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SUMMARY  

Mangroves are an assemblage of salt-tolerant trees and plants that exist in the intertidal coastal 

zones of countries in the tropics and sub-tropics. Healthy mangroves can greatly assist the 

sustainable existence of local coastal villagers because of the wealth of ecosystem goods and 

services they provide. However, a significant proportion of this ecosystem has been degraded or 

converted to other land uses.  Many government mangrove agencies are realising that because of 

the diffuse nature of this ecosystem and limited government resources, they need to work with local 

communities that are based within or near these forests, encouraging some form of community 

management and involvement to counter mangrove losses. 

The overall goal of this research was to explore some of the barriers that inhibit successful 

community mangrove management, across two countries in Southeast Asia in order to contribute to 

the discussion about how best to enable this process. The first objective was to assess whether 

communities were able to rehabilitate mangroves successfully and the role of government 

assistance within this.  The second objective was to study in a more qualitative, detailed manner 

how villagers carried out this rehabilitation work and to identify the knowledge and understanding 

that underpinned their decisions, contrasting these with actual outcomes.  

Environmental organisations typically encourage protection of existing mangroves over 

rehabilitation of degraded areas because rehabilitation projects have uncertain outcomes, and the 

full suite of ecosystem benefits are only provided by mature stands.  Therefore, a third objective was 

to explore how communities preserve their own mangroves and inhibit cutting of mangrove through 

the development of their own management rules, or the use of national law. A final objective was to 

help independent organisations to assist mangrove communities by suggesting a simple method that 

would allow comparison and therefore ranking of the status of mangroves across a group of 

communities, to indicate which were most in need of, and likely to benefit from, outside assistance.  

Outcomes from the first two objectives suggested that inappropriate targets, set centrally by 

mangrove agencies, together with gaps in villager and mangrove agency field office staff knowledge 

of mangrove ecosystems, have led to sub-optimal rehabilitation outcomes. Almost all rehabilitation 

projects relied on planting rather than assisting natural regeneration, and much of this planting 

proved either unnecessary or was conducted in inappropriate locations.  There was confusion about 

the suitability of mudflats for planting, normally considered below an appropriate tidal elevation for 

mangrove establishment.  Effective tidal flushing and drainage was demonstrated to have a 

significantly positive effect on planting results.  Villagers were aware of the possibility of 
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rehabilitating some sites simply by improving the hydrology, but this appeared not to result in 

activities on site to improve site topography or hydrology.  

Consideration of the community management rules of this sample of villages suggested that many of 

the principles suggested by terrestrial community forest researchers hold true in a mangrove 

environment, particularly the need for strong social capital and effective leadership, but as has been 

suggested previously, local context and parameters play such a significant role that the wider 

application of these conclusions should be done with caution.   

Finally, to help external organisations that wish to assist mangrove communities, I have suggested a 

series of indicators for the development of mangrove quality and sustainability criteria, that when 

combined with other bio-physical measures, are easier to aggregate and assess than some of the 

existing terrestrial forest indicators. A suggested indicator weighting system is proposed, which with 

further testing in mangrove ecosystems other than river deltas, might provide a simple way to 

prioritise the location of mangrove management interventions.   
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Inv.   inverse 
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KII   key informant interviews 

KML   keyhole mark-up language (expressing geographic annotation) 

LAI   leaf area index 
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NGP   National Greening Program (a Philippine terrestrial and mangrove tree planting 

program) 

NTFP Non-timber forest products 

PBC perceived behavioural control 

PCQM   point centre quarter method (for tree inventory) 

PPT   parts per thousand (a measure of salinity) 

SD   standard deviation 

SSI   semi-structured interview 

TPB theory of planned behaviour 
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INTRODUCTION 

DEFINITION, COVERAGE AND THE BENEFITS THAT COME FROM MANGROVES 

Mangroves consist of salt-tolerant woody plants, shrubs, palms, herbs and ferns which are 

principally found in inter-tidal areas of the tropics and sub-tropics.  The word ‘mangrove’ can be 

used in two ways; either describing a group or assemblage of plants or an individual plant.  In the 

former collective sense mangroves refers to a collection of halophyte plants combined with a 

dynamic bio-geo-physio-chemical environment (Dahdouh-Guebas and Koedam, 2008).   Although 

mangroves are often referred to as ‘mangrove forests’, there tends to be little or no understory 

under a closed canopy (Alongi, 2009a, 2002). Mangroves favour sheltered, low wave energy, muddy 

inter-tidal coastal areas such as river deltas (Alongi, 2009a; Sakho et al., 2011). Mangrove species are 

able to live in inter-tidal areas and tolerate salinity, tidal inundation, anoxic soil and chemically 

challenging soil conditions due to a series of morphological and bio-chemical adaptations (Alongi, 

2002), including the ability to disperse their propagules by water, a process known as hydrochory 

(Saenger, 2002).   

An exact number of mangrove species is still debated because they are an ecological assemblage 

rather than a taxonomic group (Saenger, 2002). Tomlinson (2016) suggested that they divide into 

three sets: 35 major species, 15-19 minor elements of ‘true’ mangrove, and mangrove associates.  

True mangroves are defined as only existing in inter-tidal mangrove areas, potentially forming pure 

stands, having morphological adaptations such as pneumatophores to facilitate gas exchange to 

their roots, possessing mechanisms to deal with salt, hydrochory, and having split from their land-

based relatives (Tomlinson, 2016).   Minor elements are unlikely to form pure stands and as such are 

less ecologically significant. Mangrove associates are more difficult to define as some writers include 

many beach forest genera, such as Pluchea sp., Sesuvium sp. and Ipomoea sp. (Tomlinson, 2016).  

Coverage and Factors Affecting Distribution 

In a review Hamilton and Casey (2016) demonstrated how challenging it has proved to measure 

mangrove coverage by remote sensing with any sort of confidence. For example, mangrove coverage 

was reported to be 137,760km2 in 2000 (Giri et al., 2011) but Hamilton and Casey (2016) estimated 

coverage in the same year at 83,495km2.  Mangrove ecosystems occur around the tropics and sub-

tropics, within approximately 105 countries (Donato et al., 2011), normally existing within 30° north 

and south latitudes, with some exceptions. The majority is found between 5° north and 5° south 

(Alongi, 2002).  Species are not evenly distributed around the planet, but form a macrofaunal 
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biodiversity gradient, with the Indo—West Pacific being the most biodiverse (Alongi, 2002), followed 

by nine or 10 species in eastern (Bosire et al., 2003) and western Africa (Dahdouh-Guebas et al., 

2000; Sakho et al., 2011), down to only three species in the USA and west coast Latin America 

(Tomlinson, 2016).   

Mangrove distribution is affected by several abiotic factors and some of these interact with each 

other, including: 

➢ Tidal amplitude and local topography due to the depth, duration and frequency of 

inundation (Lewis, 2005; Saenger, 2002).  

➢ Sea surface and air temperatures (Morrisey et al., 2010) approximately following the 16°C 

isotherm at their extreme range (Gilman et al., 2008; Saenger, 2002) but more generally 

within the 20°C isotherm (Alongi, 2009b).  

➢ Fluctuations in rainfall patterns and salt levels (Alongi, 2002; Morrisey et al., 2010; 

Tomlinson, 2016).  Although mangroves are sometimes described as halophyte, a better 

term would be halotolerant as most mangroves can grow in fresh water. Only a few species 

require a certain level of salt to fully develop, such as Avicennia marina (Saenger, 2002). For 

example, increasing aridity is currently changing the profile of Australia’s mangroves with a 

recent large-scale die-off of mangroves due to a lack of rainfall (N. Duke, pers. comm). 

➢ Although mangroves prefer soft mud they can also grow on peat, sand and within coral 

debris (Ellison, 2000). Once established they affect and probably increase sediment 

deposition, although this process is not fully understood (R.R. Lewis, pers. comm., but see 

Ranasinghe, 2012). 

➢ Wave energy can affect species distribution and destroy mangroves, but once established, 

mangroves often mitigate and reduce wave energy (Mazda et al., 2003).   

➢ Appropriate currents and wind direction for propagule and seed dispersal, (Alongi, 2009b; 

van der Stocken et al., 2012). 

The Abundant Goods and Services Mangroves Provide Can Facilitate a Sustainable Existence 

for Local Coastal Communities 

If managed sustainably mangroves have the potential of forming the basis of sustainable living for 

coastal communities, and as such, are hugely valuable to them.   The Millennium Ecosystem 

Assessment (2005) categorisation provides a useful way to classify and describe mangroves’ 

ecosystem services: provisioning, supporting, regulating, and cultural services.  These goods and 

services have been described in detail in Appendix A, to illustrate the complexity of this ecosystem, 

how beneficial mangroves can be to coastal communities as well as other nearby ecosystems, and 
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how villagers might interact or use the resource.  In brief, mangroves’ provisioning services include 

providing wood for building, charcoal and cooking (Walters, 2005a) and other non-timber forest 

products such as Phoenix sp. palm fibres for weaving (Aung et al., 2011), honey (Nagelkerken et al., 

2008), Avicennia sp. leaves for nitrogen-rich animal fodder (Dahdouh-Guebas et al., 2000) and a 

nursery for fish, crabs and shrimp (Lee, 2004). Mangroves ecosystems can be very productive, 

producing up to 64 tonnes/ha/year dry weight matter (Alongi, 2009a), and annually storing 168 ± 36 

gCm-2yr-1 of carbon (Taillardat et al., 2018). This productivity allows mangroves to support a very 

productive inshore fishery (Walters et al., 2008).  Mangroves also help to regulate and reduce 

sediment in river water (Kuhlmann, 1988; Mazda et al., 2003) and reduce the nutrient load flowing 

into the inshore, minimising the risk of eutrophication (Moberg and Rönnbäck, 2003).  Waves and 

wind are reduced by the roots, stems and crowns of the mangroves, thus protecting coastal villages 

(McIvor et al., 2012). Finally, mangroves provide cultural services, giving mangrove communities a 

sense of place, identity and character (Richards and Friess, 2015; Ronnback et al., 2007; Walters et 

al., 2008) and providing the opportunity for ecotourism (Badola et al., 2012). 

