  Zones were established 

by observing the dominant species in relation to elevation (see Section 2.5), and level of 

degradation (i.e. a highly degraded mature A. marina stand was classified as a different zone 

to a mature undisturbed A. marina stand).  A standard minimum of three quadrats per zone 

was maintained (Primavera 2010), although the majority of sites involved surveying more 

depending on the area of each zone.  Quadrat locations were chosen at random throughout 

each zone. 

 

For very large (i.e. >1km long), uniform mangroves cross-sections were surveyed (e.g. for a 

1km long mangrove quadrat plots were surveyed in three cross-sections in the centre, left and 

right hand-sides).  

Total counts were conducted for mangrove stands <500m
2 
(Primavera 2010). 

 

Measurements of mangrove length and width were also recorded, as mangrove width is 

important in determining the extent of their protective function and area for influent water 

quality (Primavera 2010). 

 



37 
 

For each mangrove stand, basal area (BA), standing basal area (SBA) and Complexity Index 

(CI) were calculated from data for statistical analysis (see Section 3.5 for calculations). 

 

3.5 Mangrove Calculations 

 

BA denotes the cross-sectional area of a tree at its DBH.  It is calculated using the equation: 

 BA = ˊ x DBH
2 
/ 40,000 

 

DBH for all species was set at an average of 0.5cm for seedlings and 2.0cm for saplings 

(Primavera 2010).  For trees DBH was averaged for each species separately due to greater 

variation in morphology, and estimates are shown in Table 3.5.1. 

 

Table 3.5.1: Estimated average DBH for the surveyed mangrove species in Ajuy, Panay.  

Species Estimated Average DBH (cm) 

Aegicera corniculatum 4.5 

Avicennia alba 26.5 

Avicennia marina 26.5 

Avicennia officinalis 26.5 

Avicennia rumphiana 26.5 

Bruguiera cylindrical 6.5 

Camptostemon philippinensis 6.5 

Ceriops decandra 5.0 

Excoecaria agallocha 11.5 

Lumnitzera racemosa 4.5 

Osbornia octodonta 4.0 

Rhizophora mucronata 9.0 

Rhizophora stylosa 9.0 

Scyphiphora hydrophyllacea 4.5 

Sonneratia alba 51.5 

Sonneratia caseolaris 51.5 

Unknown 17.1 

N.B. As in the study by Morse and Boschetti (2003), the mangrove Nipa palm (Nypa 

fruiticans) was not included in this analysis because its morphology made diameter 

measurements unreliable.  In addition this species was only present at three sites and at very 

low densities therefore its exclusion will have a negligible effect on results. 

 

BA is then utilised in the following equation to calculate SBA, described as an area of land 

that is occupied by trees in that stand  (for this study stand area is one hectare): 

SBA = BA x stems/hectare (English, Wilkinson et al. 1997; 

Matthews and Mackie 2006) 
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N.B. SBA of seedlings, saplings and trees were calculated separately in order to capture any 

variation between survey sites. 

 

Stems per hectare is the density of stems in a plot.  Quadrat plots for this study were 100m
2 

(seedling and sapling counts from quadrat plots smaller than 10x10m
2
 were multiplied up to 

100m
2
).  Therefore stems per hectare was calculated by: 

Stems/hectare =  Number of stems in plot x 100 (English, Wilkinson et al. 

1997) 

 

CI first coined by Holdridge in 1967, is a common measure of the structure and development 

of mangrove forests (Blanco, Bejarano et al. 2001), and is calculated by: 

 CI = (s) x (d) x (b) x (h) x 10
-3 

 

(s) = number of species, (d) = stand density, (b) = basal area, (h) = height. 

 

3.6 Data Analysis 

 

As recommended by de Vaus (2002) prior to commencing data analysis, it is imperative to 

return to the original research questions of the thesis to remind oneself of the intent of the 

study in order to guide selection of appropriate surveyed variables to analyse.  The data must 

then be modified into a format suitable for statistical analysis (de Vaus 2002).  This involved 

collapsing and coding interview and mangrove data, and calculating various measures of 

mangrove structure (as described in Section 3.5).  Thirdly, crucial to understanding the data is 

creating plots to visually observe the range and variation of key variables (Orme 2010).  This 

also exposed any data entry errors which were then corrected. 