PRESSURES THAT HAVE LED TO DEFORESTATION & DEGRADATION 

Within a broader context of terrestrial deforestation, by which is meant the complete, long-term 

removal of tree cover, the debate continues about the drivers and causes of deforestation (Angelsen 

and Kaimowitz, 1999).  Alternative land uses such as mining, urban development and farming can 

potentially offer greater private economic returns (Busch and Ferretti-Gallon, 2017), but in the 

process, forest clearers are unlikely to consider the loss of forest ecosystem services or the negative 

externalities caused by this deforestation (Grieg-Gran et al., 2005).  Forest loss is likely to lead to a 

reduction in beneficial biodiversity and other negative impacts such as soil erosion, fragmentation of 

habitats, disturbed carbon cycles and flooding (Getahun et al., 2013).  Globally, commercial 

agriculture is the biggest cause of deforestation followed by subsistence farming, while timber 

extraction, logging, charcoal production and grazing cause most forest degradation (Hosonuma et 

al., 2012; Kissinger et al., 2012; Tadesse et al., 2014). Within these forest losses, illegal logging 

remains a huge driver of forest loss (Global Witness, 2016).  Mechanised agriculture, a key driver of 

deforestation, is often a function of good access to export markets, commodity prices and 

appropriate bio-physical conditions for farming, whereas small-scale agriculture is mostly 

constrained by access to local markets.  Legal protection and establishment of protected areas has 

to a certain extent restricted larger-scale mechanised agriculture but not the expansion of 

subsistence farming or clearance for cattle grazing (Müller et al., 2012).  In an in-depth study of the 

drivers of deforestation, Busch and Ferretti-Gallon, (2017) list several causes of site-specific 
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deforestation: the biophysical characteristics of a plot (suitable slope, wetness, access); market 

demand for commodities such as agricultural products and timber; built infrastructure and roads 

(supported by Angelsen and Kaimowitz, 1999; Damania et al., 2018); management rights and 

ownership (protected areas and better enforcement both helping to reduce deforestation) and 

population pressure (supported by Tadesse et al., 2014).  

There are caveats and exceptions to all these drivers.  For example, building roads into forests and 

remote areas can help social development, connect markets together, reduce transport costs and 

local prices and produce markets for local agricultural products.  Improved infrastructure can also 

provide access to off-farm jobs away from natural resource exploitation.  Getahun et al. (2013) 

found that remote rural areas of southern Ethiopia, far away from roads, were witnessing 

deforestation more quickly than areas nearer to roads. However, in general, new roads providing 

improved access to markets for natural resources from common-property forests have led to 

deforestation and forest degradation around these roads (e.g. Philippines, Lui et al., 1993; Congo, 

Agrawal, 2001; Wilkie et al., 2010; South America, Southworth et al., 2011; Ethiopia, Damania et al., 

2018; Tadesse et al., 2014). 

Population pressure is frequently mentioned as another driver of deforestation.  In a re-examination 

of a seminal publication ‘More people, less erosion’ by Tiffen et al., (1994), Boyd and Slaymaker, 

(2000) suggest that population pressure in semi-arid areas might not necessarily lead to resource 

erosion, under certain conditions. From their six case studies, these conditions included the 

possibility of soil and water conservation measures facilitating the farming of high-value crops, a 

shortage of agricultural land and the central importance of agriculture to the local community.  

Deforestation can be beneficial if newly deforested farmland can support an increased population 

(Busch and Ferretti-Gallon, 2017).  However, in a systematic review of 55 studies, Busch and Ferretti-

Gallon (2017) found that population pressure was consistently associated with greater 

deforestation. For example, increasing population pressure and migration in southern Ethiopia led to 

forest conversion for small-scale agriculture (Tadesse et al., 2014).  

Therefore, to avoid what some writers perceive as Hardin's (1968) ‘tragedy of the commons1’ (e.g. 

Barreto et al., 2006 in the Amazon; Wilkinson and Salvat 2012 in Nepal), where effective open-access 

to a resource resulted in significant depletion, many tools have been developed to grant protection 

to forests, such as protected area status, legal protection and gazetting of forests, national park 

 
1 The ‘commons’ which Hardin was referring to were open-access, common-pool fisheries where property 
rights had not been established, in a situation where it was impossible to exclude fishers (Cole and Ostrom, 
2010).  
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status, restriction of exports or imports of illegally harvested timber, certification and payment for 

ecosystem services among various mechanisms (Busch and Ferretti-Gallon, 2017; Grieg-Gran et al., 

2005; Müller et al., 2012 but see Rasolofoson et al., 2015).  Other forms of governance and property 

systems might also effectively manage and protect natural resources such as private or government 

ownership, or forms of common property management and user-group control (Cole and Ostrom, 

2010; Slaev and Collier, 2018). 

SIMILAR TO TERRESTRIAL FORESTS, MANGROVES CONTINUE TO BE LOST GLOBALLY 

Part of the reason for Hamilton and Casey's (2016) inconsistent measurements of mangrove area 

and loss was due to low resolution remote sensing imagery, the difficulty of classifying mangrove as 

opposed to other types of vegetation, and the lack of a definitive methodology for identifying and 

classifying ‘mangrove’ at different levels of degradation and canopy cover (Giri et al., 2011; Hamilton 

and Casey, 2016).  These difficulties notwithstanding, Chapman, (1975) estimated that 75% of the 

tropical coastline used to be covered in mangroves. In 1980 there were 198,000km2 of mangroves 

(FAO, 2003), but by 2003 this had reduced to 154,000km2 (FAO, 2007).  For example, the extent of 

Bangladesh’s Sundarbans has been reduced by more than 50% over the last 200 years (Islam and 

Wahab, 2005).  Kenya’s mangroves are under significant harvesting pressure (Kairo et al., 2008). 

Between 1924 – 1999, 83% of the mangroves in the Ayeyarwady delta in Myanmar were cleared 

(Ohn, n.d.). During the Vietnam war, ‘Agent Orange’ defoliant2 spraying killed 1,000km2 of 

mangroves (Hong and San, 1993).  

Within the 21st century, as remote sensing techniques have improved, global losses have been 

reported to be 0.16% - 0.39% per year, indicating a slowing of the rate of loss from the 1980s 

(0.99%) and 1990s (0.7%) (Hamilton and Casey, 2016).   Southeast Asia has historically seen some of 

the greatest losses.  For example, the Philippines’ mangrove stock has fallen from 4,500km2 in 1900 

to 1,200km2 in 1995 but the rate of loss has slowed to 0.1% per year since 2000 (Long et al., 2014; 

Primavera and Esteban, 2008).   In Thailand, using 1961 as a baseline, less than half of all the 

mangroves remain (Aksornkoae, 2004).  From 2000 - 2012 Thai losses were running at 0.69% per 

year (Hamilton and Casey, 2016).  In contrast, Alongi (2002) points out that some countries, 

including Papua New Guinea, Australia and Belize have managed to maintain their mangrove cover, 

or even increase it (e.g. Cuba, between 1908-1995), and that much of the older data, on which the 

general assumption of 50% losses since WW2 were based, were supported by very little empirical 

 
2 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) (Huong et al., 2007) 
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data due to inconsistent definitions of what constituted mangrove forest, (e.g. including or excluding 

related salt marshes and freshwater swamps). 

HISTORIC DRIVERS OF MANGROVE LOSS – SOUTHEAST ASIAN EXAMPLES 

Just as much of the world’s primary terrestrial temperate forest has been replaced by secondary 

forests or plantations (Liira et al., 2007), few ancient primary mangrove forests survive.  It should 

also be acknowledged that mangrove ecosystems are very dynamic over time scales of decades and 

centuries, making natural gains and losses (Field, 1998), but here I looked at only anthropogenic 

disturbance.  Until the mid-1990s, mangroves were considered forests of limited value, to be leased 

out in commercial concessions for timber extraction (Aksornkoae, 2004).  For example, between 

1961 – 1996, 80% of Thailand’s mangroves were allocated to concessions for charcoal production 

(Sudtongkong and Webb, 2008) which in combination with the development of the aquaculture 

industry within the mangrove region (see below), resulted in the conversion of 2,000km2 of 

mangroves (RAP FAO, 2007).   Despite the terms of the concession contracts requiring 

compartmentalisation, rotational felling and replanting (Sudtongkong and Webb, 2008), mangroves 

under concession were subject to clear-felling, encroachment, extraction from outside concession 

boundaries and inconsistent replanting (government mangrove agency official, village T1A).    In 

1996 a Royal Thai Government cabinet resolution let these concessions expire without renewal and 

banned further mangrove timber extraction (Aksornkoae, 2004).  A comparable narrative comes 

from the Philippines, where mangrove wood was traditionally harvested not only for charcoal but 

also for bakery fuelwood (Walters, 2004), debarking for tannins (Melana et al., 2000) and extracted 

to meet the needs of an expanding population (Maliao and Polohan, 2008).  

Mangrove Conversion to Aquaculture and Subsequent Pond Abandonment 

A second driver of mangrove conversion has been aquaculture within the mangrove zone. Barbier 

and Sathirathai (2004) speculated whether the Thai aquaculture boom of the 1980s and 1990s, 

responsible for converting a significant proportion of the country’s mangroves to shrimp farms, was 

in part driven by the development of the road network within southeast Thailand.  Similarly, 

approximately half of the Philippines’ mangrove was converted due to government policies 

encouraging aquaculture activity in mangrove areas (Primavera, 2000; Primavera and Esteban, 2008, 

but see the Global Aquaculture Alliance, 2012, who dispute this).  Many ponds have been sited, 

excavated and operated poorly with little technical knowledge (Islam and Wahab, 2005). In Thailand 

mangroves have been cleared for ponds that have sometimes been managed with only a limited 

attempt at sustainability (Stevenson et al., 1999), and although rates vary, ponds are generally 

operated at high shrimp fry stocking densities, resulting in poor water quality (Gowing and Ocampo-
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Thomason, 2007; Matsui et al., 2014).  This has often led to significant productivity reductions after 

only three to seven years in many countries around South, Southeast Asia and the Far East (Moberg 

and Rönnbäck, 2003; Stevenson et al., 1999), due to disease outbreaks such as Early Mortality 

Syndrome (De Schryver et al., 2014), poor seed quality (Selvam et al., 2012b) and failure to 

acknowledge the life-supporting and water cleaning functions that mangroves provide (Jitthaisong et 

al., 2012; Moberg and Rönnbäck, 2003).  

This pond failure syndrome has a significant social dimension (Primavera et al., 2007).  Once the 

ponds have failed and are left abandoned and unproductive, the indebted shrimp pond owners are 

often compelled to sell off their ponds to outside businessmen or companies to pay off their debts 

(Stevenson et al., 1999).  It is estimated that there are 4,000km2 of abandoned ponds worldwide (R. 

R. Lewis, pers. comm.)  Approximately 70% of ponds have been abandoned in Thailand and a great 

many in the Philippines (Primavera and Esteban, 2008; Stevenson et al., 1999).   Similar issues are 

reported by Selvam et al. (2012) in India where aquaculture pond failure has encouraged migration 

to the cities.  Furthermore, few local people benefit from shrimp farms (Stevenson et al., 1999) as 

they are more capital than labour intensive, employ fewer people than rice farming, and cheaper 

labour is often imported, e.g. Burmese workers on Thai farms (Datta et al., 2012; pers. obs. 2009; 

Primavera, 1995).   

CONTEMPORARY DRIVERS OF MANGROVE LOSSES 

Losses caused by anthropogenic pressures and events can be direct or indirect (Field 1998). Beyond 

conversion for aquaculture, direct pressure can include land use change for agriculture or 

(unsustainable) harvesting of timber (Ellison, 2000; Primavera and Esteban, 2008).  Indirect 

pressures might be changes in hydrological connectivity or upstream water flows and fresh water 

input (e.g. water flows blocked by road building in Colombia, Twilley et al., 1999), sedimentation 

from activity upstream (e.g. the Indus River in Pakistan, Shah 2012), changes in policy to allow wood-

burning bakeries (Walters, 2004), oil spills (Duke, 1996), cattle grazing (Rathnayake et al., 2012), 

destruction of natural regeneration or planted seedlings by boat impact damage and footfall 

(Hashim et al., 2010; pers. obs. Myanmar 2011).   

Similar to terrestrial forests, researchers have suggested that many of these pressures on mangrove 

and the resulting degradation are a function of increased local population and immigration (Alongi, 

2002; Datta et al., 2012; Field, 1998, 1996; Glaser and da Silva Oliveira, 2004; Marschke and Nong, 

2003; Moberg and Rönnbäck, 2003; Ohn, n.d.; Springate-Baginski and Than, 2011).  Myanmar has 

witnessed a significant population increase in the coastal regions, sometimes up to 183 people per 
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km2.   Historically, Kenyans have harvested mangrove timber for export to the Middle East. More 

recently the population increase on the coast has resulted in intensive mangrove timber extraction 

at unsustainable levels for local housing construction, partly because within each Muslim family 

every wife expects a house of their own and each son also builds a house (Dahdouh-Guebas et al., 

2000).  An extraction permit system to try to manage this increased level of mangrove harvesting 

had poor results due to limited enforcement (Dahdouh-Guebas et al., 2000).    Senegal (Sakho et al., 

2011), Bangladesh (Iftekhar and Islam, 2004) and the Philippines (Maliao and Polohan, 2008) have 

experienced similar challenges from population pressure.  Despite government management for 

almost 140 years and being within a Protected Area, Bangladesh’s mangroves at Chakaria in the 

Sundarbans have almost completely disappeared due to population pressure (Datta et al., 2012; 

Iftekhar and Islam, 2004).   

Changes in local coastal population can arise for many reasons, such as politics (e.g. the result of 

socialist ‘villagisation’ in Tanzania, Nurse and Kabamba, 2000), economic migration (e.g. Thailand), 

conflict and civil war (Cambodia) or governments relocating citizens, such as the internal 

‘transmigration’ programmes in Indonesia (Anon, 1997).   It cannot be assumed that the new arrivals 

will have any knowledge of the mangrove ecosystem, traditional or otherwise, or know how to 

manage this resource in a sustainable manner (Datta et al., 2012).  New arrivals might take over 

mangrove resources, distancing indigenous people from them and failing to benefit from their 

knowledge of how to manage a mangrove forest sustainably, to the detriment of the forests’ health 

(India, Bodin and Crona, 2008; Indonesia, Datta et al., 2012).  In addition, an increase in population 

puts additional pressure on related factors such as schools, social services and the availability of 

alternative livelihoods (Datta et al., 2012).    

REFORESTATION PLANTING EFFORTS BY THE GOVERNMENTS AND VILLAGES 1920 - 

2007 

The earliest replanting efforts in the Philippines started around 1920 for wood production and 

coastal protection (Primavera and Esteban, 2008).  Replanting projects were taken over by the 

National Mangrove Committee in 1976 (National Mangrove Committee, 1987). In common with 

Thailand, large-scale government replanting, aided by the World Bank among others, started in the 

1980s (Primavera and Esteban, 2008).    Similar to the silvicultural issues surrounding boreal forest 

management (Liira et al. 2007), this effort to restock the mangroves produced only a simplified 

version of the original forests (Bosire et al., 2006; Lewis, 2005), tending to use few species other 

than Rhizophora sp. (Primavera and Esteban, 2008).  Despite the Philippine government agreeing in 
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1994 to the NGO-assisted Community-Based Mangrove Forest Management Approach to 

rehabilitation of mangroves, and Executive Order No. 263 mandating community-based forest 

management as the national strategy to ensure the sustainable development of the country’s forest 

resources, mangrove rehabilitation outcomes were poor (Primavera and Esteban, 2008).   

EXAMINING MANGROVE MANAGEMENT AND REHABILITATION SINCE 2007 

In more recent times, to recover some of the goods and services provided by mangroves lost due to 

the factors mentioned above, and in light of natural disasters such as the Indian Ocean tsunami of 

2004 and cyclone Haiyan / Yolanda in the Philippines in 2013, there have been significant efforts to 

rehabilitate areas of converted or degraded mangroves (Aung et al., 2011; Primavera et al., 2011; 

Primavera and Esteban, 2008), and to afforest new areas that were not mangroves previously.  

Indeed, Lewis (1982) called for not just replanting, but for mangrove ecosystem restoration, 

including functional hydrological connectivity to the adjacent systems.  The FAO claims that 

restoration is easy (Alongi, 2002; FAO, 1994) and indeed mangroves can self-repair and regenerate, 

even after an oil spill (Duke, 1996).  Most frequently governments have commissioned mangrove 

rehabilitation through forest and environment departments which have in turn engaged coastal 

villages to implement or assist. Increasingly, governments are also asking villages to help with the 

management of the mangroves.   Here I studied elements of this community mangrove management 

process to understand the barriers to success and to indicate what assistance and training outside 

groups should provide.  Chapter 1 describes whether community groups, working with government 

mangrove agency field office staff, are able to successfully rehabilitate degraded or cleared areas of 

mangrove and afforest new areas. 

Outcomes from mangrove rehabilitation often run contrary to what might be expected, considering 

the amount of information and published mangrove science available.  An online literature search 

via Google Scholar, using the string ‘mangrove restoration’, produced 65,300 references, and using 

Web of Science (v. 5.34) 812 references.   However, it is questionable whether this knowledge has 

been fully applied in either government or NGO rehabilitation projects (Ewel, 2010; Kairo et al., 

2001; Primavera et al., 2015, 2011).   Lessons learned from previous mangrove projects have not 

always been published, particularly if the programme itself failed.   Where outcomes and learning 

have been made available, reports are often published as ‘grey’ literature (Field, 1998) rather than 

peer-reviewed.  Furthermore, it is uncertain whether the relevant scientific literature is accessible 

and produced in an appropriate format and language for groups that actually implement projects on 

the ground: NGO staff, mangrove agency field officers and village conservation groups.  Chapter 2 
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explores village understanding of mangrove rehabilitation techniques to determine whether 

knowledge gaps may contribute to explaining why mangrove rehabilitation outcomes remain poor. 

Concurrently, there has been recognition by many mangrove-owning states that mangrove 

communities should play a greater role in their conservation, management and rehabilitation, since 

most mangrove nations have insufficient central resources to preserve and rehabilitate mangroves 

effectively. While rehabilitating degraded or converted areas of mangrove is one element of 

mangrove management, another component is protecting existing stocks of mangroves.  Some of 

the drivers of losses have been described already.  Most countries have laws and regulations that 

protect mangrove, giving them potentially misleading phrases like ‘Reserve Status’ (Tanzania) or 

‘Reserved Forest’ (Bangladesh, Myanmar). However, this frequently translates into limited 

enforcement and protection at ground level (Dahdouh-Guebas et al., 2000; Glaser and da Silva 

Oliveira, 2004; Iftekhar and Islam, 2004; Marschke and Nong, 2003; Nurse and Kabamba, 2000; 

Sudtongkong and Webb, 2008; Zorini et al., 2004).    In the Philippines (López-Hoffman et al., 2006) 

and Brazil (Glaser and da Silva Oliveira, 2004) rarely are the restrictions on extraction of mangrove 

wood enforced by local authorities, government mangrove agencies or national guard, despite 

mangrove’s legal protection. The mangroves of the Tanintharyi region of southern Myanmar remain 

under significant illegal commercial extraction pressure for fuelwood for fish processing and charcoal 

production, despite a national ban on cutting (Zockler, 2016). Hence the reality of national legal 

protection is often benign neglect by mangrove agencies with potential encroachment for 

aquaculture or other land uses or urban development into the forests (Marschke and Nong, 2003; 

Walters, 2004). 

As a result of threats to or over-exploitation of mangroves at multiple levels, many villages have 

developed some form of community mangrove management.  Here it should be noted that care 

must be taken when using terms such as community or village as it cannot be assumed that these 

form harmonious, homogenous groups, but rather might be affected by caste, history, religion and 

many other factors (Agrawal and Gibson, 1999; Waylen et al., 2013).   Community forest 

management (CFM) has the potential of being an effective method of managing natural resources 

because it can provide efficient and cheap forest management, with the possibility of delivering 

outputs in a form that is most appropriate to the people living nearby who use them. The underlying 

assumption is that if a community has a stake in its local forests or indeed relies on them, it has an 

incentive to look after them sustainably (Datta et al., 2012; Senyk, 2005) and to bring appropriate 

local knowledge to bear.  Living in the vicinity of the mangroves, villagers can patrol, protect, 

monitor changes and adherence to by-laws more easily than distant officials.  Government 

mangrove managers are starting to recognise the benefits of community mangrove management 
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and facilitate its development. Villagers can potentially move towards a sustainable use of this 

natural resource if the community has rules, village-wide enforcement and credible sanctions 

governing their use.  The development and application of community mangrove management rules 

are explored in Chapter 3. 