 

Data analysis was divided into two sections in order to analyse the two hypotheses of this 

thesis; i) pond production, and; ii) protection.  Following the above recommendations and 

based on findings from the literature, key variables for both sections were chosen for analysis 

due to a large number of explanatory variables and correspondingly small data set.  These 

variables were then graphically displayed and visually analysed to assess their interaction 

with the response variable and each other, and were either discarded or included in the 

statistical analysis.  The most appropriate tests were subsequently chosen according to 

whether the variables were count, proportion, continuous or categorical data. 
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For statistical analysis the computer software packages Minitab 14.0 (Minitab 2010) and R 

2.11.1 (Gentleman and Ihaka 2010) were used.   

For Production analysis diagnostic statistics were performed in Minitab 14.0 and a multiple 

linear regression was carried out using R 2.11.1.  

For Protection analysis a log-linear regression with quasipoisson errors and general linear 

model (GLM) with Gamma errors were performed in R 2.11.1. 

 

The majority of the surveyed ponds were extensively farmed (with stocking densities ranging 

from 857-6,250 pieces per hectare), with the exception of one semi-intensive pond (stocking 

density 10,000 pieces per hectare).  Four of the surveyed fish ponds rearing milkfish to stock 

in open sea fish pens (with stocking densities of 20,000 pieces per hectare) were excluded, 

therefore a total of 39 data points were used in the analysis. 

Surveyed ponds ranged in size from one to 60 hectares, and the largest mangrove stand was 

20 hectares in area.  There was no correlation between pond size and adjacent mangrove area. 

4.0 Results  

 

4.1 Production 

 

Variables chosen for the initial analysis were; harvest volume (kg per hectare), stocking 

density (pieces per hectare), mangrove area (hectares), mangrove SBI (see Section 3.5), CI 

(Section 3.5), pond drying time (days), average organic fertiliser (sacks per hectare), average 

inorganic fertiliser (sacks per hectare), proportion of fry survival, fry source (wild or 

hatchery) and additional recruitment.   

 

The most commonly used organic fertiliser in Ajuy was chicken manure, and other varieties 

were; carabao manure, mud press, rice bran, and rice hull.  The favoured inorganic fertiliser 

was urea, and operators also applied; 16-20, 18-46, Tripol 14, 46-0-0, 0-18-0 and sulphate. 

Due to low fertiliser use, the decision was made to calculate the average amount of all 

varieties of both organic and inorganic fertiliser used by each pond for analysis (with the 

exception of mud press which was purchased in an unquantifiable volume of truck-load).  

Organic and inorganic fertiliser is purchased in 50kg net weight bags, and therefore data were 

kept in units of sacks (per hectare). 
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4.1.1 Anderson Darling Test in Minitab 

 

Harvest volume was the response variable and as such it is essential to be normally 

distributed in order to met the model assumption criteria.  An Anderson Darling test 

performed in Minitab revealed that harvest volume residuals were not normally distributed at 

p<0.05.  Therefore a logarithmic transformation was performed on the data to make the 

residuals normal at p>0.05.  

 

4.1.2 Pearsonôs Parametric Correlation Analysis in Minitab  

 

A Pearsonôs parametric correlation analysis of mangrove SBA for seedling, sapling, tree and 

average total revealed they are all significantly correlated to each other (see Table 4.1.2.1).  

Therefore average SBA was used to represent the density of each mangrove site in the 

analysis, to reduce degrees of freedom used in the analysis and enhance robustness of results. 

 

Table 4.1.2.1: Results of a Pearsonôs parametric correlation analysis of mangrove SBA for 

seedlings, saplings, trees and total average. 

Variables Adjusted r-squared value P-value 

Seedling:sapling 0.976 0.000 

Seedling:tree 1.000 0.000 

Sapling:tree 0.977 0.000 

Seedling:average 1.000 0.000 

Sapling:average 0.977 0.000 

Tree:average 1.000 0.000 

 

4.1.3 Response and Explanatory Variable Interactions 

 

In Figure 4.1.3.1 the notches for the boxes of category 1 and 2 do not overlap in the wild (top 

left-hand) and hatchery (top right-hand) fry source plots, therefore suggesting the medians for 

the proportion of survival of wild and not wild, hatchery and not hatchery fry stocks are 

significantly different.  However, this apparent significance of the pairwise comparisons is 

not reliable as the notches extend beyond the limits of the box.  The within-level variance is 

also too great to justify carrying out a test.  Fry source will therefore not be included as an 

explanatory variable in overall analysis.   The notches for the boxes of category 1 and 2 in the 

bottom two plots overlap indicating that the explanatory variable fry source has no influence 

on log harvest volume, therefore confirming its ommitance from the analysis. 
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Figure 4.1.3.1: Box and whisker plots of proportion of milkfish fry survival as a function of 

milkfish fry source from the wild (top left-hand plot) and hatchery (top right-hand 

plot)stocks.   

N.B. The two graphs do not show the same in reverse as some ponds stocked a mixture of 

both wild and hatchery fry and were therefore excluded.  Box and whisker plots of log 

harvest volume (kg per hectare) as a function of fry source wild (bottom left-hand plot) and 

hatchery (bottom right-hand plot). 

 

4.1.4 Production Analysis in R 

 

As the response variable (log harvest volume) was continuous, a multiple linear regression 

was performed in R using the following chosen explanatory variables; mangrove area, 

mangrove average total SBI, mangrove CI, stocking density, pond drying time, average 

organic fertiliser, average inorganic fertiliser, fry survival and additional recruitment.  

In the maximal model, mangrove area was the only explanatory variable to explain a 

significant amount of variation in the response variable data (F9,28=1.887, p=0.0418).  18% of 
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the variation in log harvest volume was explained (see Appendix for details and model 

diagnostic plots which are all normal). 

 

Model simplification was then conducted to remove all the non-significant explanatory 

variables (starting with the least significant), and was as follows; average inorganic fertiliser, 

stocking density, proportion of fry survival, mangrove SBA, mangrove CI and additional 

recruitment (Model1-7, respectively).  Each step was checked with an ANOVA test to ensure 

the model was not being over-simplified and as there was no significant increase in the F 

ratio (see Appendix for details) the minimal adequate model can be accepted. 

 

The final minimal adequate model had three explanatory variables significantly explaining 

the variance in the response variable; mangrove area, pond drying time and average organic 

fertiliser.  22% of the variation in log harvest volume was explained by the model equation: 

log harvest volume = 2.46 + 0.00556 x pond drying time + 0.0171 x average organic fertiliser 

+ 0.0195 x mangrove area.  Diagnostic plots show the simplified model residuals and 

normality plots to be normal (see Appendix) therefore the model is well suited to the data. 

 

Significant relationships between each of the explanatory variables and the response variable 

are graphically displayed below (see Figure 4.1.4.1).  The top left-hand plot shows log 

harvest volume as a non-significant function of mangrove CI, however there appears to be a 

positive correlation between the two variables. 
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Figure 4.1.4.1: Log harvest volume (kg per hectare) as a significant function of; mangrove 

area (hectare) (p=0.0139) (top right-hand plot); average organic fertiliser (sacks per hectare) 

(p=0.0473) (bottom left-hand plot); pond drying time (days) (p=0.014) (bottom right-hand 

plot) (F4,33=5.296, r
2
=0.22), and; as a non-significant function of mangrove CI (top left-hand 

plot). 
 

4.1.5 Additional Production Analyses 

 

Additional recruitment of milkfish was not significantly correlated with log harvest volume, 

however Table 4.1.5.1 lists the extent of additional recruitment of milkfish (and other 

species) as an input from adjacent mangrove forests.  Figure 4.1.5.1 displays the influence of 

mangrove complexity on the amount of additional recruitment into fish ponds.  There appears 

to be no correlation between mangrove CI and milkfish recruitment, however the right-hand 

plots shows ponds that report recruitment of other species have higher mangrove complexity. 
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Table 4.1.5.1: Quantities and price at market of additionally recruited species harvested from 

milkfish ponds. 