As discussed, healthy mangroves can greatly enhance the livelihoods of local coastal villagers, and 

the poorest in particular (Sunderlin et al., 2005), as a result of the ecosystems services and benefits 

they provide (Moberg and Rönnbäck, 2003; Sinfuego and Buot, 2014).  To realise some of these 

benefits, wood extraction is required to provide materials for construction, fish traps, fish 

aggregating devices and fuelwood for cooking, as there are often few affordable alternatives (Badola 

et al., 2012; Glaser and da Silva Oliveira, 2004).  In most countries mangroves remain under 

unquantified levels of informal local cutting pressure that is diffuse and chronic (Walters, 2005b). 

This unregulated and often covert extraction means that the mangroves are subject to unplanned, 

passive management-by-default without the planning overview that is the hallmark of sustainable 

forest management.  As a result, government and village mangrove managers are likely to have only 

a limited understanding of the resulting stand quality and sustainability (terms defined later).  

Therefore, to assist mangrove-interested organisations and stakeholders, simple qualitative 

measures of mangrove quality and sustainability are proposed that will help describe current forest 

health and sustainability, and over time a direction of change. While not attempting to produce 

absolute quantification of quality and sustainability, these measures, discussed in Chapter 4, will 

enable ranking of forests and thereby the prioritisation of external assistance and intervention to 

communities whose mangroves are at the greatest risk of loss. 

This thesis concludes with by drawing several ideas together and places some of the findings in a 

wider context. Chapter 5 also provides some recommendations for mangrove managers at all levels. 
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CHAPTER 1.  MANGROVE AREA AND PROPAGULE NUMBER PLANTING 

TARGETS PRODUCE SUB-OPTIMAL REHABILITATION AND 

AFFORESTATION OUTCOMES3 

1.1 ABSTRACT 

Mangrove rehabilitation projects often fail completely or fail to meet their objectives.  This study 

examines village-level rehabilitation planting carried out in 13 villages (119 rehabilitation attempts at 

74 sites) across two countries in southeast Asia, to assess village-level rehabilitation effectiveness, 

and to identify what factors influenced outcomes. Mean propagule survival across all rehabilitation 

attempts was 20% with a median of 10%.  Sixty six percent of attempts had a survival rate of less 

than 20%.   Mid mangrove zone projects were more successful (mean 30%) than rehabilitation 

projects at other elevations.   Planting on mudflats, representing 32% of rehabilitation / 

afforestation attempts, achieved only a 1.4% propagule survival rate.   The overall low success rate 

was due to several inter-related factors.  Poor site / species matching on high and low elevation sites 

was common; for example, Rhizophora spp. was used alone or in combination at least 65% of the 

time, including on mudflats where this genus is ecologically unlikely to establish. Site selection was 

often driven by the desire to achieve centrally defined area or propagule planting targets, rather 

than survivorship targets, and thus required large, uncontested project areas. Conversely, the 

presence of natural regeneration, even if in small amounts, was associated with higher than average 

success. Therefore, it was estimated that only 16% of planting attempts were actually necessary.    

 
3 This chapter has been published in Estuarine, Coastal and Shelf Science. (Wodehouse and Rayment, 2019).  
https://doi.org/10.1016/j.ecss.2019.04.003 

https://doi.org/10.1016/j.ecss.2019.04.003
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1.2 INTRODUCTION 

1.2.1 Mangroves are Particularly Beneficial to the Poorest Coastal Villagers 

Mangroves form highly productive ecosystems, (Alongi, 2009a) which provide many direct and 

indirect benefits and services (Moberg and Rönnbäck, 2003; Saenger, 2002; van Oudenhoven et al., 

2015).   These services are particularly valuable and relevant to the poorest members of coastal 

villages (Glaser and da Silva Oliveira, 2004; Kairo et al., 2001; Springate-Baginski and Than, 2011; 

Stevenson et al., 1999; Sunderlin et al., 2005).  They include a nursery function for fish and shrimp 

(Saenger et al., 2013; Salmo III et al., 2018) and provision of wood for construction and fuel for 

cooking (Moberg and Rönnbäck, 2003).   

1.2.2 Mangrove Losses Declining, but Measurement is Challenging 

In previous decades, management of mangrove loss has proved challenging. This was as a result of 

low-resolution remote sensing imagery and of classifying mangrove as opposed to other types of 

vegetation. Furthermore, there has been a lack of a definitive methodology for identifying and 

classifying ‘mangrove’ at different levels of degradation and canopy cover (Giri et al., 2011; Hamilton 

and Casey, 2016).  Within the 21st century, global losses have been reported to be 0.16% - 0.39% per 

year, indicating a slowing of the rate of loss from the 1980s (0.99%) and 1990s (0.7%) (Hamilton and 

Casey, 2016).   

Southeast Asia has historically seen some of the greatest losses.  For example, mangrove cover in the 

Philippines has fallen from 450,000ha in 1900 to 120,000ha in 1995 but the rate of loss has slowed 

to 0.1% per year since 2000 (Long et al., 2014; Primavera and Esteban, 2008).   In Thailand, using 

1961 as a baseline, less than half of all the mangroves remain (Aksornkoae, 2004).  From 2000 - 

2012, Thai losses were 0.69% per year (Hamilton and Casey, 2016). 

1.2.3 Mangrove Rehabilitation Initiated for Many Reasons and by a Variety of Actors 

Following natural disasters such as the Indian Ocean tsunami of 2004 and cyclone Haiyan / Yolanda 

in the Philippines, and to recover some of the goods and services provided by mangroves, there have 

been significant efforts to rehabilitate areas of converted or degraded mangroves (Aung et al., 2011; 

Primavera et al., 2011; Primavera and Esteban, 2008). This effort has included attempts to afforest 

new areas that were previously not inhabited by mangroves.  Most often, governments have 

commissioned mangrove rehabilitation programs through forestry and environment departments, 

which in turn have sometimes engaged local villages to assist. Occasionally, communities and villages 

have initiated their own rehabilitation projects. Examples include Pred Nai in Thailand (Fisher, 2000; 

Senyk, 2005) and Myanmar (Springate-Baginski and Than, 2011). There are also reports of 
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rehabilitation by individuals within coastal villages, in the Philippines (Walters, 2004, 2000, 1997; 

Walters et al., 2005) and Thailand (pers. obs.).  

1.2.4 ‘Restoration’ or ‘Rehabilitation’? 

The scientific literature often uses ‘restoration’ and ‘rehabilitation’ interchangeably (van 

Oudenhoven et al., 2015) or uses other words including repair, reclamation, reforestation, 

conservation, afforestation or eco-development (Duke, 1996).  Restoration might be defined as 

recovering an area back to an assumed original ‘pristine’ ecosystem, implicitly including the 

restoration of mangrove functionality (Kairo et al., 2001; Stevenson et al., 1999; Walters et al., 

2008). However, the word is often used more broadly (McDonald et al., 2016).    Rehabilitation is an 

attempt to recover some of the ecosystem functions or to find another stable use for the land 

(McDonald et al., 2016; Stevenson et al., 1999; Walters, 2008 but see Field, 1999).  The debate 

concerning these terms continues (see Dale et al., 2014 for a review).  While acknowledging this 

debate, and the need for clarity of definition for legal purposes and for setting expectations (Dale et 

al., 2014) this paper will use the term rehabilitation.  Similarly, care is needed when describing areas 

as ‘degraded’, because the perception of whether an area is partially degraded or not is affected by 

cultural expectation and land management intensity (Hobbs, 2016).   Furthermore, changes to an 

ecosystem’s state may be adjustments beyond those caused by normal forest growth and 

development processes, leading to a new equilibrium as a result of climate change or long-term 

variation of weather patterns (Hobbs, 2016; Mansourian et al., 2017).  

1.2.5 What is ‘Successful’ Rehabilitation? 

In principle project outcomes should be assessed in relation to stated project objectives, and this is 

crucial in the planning of any mangrove rehabilitation work (Field, 1996; Lewis, 2000; Saenger, 

2002).  When viewing rehabilitation outcomes from a narrow standpoint, ‘success’ may be claimed 

after five to seven years, because this indicates probable long-term survivorship (i.e. to reproductive 

maturity) and eventual (re)establishment of a mangrove stand (Bosire et al., 2008; Kodikara et al., 

2017b).  Salmo III et al. (2013) focused on vegetation and soil parameters in a study of monospecific 

plantations. Their study suggested that mangrove ecosystem stability might be reached by 11 years, 

and that ecological characteristics resembled natural mangroves after 25 years.  Other indicators of 

success have focused on the whole ecosystem and consider that success can be claimed when the 

hydrological normality of a mangrove has returned (Asaeda et al., 2016).   Alternatively 

rehabilitation assessment might compare project sites to natural mangroves (McDonald et al., 2016) 

but not in terms of succession (Ellison, 2000).   Despite sometimes being an appropriate long-term 

measure, comparing project sites to old-growth mangroves is particularly difficult in countries such 
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as Thailand and the Philippines. This is because much of the natural mangroves have been cut-over 

for charcoal or fuelwood and replanted with a less diverse range of species (Alongi, 2002).  

Resources permitting, a more comprehensive approach is ecological rehabilitation (the literature 

often uses restoration in this case) (Asaeda et al., 2016; Ellison, 2000; Lewis, 2005; Walters et al., 

2008). This approach looks for the return of full ecosystem function, including outflow of organic 

material to, and habitat connectivity with, linked seagrass and coral systems. This can be relatively 

complete within five years (Saenger et al., 2013).    

While social factors are pertinent, in this chapter we focus on a strictly biological (or silvicultural) 

definition of success – whether planted seeds / propagules survive to establishment. 

1.2.6 Rehabilitation and Afforestation Successes and Failures 

There have been positive mangrove afforestation survivorship outcomes in Bangladesh (Saenger and 

Siddiqi, 1993 but see Moberg and Rönnbäck, 2003) and successful mangrove rehabilitation in Florida 

(Brockmeyer et al., 1996; Lewis, 2005; Lewis and Gilmore, 2007), Philippines (Asaeda et al., 2016; 

Primavera et al., 2012; Walters, 2004) Indonesia, (Lewis and Brown, 2014) and Myanmar (pers. obs.).    

However, many rehabilitation projects fail completely or do not achieve their objectives (Elliott et 

al., 2016; Erftemeijer and Lewis, 1999; Field, 1996; IUCN, 2017; Lewis, 2005; UNEP, 2007) or at best 

produce limited positive results (Alongi, 2002; Aung et al., 2011; Barbier, 2006; Ellison, 2000; Memon 

and Chandio, 2011; Moberg and Rönnbäck, 2003).   Mangrove rehabilitation projects that have 

become established often resemble even-age class, mono-specific plantations rather than natural 

mangrove (Bosire et al., 2006; Ellison, 2000; Field, 1996; Lewis, 2005), bearing little or no similarity 

to the original mangrove (Alongi, 2002). In addition they exhibit only limited species zoning and 

biodiversity (Bosire et al., 2008). However, of greater immediate concern are the often extremely 

low propagule survival rates of these rehabilitation programs.  

Sanyal, 1998 reported that in West Bengal more than 9,000ha were planted with only 1.5% probable 

survival.  In the Philippines, despite significant efforts and financial inputs over the last twenty years, 

survival of planted mangroves remains low at 10-20% (Primavera, 2015; Primavera and Esteban, 

2008; Samson and Rollon, 2008; Walters, 1997).  Similar conclusions have been drawn from Sri 

Lankan rehabilitation programs (Samarakoon, 2012).     

1.2.7 Technical Reasons for Previous Failures 

Why do so many rehabilitation projects fail?  Here we consider the suggestion that the most 

common technical reason for planting failure is poor site / species matching, i.e. choosing an 

unsuitable species to plant for a given site (Aung et al., 2011; Bosire et al., 2006; Lewis et al., 2016; 
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Primavera and Esteban, 2008; Walters et al., 2008).  What is meant by unsuitable?  Individual species 

have differing tolerances to specific biogeochemical factors and gradients present across the 

intertidal area (Saenger, 2002). These include salinity, soil type, soil anoxia, sulphate levels, nutrient 

levels, pH, wave energy, temperature, light levels, inundation regimes (Alongi, 2009b; Tomlinson, 

2016; van Loon et al., 2016), tides and wind distribution of propagules and seeds (van der Stocken et 

al., 2012), and species-selective predation by herbivores (Elster, 2000; Sousa et al., 2003).  Species 

therefore exhibit differing ‘preferences’ for elevation and location within the intertidal zone (Duke, 

2006; Snedaker, 1982; Tomlinson, 2016).  

Closely related to site / species matching is poor site choice.   Often insufficient regard is given to 

understanding local hydrology, topography relative to sea level, and the effects these have on soil 

conditions. These features and affects by high wave energy greatly affect planting outcomes (Aung 

et al., 2011; Brown et al., 2014; Elster, 2000; Hashim et al., 2010; Kairo et al., 2001).  Duration of 

inundation is particularly important (van Loon et al., 2016).  In some cases rehabilitation can be 

achieved simply by reconnecting or improving site hydrology, e.g. by installing culverts under a road, 

reconnecting former aquaculture ponds or reopening lagoons (Brown et al., 2014; Elster, 2000; 

Ferreira and Lacerda, 2016; Lewis, 2014; Twilley et al., 1999).  In contrast, sites that have an 

elevation below that of a natural front mangrove fringe are likely to have permanently saturated soil 

with poor drainage, leading to anoxic and potentially acidic soil (Holguin et al., 2001; Kristensen and 

Alongi, 2006).  These factors have a significant negative impact on the outcomes of projects 

attempting to afforest mudflats and seagrass beds (Asaeda et al., 2016; Samson and Rollon, 2008; 

Stevenson et al., 1999).   

Many rehabilitation projects start planting first without fully understanding the original cause of 

mangrove loss or why there is no natural regeneration on site (Asaeda et al., 2016; Lewis, 2005; 

Walters et al., 2008).  Both of these factors might be mitigated by reducing and removing mangrove 

stressors specific to a site, such as obstructed hydrology or unsustainable anthropogenic activities 

(e.g. harvesting of mangrove wood) (Lewis et al., 2016).   Other reported reasons for failure include 

herbivore grazing and footfall damage, poor planting method, lack of aftercare (e.g. weeding) and 

monitoring (Kodikara et al., 2017b) and barnacle infestation. 

In this paper we describe a study of community-level planting projects to assess survival rates and to 

identify factors that determine success or failure at the project level. 
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1.3 METHODS 

1.3.1 Location of Study Sites 

Although specific regional and local contexts are very important and highly variable, multiple villages 

within two countries were studied in an attempt to produce some general conclusions.  Thailand and 

the Philippines share the same Indo-Malesia bio-geo-climatic zone within the Indo-West Pacific 

(Duke, 2006; Tomlinson, 2016). They have extensive mangrove areas, on which a substantial 

proportion of the coastal inhabitants depend for their livelihoods and food (Balmford et al., 2002).  

Since 1945, both countries have experienced significant mangrove conversion to aquaculture and 

degradation for charcoal and fuelwood production, among other causes (Richards and Friess, 2016).  

Table 1 lists the Thai and the Philippine villages studied in this large-scale investigation. This study 

combined ecological and social research to examine mangrove rehabilitation in the context of 

biophysical, silvicultural and social factors.  Villages were chosen because they were located either 

within or near to an extensive riverine mangrove delta or had a significant area of mangroves 

nearby. In all cases mangroves were considered an important village resource and were used in 

some ways by a substantial part of the village population.   Finally, village members had attempted 

mangrove rehabilitation or afforestation in the past.  The exception to these selection criteria was 

village P3A in the Philippines (Table 1) which was included as it had conducted a record-setting ‘1 

million propagules in an hour’ planting project (Escandor, 2012).  Except for this final record-setting 

planting, all Philippine planting discussed here was funded by the National Greening Program 

(Department of Environment and Natural Resources, 2016), a large-scale bio-shield establishment 

scheme initiated after typhoon Yolanda / Haiyan in 2013.  Some rehabilitation or afforestation sites 

had been attempted more than once and each attempt was assessed.  A site was defined as an 

individual plot or area villagers had attempted to rehabilitate or afforest as a discrete project.  In 

total 119 attempts at rehabilitating 74 sites were assessed. 
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Table 1. Site information of villages studied in Thailand and the Philippines and their mangrove rehabilitation projects 

  
Thailand 
 

Village Number 1 2 3 4 5 6 

Village Code 
 

T1A T1B T2A T2B T3A T3B 

Approx. Lat Long 
 

6.8° N  
99.7° E 

6.8° N  
99.7° E 

7.8° N,  
99.1° E 

7.8° N, 99.1° E 8.4° N,  
99.9° E 

8.4° N,  
99.9° E 

Province 
 

Satun Satun Krabi Krabi Nakorn Sri 
Thammarat 

Nakorn Sri 
Thammarat 

Number of 
Rehabilitation Sites 
Assessed 

13 11 9 6 5 3 

Village Mangrove 
Area (Ha)1 

407 592 319 176 3,894 257 

Approximate 
Research Dates 

Sept – Nov 2013 Dec 2013 – Feb 
2014 

Feb – May 2014 June – Aug 
2014 

Oct 2014 – Feb 
2015 

Feb – May 2015 

  
Philippines 
 

Village Number 1 2 3 4 5 6 7 

Village Code 
 

P1A P1B P2A P2B P2C P2D P3A 

Approx. Lat Long 10.8° N, 
119.5° E 

10.8° N, 
119.5° E 

14.1° N 
123.3° E 

14.3° N 
123.3° E 

13.9° N, 
123.2° E 

14.0° N,  
123.2° W 

13.8° N,   
122.8° E 

Province 
 

Northern 
Palawan 

Northern 
Palawan 

San Miguel Bay, 
Luzon 

San Miguel 
Bay, Luzon 

San Miguel 
Bay, Luzon 

San Miguel Bay, 
Luzon 

Camarines Sur, 
Luzon 

Number of 
Rehabilitation Sites 
Assessed 

10 8 3 3 1 1 1 

Village Mangrove 
Area (Ha)1 

126 856 Unknown Unknown Unknown Unknown NA 

Approximate 
Research Dates 

Sept – Dec 
2015 

Jan – Apr 
2016 

May 2016 May 2016 May 2016 May 2016 May 2016 

1. Source: Local Dept. for Marine and Coastal Resources field offices (Thailand) and Dept. of Environment and Natural Resources field office (Philippines). 

 

Many mangrove rehabilitation projects were attempted by Thailand’s Department for Marine and 

Coastal Resources (DMCR) and the Philippine Department of Environment and Natural Resources 

(DENR) in the 1980s and 1990s.  However, this study looked only at more recent planting from 

approximately 2007 onwards, which involved participation by local villages.  Assessment of village 

P1A’s (Philippines) rehabilitation ability was expanded because this village was commissioned by the 

government to plant not only within its own territory, but also in neighbouring villages.  All 

accessible P1A-rehabilitated sites were assessed because the planting team and the techniques used 

were the same.  Some rehabilitation was carried out in both Thailand and the Philippines while the 

lead author was present in the village, (T1B Jan 2014, T3A Dec 2014, P1A Oct 2015) providing an 

opportunity to act as an observer and witness techniques.   
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1.3.2 Assessment Method 

1.3.2.1 Initial Visits with Village Mangrove Expert 

During initial scoping interviews with villagers and village leaders, opinions were sought to ascertain 

which resident was most knowledgeable about their mangroves. In all villages consensus about a 

mangrove expert readily emerged, thus negating the need to perform a village expert ranking 

exercise (Chalmers and Fabricius, 2007; Davis and Wagner, 2003).  All rehabilitation sites were then 

visited initially with the village mangrove expert to record site history, reasons for the previous 

degradation, history of the rehabilitation effort(s), planting dates, details of site preparation, 

silvicultural practice and species choice.   Site details recorded included presence / absence of trees, 

presence / absence of natural regeneration (indicating whether a site might naturally regenerate on 

its own) and hydrological connectivity. Also recorded were site elevation (section 1.3.2.3), soil type 

(sand, silt or clay), presence of standing water and post-hoc interventions such as the use of fencing. 

In addition other factors likely to affect rehabilitation and plant establishment were noted, such as 

evidence or presence of grazing livestock or trampling damage.   Soil salinity was measured either 

from available soil pore water or groundwater sourced from minor excavations up to 15cm deep 

(Bellingham and Stanley handheld refractometer). However, it should be noted that it was not 

always possible to measure salinity in some of the high mangrove zone assessments because of a 

lack of available soil water. This might have skewed the resulting analysis. The direction of this 

potential skew is uncertain. The locations of the boundaries of all the rehabilitation sites were 

recorded via a handheld GPS (Garmin 62stc). Subsequently these GPS waypoints were employed to 

calculate the area of each site using Google Earth Pro.  All site features were photographed.   

Because several sites were planted more than once, a distinction has been made between ‘attempt’ 

(n=119) and ‘site’ (n=74). Wherever possible, all previous attempts on the same site were evaluated 

(38% of assessments) as well as the final (or only) attempt on a site (62%).    Seventy-five of the 

attempts were in Thailand, 44 in the Philippines. The majority of the rehabilitation sites were <0.3ha, 

ranging from 0.001 – 50ha (SD ±7.73ha).  The cumulative total area assessed was 164ha.   