Respondent Species Quantity  per harvest (if 

known) 

Price (if known/sold) 

(Php) 

1 Milkfish (C. chanos) 15 kg 1,125* 

2 Milkfish  (C. chanos) 400 pieces (100 kg) 7,500* 

3 Milkfish (C. chanos) 700-1,000 pieces (250 kg) 18,750* 

4 Anchovies 

(Stolephorus indicus) 

50 boxes 60,000**  

5 Shrimp (Penaeus sp.) 150 kg 19,500 ***  

6 Shrimp (Penaeus sp.) 1,000 pieces N/A 

7 Shrimp (Penaeus sp.) 10 kg 1,400***  
*Milkfish prices have been calculated using the average market price calculated from respondent 

answers of Php70/kg. 

**Anchovy prices have been calculated using the average market price calculated from respondent 

answers of Php1,200/box. 

***Shrimp prices have been calculated using the average market price calculated from respondent 

answers of Php130/kg. 

Figure 4.1.5.1: A box and whisker plot to assess the interaction between additional 

recruitment of milkfish (left-hand plot) and other species (i.e. tilapia (Oreochromis niloticus), 

sea bass (Lates calcarifer) and shrimps (Penaeus sp.) (right-hand plot) from adjacent 

mangroves into milkfish ponds with mangrove Complexity Index (CI) measure. 

 

Plotting log harvest volume as a function of pond water source revealed pond productivity is 

slightly greater in fish ponds with water sourced from the ocean (although this is not 

significant as the boxes overlap) (see Figure 4.1.5.2). 
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Figure 4.1.5.2: Log harvest volume (kg per hectare) as a function of source of fish pond 

water (1=water sourced from rivers and/or canals, 2=water sourced from the sea).  Three 

ponds that sourced a mixture of river/canal and sea water were excluded from analysis.  

 

Respondents were asked to list any additional benefits of adjacent mangroves to their fish 

ponds not mentioned in the questionnaire (see Table 4.1.5.2 for summarised comments). 

Table 4.1.5.2: Summarised additional respondent comments on mangrove benefits to 

milkfish pond productivity. 

Number of Respondents  Mangrove benefit Additional Comments 

11 Mangrove leaves provide 

compost for pond 

Benefits fry and algae growth 

4 Mangroves improve water 

quality 

Benefits fry and algae growth 

6 Mangrove shade Improves fry survival 

(protection from heat), n=4 

Decreases algae growth, n=2 

2 Sandy soil Decreases algae growth 

N.B. Italic font = negative effects of mangroves on milkfish ponds. 

 

Of the 39 sites surveyed, only four had adjacent mangroves with areas larger than total pond 

area, with the following ratios; 3.15, 2.05, 1.32 and 1.18:1 hectares).  Of the remaining 35 

ponds, 15 had no adjacent mangrove (0:27 mangrove:pond was the largest ratio of these) and 

0.000333:1 was the largest ratio for ponds with adjacent mangrove. 
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4.2 Protection 

 

Two response variables were used in protection analysis; frequency of pond dike breaching 

(per year) and time since last breaching (months).  The chosen explanatory variables were; 

mangrove SBA, mangrove width, proportion of breaching caused by; wave action; storms 

and floods, dike material; rock and bamboo, based on their relevance to the hypothesis and 

information gleaned from the literature.  

 

4.2.1 Protection Analysis in R with Response Variable: Frequency of Dike Breaching 

 

Initial analysis using a multiple linear regression was carried out, however the model was not 

suitable as the response variable variation was poorly explained (F1,37=5.12,  r
2
=0.0979) and 

the diagnostic plots were poor (see Appendix).  A multiple regression was then performed 

using log-transformed response variable data, however the model was still very poor at 

describing any variation (F1,37=7.42,  r
2
=0.144) (see Appendix). 