1.3.2.2 Mangrove Establishment: Counts, Extrapolations and Area Calculations 

Although there are a range of factors that could be measured when assessing rehabilitation (see 

Dale et al., 2014 for a review), propagule or seedling survival is an unequivocal measure of whether 

the plants had managed to establish and survive or not.  Presence or absence of natural 

regeneration was noted at the time of assessment - distinguishable from planted material by not 

being in lines, unevenly spaced, without canes and often of a pioneer species - but which did not 

contribute to survival scores. Plant health and vigour was also noted at the time of assessment.   
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Three techniques were used to assess survival depending on different planting ages and types of 

sites. 

Preferentially, a ‘full count’ method was used for more recent planting events as both Thai and 

Philippine villages usually used canes which indicated where planting material had been inserted.  

Planting was frequently conducted in straight lines and even spacing.  Therefore, for more recent 

planting projects (i.e. less than 1-2 years old) in less exposed sites, missing or absent plants were 

immediately obvious due to the resulting gap left in the lines of plants.  Where possible every plant 

was counted for each generation of planting (if applicable).  However, ten large-scale planting 

attempts were too extensive to allow each surviving plant to be counted.   These extensive sites 

were stratified by elevation, exposure and channel edge / interior.  Sub-plots were assessed to 

incorporate all significant variation of a site in order to achieve a minimum sample of at least 10% of 

the surviving plants. 

Where full count inventory was not possible, totals were extrapolated from surviving patches of 

planting to the whole site. Some rehabilitation sites were too small or too fragmented to justify 

planting in lines.  If present, surviving patches indicated how densely the site had been planted 

originally.  In combination with a site history and the opinion of the village expert, total numbers 

planted were estimated and contrasted with survivors present, to produce a survivorship percentage 

for each generation of planting (if applicable).  

In some cases, particularly on mudflat sites, there was often little trace of planting activity, or 

insufficient survivors to assess survivorship either via the ‘full count’ method or by extrapolation of 

surviving patches.  Therefore the village expert and participants of the planting indicated as 

accurately as possible the boundary of the planted area, which was then marked by GPS. Having 

then counted every surviving plant within this defined planting area, Google Earth Pro was used to 

determine the area of the planting site.   The stated planting spacing, normally 2x2m, was then used 

to calculate numbers originally planted.  By dividing the number of surviving plants by the estimated 

number that had originally been planted, a survivorship percentage could be produced.   For 

example, a planting area described by the village expert, marked by GPS, drawn as a polygon on 

Google Earth Pro might be revealed to cover 10ha. If the stated planting density was 2x2m spacing, 

this area would have originally had 25,000 plants.  If the survivors counted within this defined 

planting area numbered 500, the survivorship was 2%. 

These three different methods of survivorship assessment engendered different levels of 

confidence.  To reconcile possible differences between methods, a post-hoc resampling was 
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conducted using the extensive field photography to reassess all 74 sites.  On the assumption that the 

‘full count’ method produced the most accurate, bias-free estimate of survival, we recalibrated 

‘extrapolation from surviving patches’ against the ‘full count’.  This post-hoc reassessment suggested 

that there was only a minor under-estimation of survival at low levels of survival, and a 

corresponding minor over-estimation of survival at higher levels of survival.  Therefore, once 

reconciled, all three data sets were subsequently treated in the same manner.  ‘Full count’ method 

was used for 38% assessments, ‘extrapolation from surviving patches’ 52% and ‘counts within a 

defined area’ 10% of attempts.   

1.3.2.3 Mangrove Zones and the Quality of the Hydrological Connection 

On any of the sites examined, several biotic and abiotic gradients were potentially affecting where 

mangroves lived, resulting in distinct bands of species. Most influential among these factors was the 

frequency and duration of a site’s inundation due to its elevation relative to sea level (van Loon et 

al., 2016).   Following Duke (2006) and Tomlinson (2016), bands of mangrove species were classified 

into three zones. The ‘low’ zone, which started at approximately mean sea level, received inundation 

at high tides >45 times a month and was characterised by species such as Sonneratia alba and 

Avicennia alba.   ‘Mid’ zones were inundated by normal high tides 20 to 45 times a month and were 

the home of Rhizophora spp. and Ceriops tagal.  ‘High’ or ‘back’ zones received inundation <20 times 

a month at high tide and included back mangrove species such as Heritiera littoralis, Lumnitzera 

spp., Scyphiphora hydrophylacea and Acrostichum spp.  Mudflats, which normally occurred between 

lowest water and mean sea level, were inundated by every high tide.  Site elevation was estimated 

by visual assessment of the topography, mangrove species present, level of water in or on the soil 

and the number of tides per month that inundated the site in the estimation of the village mangrove 

expert. 

Table 2 illustrates the distribution of rehabilitation attempts within these mangrove zones.  Most 

rehabilitation or afforestation attempts were on mid mangrove areas (52%), mudflats (30%), 

together with high zone areas (13%).     

Table 2. Frequency of rehabilitation attempt by mangrove zone, by country 

 

Position of Rehabilitation Attempt  

Relative to Tidal Inundation Regime 

Total Mudflat Low Zone Mid Zone High Zone 

Country Thailand 7 1 52 15 75 

Philippines 29 4 10 1 44 

Total 36 5 62 16 119 
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Mid and high zone rehabilitation sites varied greatly in hydrological connection to tidal flushing, thus 

elevation per se was not necessarily a good indicator. Instead better hydrological connection was 

judged by the following indicators: 

➢ greater number of days a month the site was inundated, according to the village expert 

➢ many seeds / propagules present on the ground not directly under a potential seeding tree 

(indicating that inundations were able to transport them onto the site) 

➢ greater presence of established mangrove natural regeneration (indicating that soil drainage 

was adequate for plant growth) 

➢ wet soil and other evidence of the area having been recently inundated (e.g. visible tide line) 

➢ a lack of extensive areas of standing water (indicating better drainage and suggesting a 

better quality of soil, as saturated soils are less well suited for mangrove establishment) 

➢ a lack of visible salt crystals on the soil surface (indicating that sufficient inundation was 

avoiding a build-up of salt – a stressor for all mangroves) 

➢ limited plant / tree stress indicators (e.g. canopy die-back, stunted plants, abnormally small 

leaves, a proliferation of prop roots on Rhizophora sp.) 

➢ fewer dead leaves on the ground (indicating that they had been washed away) 

➢ no significant debris within the channels, e.g. from cutting for charcoal production (debris 

would slow water flows, inhibit the distribution of seeds and propagules and increase the 

chance of sedimentation within the channels) 

A qualitative decision was made by weighting all the above criteria equally. Each site’s hydrological 

connectivity was classified as either ‘good’ or ‘partial / poor’ based on the preponderance of 

indicators of good connection compared to indicators of poor connection.  Mudflats and lower 

mangrove elevations by definition have good connectivity to the local hydrology and therefore were 

not assessed for the quality of their hydrological connection. 

1.3.2.4 Time Since Planting 

One hundred and nineteen attempts at mangrove rehabilitation or afforestation were evaluated 

over 74 sites.  Of these attempts 36 were assessed less than 12 months after planting. We 

attempted to achieve a balance between including the maximum amount of data possible yet 

avoiding false-positives by excluding planting that had not yet had sufficient time to either establish 

or fail to establish. The cut-off was set at one year. The exception to this cut-off period was planting 

attempts where survivorship was ≤5% (14 planting attempts) as the planting within these attempts 

had already clearly failed.  Therefore 97 attempts were retained for analysis.  
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Table 3.  Time between planting and assessment, by frequency of rehabilitation attempt 

Time between Planting Attempt and Assessment All Attempts Assessed Planting Attempts Retained for 

Further Analysis 

< 1 Year 36 14 

13 – 24 Months 29 29 

> 2 Years 

 

54 54 

Total 119 97 

 

1.3.2.5 Criteria for Judging Whether Planting was Required 

An assessment was made as to whether each mangrove rehabilitation site might have regenerated 

naturally, whether rehabilitation should never have been attempted at that site, or whether planting 

was necessary and appropriate. Whether planting was necessary and appropriate or not was 

assessed by the following indicators: 

➢ an absence of natural regeneration and / or a lack of successful establishment of natural 

regeneration. (It should be noted that planted material can encourage natural regeneration, 

either by physically trapping seeds and propagules or improving the quality of the soil 

sufficiently for other species to establish.) 

➢ appropriate site elevation for mangrove establishment relative to sea level, and resulting 

inundation regime, (i.e. within either low, mid or high mangrove zones, with duration and 

frequency of flooding, as described in section 1.3.2.3.).  Mudflats, extending from 

approximately mean sea level down to lowest water, hydrological channels and areas of 

standing water were deemed inappropriate places for planting and ecologically unsuitable 

for mangrove establishment (Lewis, 2005) 

➢ low expected wave energy (the assumption was that young plants that were subject to 

significant wave energy will be damaged or uprooted and washed away.) Assessment 

included evidence of erosion, whether the site was directly open to the sea and the opinion 

of a local mangrove expert 

➢ soil mechanically firm enough to anchor a propagule or seedling appropriately, not so soft as 

to allow the researcher to sink into the mud up to the knees 

➢ minimal levels of significantly-sized debris on site (which might be lifted by the tide and 

damage vulnerable plants) 
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➢ no inhibiting social factors such as uncontrolled animal grazing, boat impact, damage from 

footfall or destruction from the use of damaging fishing gear which scrapes along the 

sediment surface uprooting natural regeneration 

A qualitative decision was made by weighting all the above criteria equally, and classifying each site 

as either requiring planting, able to naturally regenerate on its own, or an inappropriate site that will 

never become mangrove, based on the preponderance of indicators described above. 

1.3.3 Research Method Limitations 

More sites were assessed in Thailand than in the Philippines.  Where possible, information from the 

village expert was cross-checked against interviews with government mangrove agency field office 

staff, villagers, and by direct observation, to reduce recall error.   

Plant health, vigour and biomass characteristics were not included in survivorship assessment, but 

were taken into account for the quality of hydrological connection, the appropriateness of the site 

and species choice, and whether or not a site required planting. This inevitably involved an element 

of judgement and site interpretation, and consideration of factors such as the frequent seasonal 

floods in southern Thailand and watershed-scale hydrological disturbance in villages T3A and T3B 

(Osbeck et al., 2010; Prabnarong and Kaewrat, 2006), or the reduction of precipitation due to the ‘El 

Nino Southern Oscillation’ event that occurred during the research period (L’Heureux et al., 2017).    

Separating and discarding 22 planting attempts which were ‘too early to judge’ (Table 3) from those 

which had had ‘enough time’ to establish or fail, may have negatively affected survivorship results, 

but may also have removed potential real positives as well as false positives. A brief comment on 

retaining the ≤5% survivorship attempts is in the Discussion (section 1.5). 

Although benchmarking against other mangroves (McDonald et al., 2016) might have been suitable 

in countries where there is pristine mangrove nearby, Thailand and the Philippines have very little 

mangrove which has not been replanted after charcoal / fuelwood concessions, subjected to 

species-selective felling or had natural Sonneratia / Avicennia forests replaced by Rhizophora spp. 

planting, such as in Banacon Island, Philippines, or Pak Phanang Bay, Thailand (Macintosh et al., 

2002; Osbeck et al., 2010; Walters, 2005b).   Mangrove workers who have suggested that 

rehabilitation projects should aim for and be judged by ecological rehabilitation criteria (Asaeda et 

al., 2016; Ellison, 2000; Lewis, 2000; Walters et al., 2008) are by implication working towards the 

conditions which allow the return of full ecosystem function (Saenger et al., 2013).  Although 

appropriate in theory, using such criteria presents a practical problem as a result of the extensive 

time needed between planting and full recovery of ecosystem function.  To have a chance of 
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returning an area to functioning mangrove forest, the initial planting must first survive any 

transplant shock and establish itself.  The data presented here only describe this initial 

establishment. We acknowledge that planting which might become established and grow into a new 

stand and might therefore be deemed successful, could still potentially fail to deliver the full suite of 

ecosystem benefits.  Examples of this later failure include mangroves used to stabilise the walls of 

aquaculture ponds but which have little hydrological connection, or when mangroves are planted in 

drainage channels which block the local hydrological connection, leading to eventual ecosystem 

failure.     

1.3.4 Statistical Tests 

The difference between 13-24 month and >2-year planting survivorship was tested using a Mann 

Whitney-U test. The null hypothesis was that there was no difference in survivorship between 

planting 13-24 months previous to assessment compared to planting older than two years. 

The difference in planting survival between Thailand and the Philippines was analysed using a Mann 

Whitney-U test. The null hypothesis was that there was no difference in survivorship between 

countries. 

The relationship between salinity and survival was explored using a Spearman’s correlation. The null 

hypothesis was that there was no relationship between salinity and survival.  

The difference in survival between planting material used was analysed via a Mann Whitney-U tests. 

The null hypothesis was that planting material (direct planting of propagules, bagged seedlings or 

wildlings) made no difference to survival rates. 

The difference between survival rates in mid or back mangrove areas with good hydrological 

connectivity as opposed to partial / poor hydrology was examined using a Mann Whitney-U test. The 

null hypothesis was that good or partial / poor hydrological connectivity made no difference to 

mangrove survivorship.  

Whether there was a significant difference to survivorship if natural regeneration was present or not 

was examined using a Mann Whitney-U test. The null hypothesis was that there would be no 

difference in planting survivorship between sites with natural regeneration or without.  
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1.4 RESULTS 

1.4.1 Site Descriptors and Demographics for All 119 Attempts 

Hydrological connection, by definition, was complete for mudflats and low zone mangroves.   

However, for mid and high mangrove zones, some only had partial / poor connection and drainage 

(section 1.3.2.3) with a limited exchange of water at each tidal flushing, and areas of standing water.  

Of all the attempts within mid and high mangrove zones (n= 80) only a quarter (26%) had a good 

hydrological connection.   There was no evidence that any measures had been taken to improve 

hydrological connection in those sites with partial / poor connection.  Occasionally, hydrology was 

made worse (e.g. village T2A), by skimming the grass off a site with a bulldozer during site 

preparation, thereby filling the drainage channels in the process.  On other sites, previous tree felling 

for charcoal had left brush and debris in the channels (e.g. village P1A), slowing the flow of water 

and increasing sedimentation in the channels. 

High and mid zone mangrove soil salinities (both 27ppt, SD ±2 and SD ±8 respectively) were slightly 

less than low zone salinity (33ppt, SD ±2.3), which in turn was less than sea water (normally 

approximately 35ppt).   Partial / poor hydrology appeared not to affect average mangrove soil 

salinity as much as the presence of fresh water input from rivers flowing into mangrove deltas. 

A majority of rehabilitation attempts (65%) ‘direct planted’ propagules into the soil.  Thirteen 

percent of attempts (all in the Philippines) used ‘wildlings’, young plants with 2-5 leaf pairs, pulled 

out of their original location and transplanted as bare-root stock.   Eleven percent of rehabilitation 

attempts used polybagged seedlings. Rehabilitation was left to natural regeneration in only two 

instances, which have been included in the analysis because using this form of rehabilitation was a 

conscious decision on the part of the village (T2A) conservation group. 
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Fig. 1 illustrates in which zone the different types of planting material were used.  This broad 

distribution suggests there was little relationship between planting material used and site elevation. 

Direct planting of propagules was the most common across all species except Nypa fruticans. 

 

 
Figure 1. Frequency of planting attempt by, mangrove zone, by type of planting material use. (Nat regen has been excluded 

for clarity). 

 

By species, Rhizophora spp. was used in the majority of planting; alone in 52% of attempts and in 

conjunction with other mid mangrove species (e.g. Ceriops tagal, Bruguiera spp.) another 13% of the 

time. 
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Other mid mangrove species such as Ceriops tagal and Bruguiera spp. were planted 19% of the time 

(Fig. 2). ‘Mix’ (n=6) denotes when a selection of (rarely more than three) species was used from 

more than one mangrove zone. These often but not always included Rhizophora spp., along with C. 

tagal, Bruguiera spp. and very occasionally mangrove associate Pandanus tectorius (Kitamura et al., 

1998; Tomlinson, 2016). 

 

 
Figure 2. Proportions of mangrove species planted, by mangrove zone 
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1.4.2 Rehabilitation Successes and Failures 

All analyses from this point onwards excludes the 22 attempts assessed as ‘too recent to judge’ 

(section 1.3.2.4) unless otherwise stated.  For this reduced subset of rehabilitation attempts (n=97), 

the mean survival rate was 20% (SD ±23.4) with a median of 10%, Fig. 3, the median or middle score 

being less affected by a non-normal or skewed distribution of data and extreme scores (Field, 2018).   

  

 
Figure 3. Percentage survival rates by frequency of planting attempt. Mean survival 20%, median 10% 
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The difference between 13-24 month and >2-year planting survivorship was not significantly 

different (U=719, Z=-0.61, p=0.54), indicating that most propagule death occurred within the first 

year after planting, Table 4. 

Table 4. Mean (median) survivorship by time between planting and assessment 

Mean Survivorship by Time Between 

Planting and Assessment 

< 1 Year 13-24 months  > 2 Years  

 

Total 

Mean Survival %  (Median) 1.6 (1) 23.9  (10) 22.8  (12.5)  

SD 2 27.4 22  

N 14 29 54 97 

 

Median planting survival varied significantly (U=570, Z=-4.2, p<0.001) between Thailand (19%, SD 

±24.3, n=58) and the Philippines (1%, SD ±18.8, n=39). This reflected a tendency to attempt to 

afforest mudflats in the Philippines.  The mean survival for mudflats was low (1.4%, median 0.0%, SD 

±3.6, n=31) compared to mid mangrove zones (30.1%, median 23%, SD ±22.5, n=48) or high 

mangrove zones (25%, median 10%, SD ±28.3, n=13).   Salinity exhibited a significant inverse 

relationship with planting survivorship (r(79)=-0.57, p<0.001).  
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Fig. 4 shows the survival rates by mangrove species.  The mean survival rate of Rhizophora spp. was 

11% (median 1.5%, SD ±20.4, n=50), despite being the most popular choice for planting.   The 

establishment of Nypa fruticans was similarly poor (9%, median 5.5%, SD ±10.4, n=5).  Other mid-

mangrove species fared better with a mean survival of 29% (median 17%, SD ±26.8, n=20), as did 

‘Mix’ (i.e. a range of species from more than one mangrove zone, 46.2%, median 49%, SD ±22.8, 

n=6). 

 
Figure 4. Planting survival rates by species planted 
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While there was no significant difference in survival between directly planted propagules and 

bagged plants, (U=222, Z=-0.99, p=0.32), there was a significant difference between propagules and 

wildlings (U=267, Z=-2.3, p = 0.024), and between bagged plants and wildlings, (U=27, Z=-2.29, 

p=0.023), Fig 5. 

 
Figure 5. Planting survival by type of planting material used. (Direct planting of propagules, seedlings in polybags or 

wildlings) 

 

Bagged plants (mean survival 27.6%, median 23%, SD ±26.6, n=9) were either Nypa fruticans, Ceriops 

tagal or very occasionally mangrove associate Pandanus tectorius.  Otherwise, planting was ‘direct 

planting’ of propagules into the substrate (mean survival 20.2%, median 10%, SD ±23.9, n=62). 

Transplanted ‘wildlings’ (bare root stock, always Rhizophora spp., mean survival 5.4%, median 1.5%, 

SD ±8.6, n=14) were only used in the Philippines.   

Within the mid and high zone mangrove areas, mean survival of planted material was significantly 

lower (U=232, Z=-2.01, p=0.038) in sites with partial / poor hydrological connection at 24.8% 

(median 19%, SD ±21.9, n=48), compared to areas with good hydrology where the survival rate was 

39.9% (median 39%, SD ±26, n=15). 
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1.4.3 Interactions Between Variables 

Table 2 shows that mudflats and mid mangrove elevations were frequently chosen as sites for 

afforestation / rehabilitation planting.   Mudflats proved resistant to planting whatever form of 

planting material was employed.   However, mid and high zone sites had better survival of all 

planted materials, and bagged plants (n=9) in particular, Fig. 6.     

 
Figure 6. Planting survival by mangrove zone, by planting material. (Planting material 'Don't know' (n=10) and 'Mixed' (n=2) 

have been omitted for clarity) 
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Fig. 2 (section 1.4.1) indicated the proportions of different species used for planting, at differing 

elevations.  Fig. 7 illustrates that on mudflats and in back mangrove zones, Rhizophora sp. (n=52) 

was not an appropriate genus to use.   However, when Rhizophora sp. was used in zones suitable for 

this genus (low and mid zones), its survival rate improved but was no more successful than ‘Other 

Mid Mangrove Species’ (n=21) which was only used in mid to back elevations.   Nypa fruticans (n=5) 

also performed poorly on mudflats.   