 

As breach frequency can be classified as count data, a log-linear regression analysis with 

quasipoisson errors (to cope with the non-integer data points) was then carried out.  This 

model was much more suited to the data and was therefore utilised for final analysis.  The 

maximal model explained 75% of variance in dike breach frequency (per year).  The only 

explanatory variable that explained a significant amount of variation in the response variable 

was percentage of flooding (F7,31=17.34, p=0.007) (see Appendix for details).   

 

Model simplification was then performed to remove all non-significant explanatory variables 

(least significant first) as follows; bamboo, mangrove SBA, proportion of breaching caused 

by storms, mangrove width, rock and proportion caused by wave action (Model 1-7, 

respectively).  Each step was checked with an F-test (because the analysis used quasipoisson 

error distribution) to ensure the model was not being over-simplified and as there was no 

significant increase in the F value (see Appendix) the minimal adequate model can be 

accepted. 

 

The minimal adequate model had a single variable significantly explaining the variance in the 

response variable frequency of dike breaching (per year); proportion of breaching caused by 

flooding.  Overall, 24% of the variance was explained with the equation: breach frequency = 
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0.948 + -0.0152 x % flood.  Figure 4.2.1.1 shows that this is a significant negative correlation 

as the frequency of dike breaching decreases with an increase in the percentage of breaching 

caused by floods (i.e. ponds suffering from the highest breach frequencies attribute this to 

flooding the least).  Diagnosis plots of the simplified model were not that normal (see 

Appendix), however this model was the most suitable for explaining the data compared to the 

two previous attempted multiple regressions. 

 
Figure 4.2.1.1: The response variable (frequency of pond dike beaching (per year)) (1=1 per 

year, 12=12 per year) as a function of percentage of breaching caused by floods (p=0.0152) 

(F7,31=13.2, r
2
=0.243).  

 

Incorporating an interaction between mangrove SBA and width in the log-linear analysis did 

not alter the F-ratio, significance values, model plots or percentage of variance explained by 

the model, and therefore was not included. 

4.2.2 Protection Analysis in R with Response Variable: Time Since Last Dike Breaching 

 

The response variable time since most recent dike breaching event was treated as survival 

data, and therefore a GLM with Gamma errors was performed.  The following were 

explanatory variables; proportion of breaching caused by; floods; storms and wave action, 

mangrove width (m), mangrove SBA, dike material; rock and bamboo, and explained 100% 

of variation in the model.  Mangrove width was the only variable to be significantly 
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correlated with the response variable (p=0.0382).  The residual deviance (35.3) is slightly 

greater than the degrees of freedom (28), however over-dispersion with Gamma errors is 

technically not possible and there is no quasi-likelihood function for Gamma errors (Crawley 

2010).  The diagnosis plots look fairly normal (see Appendix) and removal of potential 

outliers made no difference to the residual deviance. 

 

Model simplification was then performed to remove all non-significant explanatory variables 

(least significant first), and each step was checked with its AIC value. 

The order of explanatory variables removed was; mangrove SBA, bamboo, rock, proportion 

of breaching caused by storms, floods and wave action (Model 1-7, respectively).  Model 

simplification AICs decreased every time until the final simplification when there was an 

increase (see Appendix), therefore the final step was not justified and Model 6 is the minimal 

adequate model.  Time since last dike breach is a significant function of mangrove width, and 

only slightly not significantly correlated with wave action (see Figure 4.2.2.1).  Residual 

deviance is still slightly larger than degrees of freedom (37.3 and 33, respectively), however 

diagnosis plots look fairly normal (see Appendix). 

 

Figure 4.2.2.1: Time since last dike breach (months) as a function of mangrove width (m) 

(p=0.0285) (left-hand plot) and percentage of breaching caused by wave action (p=0.0533) 

(right-hand plot). 
 

4.3 Additional Analyses 

 

Dike material rock and bamboo were not significantly correlated with either response 

variable in the statistical analysis.  Graphical displays reveal frequency of dike breaching is 






















































