 
Figure 7. Survival of species planted, by mangrove zone. (Mixed species (n=6), natural regen (n=2) have been omitted for 

clarity) 
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1.4.4 Was Planting Necessary? 

Planting survivorship was significantly higher (U=528, Z=-4.69, p<0.001) when natural regeneration 

was present on a rehabilitation site (mean survival 26.3%, median 19% SD ±20.6, n=51) compared to 

when there was no natural regeneration present (mean survival 13%, median 1%, SD ±24.4, n=46).  

Using the criteria described previously (section 1.3.2.5) natural regeneration would have been 

sufficient, and planting unnecessary in 37% of attempts, largely within mid and back mangrove 

zones.  Another 47% of attempts ‘will never be mangrove’ because of inappropriate hydrology or 

being located at an unsuitable inter-tidal elevation. For clarity of depiction, these two categories 

have been combined in Fig. 8 to contrast against the 16% of planting attempts that were considered 

to have been necessary, by mangrove zone. 

 
Figure 8. Percentage of unnecessary / inappropriate planting, against necessary planting, by mangrove zone 
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1.5 DISCUSSION 

The majority of sites that would probably have recovered through natural regeneration alone were 

mid and back mangrove, Fig. 8.  Within these zones, some areas viewed by the villagers as 

‘degraded’ were simply mangroves with natural gaps and desirable forest complexity.  However, 

because they were seen as degraded they were re-planted, which sometimes included clearing 

biodiverse natural regeneration and ‘crown lifting’ of existing non-Rhizophora sp. trees (Walters, 

2004).  Only a few sites that had previously been mangrove before being cleared or degraded, 

normally for charcoal, were not regenerating (16%). Typically, this was due to poor hydrology, hard 

smooth soil making the retention of ‘volunteer’ propagules / seeds difficult or for other reasons such 

as a lack of fencing to keep out grazing animals (Field, 1996).  In these cases planting was necessary 

and might ultimately facilitate quicker mangrove succession (Ferreira and Lacerda, 2016; Lewis et al., 

2016), but with no guarantee of success because the other site-specific mangrove stressors 

(discussed here and in sections 1.2.7 and 1.3.2.5), were often not resolved.  It should be stressed 

again that this study only examined mangrove establishment rather than survivorship to long-term 

reproductive success.  Specifically, that seedlings survived the transplant process and that both 

seedlings and directly planted propagules survived beyond an annual cycle of monsoon and dry 

season. (However, as mentioned in section 1.3.3, in order to retain as much data as possible, 14 

clear results with survivorship ≤5% from planting less than a year old were retained, as this did not 

affect the overall median survivorship score of 10% and only decreased the mean overall 

survivorship by 2.8% (SD=23.9%) percentage points.) 

If planted sites would have regenerated on their own, without planting intervention as 

demonstrated by Lewis (2005) and Brown et al. (2014), this could avoid planting costs and liberate 

financial and labour resources for other management tasks. Generally, the presence of natural 

regeneration is a good indicator that a potential site in suitable for rehabilitation. However, natural 

regeneration can also start to establish in hydrological channels following the failure of the local 

hydrology.  Similarly, although some of the mudflat afforestation attempts were situated near the 

fringe of existing mangrove, and hence were interspersed with a limited amount of pioneer species 

natural regeneration, this did not mean that these sites were potential mangrove areas. In short, 

open mudflats and mangrove drainage channels (47% of 97 attempts) were not ecologically 

appropriate sites, and rehabilitation / afforestation should not have been attempted in these 

locations.    

The mangrove zone within the inter-tidal range runs from above mean sea level (Alongi, 2002; Kairo 

et al., 2001; Lewis, 2005) or upper third (Saenger, 2002) to highest high water.  Knowledge of 
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mangrove species zoning is essential for successful rehabilitation (Kairo et al., 2001).  So-called site / 

species matching has been offered as a key reason for planting failure – i.e. planting inappropriate 

species for a given site and its inherent conditions (Alongi, 2002; Aung et al., 2011; Bosire et al., 

2006; IUCN, 2017; Kodikara et al., 2017b; Primavera and Esteban, 2008; Saenger, 2002; Walters et 

al., 2008).  The failure to improve planting performance despite increased financial spend by NGO-

led projects in the Philippines (Samson and Rollon, 2008; Walters et al., 2008) or the 1bn Peso 

(£14m) ‘National Greening Programme’ in the Philippines (Ranada, 2015) is in part due to the 

frequent planting of mid zone Rhizophora sp. in all zones (Fig. 2). This is possibly because its 

propagules are easy to collect and handle and do not require growing-on in a nursery (Lewis, 2014; 

Primavera, 2015; Primavera et al., 2011; Primavera and Esteban, 2008).  The research described here 

demonstrates the improved success rates associated with planting the correct species for the 

specific mangrove zone (Fig. 7). 

While acknowledging the challenges of hydrological assessment (van Loon et al., 2016), an 

understanding of site hydrology, topography and drainage, and the effects these have on salinity and 

the species chosen, is vital for successful mangrove rehabilitation (Aung et al., 2011; Elliott et al., 

2016; Elster, 2000; Hashim et al., 2010; Kairo et al., 2001; Lewis, 2005; Oh et al., 2017).   Some sites 

can be restored simply by hydrological reconnection or improvement if propagules are available 

from nearby stands via hydrochory (Prach and del Moral, 2015; Stevenson et al., 1999).  Unlike 

Elster's Colombian experience (2000) and Brown et al. (2014) in Indonesia, hydrology was rarely 

considered at our study sites, having been discussed only once at one Thai site (village T3A). 

Occasionally site hydrology was made worse by inappropriate site preparation. This study has 

documented the significant difference improved / adequate hydrology makes to rehabilitation 

success. This therefore suggests that many of the mid and back mangrove sites would have 

benefited from improved hydrological connectivity and drainage. However, guidelines for hydrologic 

rehabilitation are sparse and communication between researchers and mangrove managers appears 

to have been insufficient to change rehabilitation activities.   

Although there was no significant difference in the survival rates of directly planted propagules and 

bagged seedlings (Fig. 5), extrapolation of these results should be done with caution.  Bagged 

seedlings tended to be Ceriops tagal and Nypa fruticans not Rhizophora sp. and were likely to be 

used in a more appropriate zone (Fig. 6).   However, planting of bagged N. fruticans on mudflats 

resulted in total mortality (village T3B).  Bagged material was only deployed if it was provided by the 

government, rather than for ecological or silvicultural reasons and used much less often than direct 
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planting of propagules (section 1.4.1).  Excluding special cases, the resulting small sample sizes were 

too small to make further analysis appropriate. 

Clump planting propagules close together (i.e. < 30cm apart) to allow planted material to benefit 

from a mutually improved rhizosphere (Chan and Baba, 2010; Lavieren et al., 2012) was never 

attempted. Root-balled ‘wildlings’ were not attempted by any group.  Bare-root wildlings were only 

used in the Philippines, where villagers and government staff believed they were more reliable than 

propagules. Contrary to this local belief, bare-root wildlings were significantly less likely to establish 

than other planting material (Fig. 5).  However, because these wildlings were most frequently 

deployed on mudflats, their very low survival (mean = 5.4%) also found by Primavera et al. (2011), 

cannot definitively be ascribed to bare-root wildings being an intrinsically poor silvicultural method.  

Furthermore, poor handling, for example allowing exposed roots to dry out in direct sunlight before 

being re-planted, cannot be ruled out. Poor survival of directly planted propagules might also have 

resulted from propagules being collected from trees before maturity, and planters having only a 

partial understanding of the effects of pests such as Poecilips fallax beetle on propagules. 

Protection from storms and strong winds is often a key motivator for mangrove planting and 

afforestation, particularly in the Philippines where village planting was funded by the ‘National 

Greening Programme’ (Department of Environment and Natural Resources, 2016).  In the medium-

term, the rehabilitation projects described here will produce densely stocked, even-age plantations 

with limited structural complexity.  Structural complexity is characterised by a number of forest 

attributes such as basal area, tree height, tree species, tree density, biomass, foliage arrangement, 

canopy cover and understory (McElhinny et al., 2005). This complexity develops over time but could 

be accelerated through planting a diversity of species at a variety of spatial densities.  This lack of 

complexity should be a cause for concern as research has shown that older plantation stands of 

Rhizophora spp. are more vulnerable to strong winds than other species. Furthermore, they have a 

poor ability to recover from storm damage because they lack latent buds and cannot re-grow from 

the base when the stem is damaged (Bosire et al., 2008; Salmo III et al., 2014; Villamayor et al., 

2016).  In addition the smooth canopy of an even-aged class stand slows wind less than a mixed-

aged stand of uneven height (Villamayor et al., 2016).   

In order to implement the ‘National Greening Programme’, the Department of Environment and 

Natural Resources of the Philippines passes down extensive planting area quotas to the 

department’s field offices. To fulfil these quotas, mudflats are frequently selected as they offer the 

necessary spatial extent (Primavera, 2015).  Although mudflats in both countries might have been 

considered silviculturally inappropriate, these areas typically have uncontested land tenure (for a 
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description of the land tenure issues, see Primavera et al., 2015, 2011; Samson and Rollon, 2011). 

They are therefore easily available, as other researchers have reported (Lewis and Brown, 2014; 

Primavera, 2015; Primavera et al., 2011; Samson and Rollon, 2008; Walters et al., 2008).  Thus 

despite evidence in the published scientific literature, rehabilitation manuals and national media 

(Primavera, 2015; Primavera et al., 2011; Ranada, 2015), planting continues on mudflats, and 

sometimes even seagrass beds, even though mean survival rates were shown here to be <2%.  

Mudflats are particularly valuable for feeding shorebirds, producing income for local gleaners and 

food security (Primavera et al., 2011).  Therefore on the rare occasions that mudflat planting 

survived, normally due to rapid accretion or deposition of sediment (pers. obs.), the value of 

substituting one ecosystem for another has been questioned (Erftemeijer and Lewis, 1999; Lewis, 

2005). 

Similarly in Thailand much of the mangrove management activity was driven by national propagule 

planting targets delegated to the mangrove agency field offices. These targets originated from 

successive four-year National Economic and Social Development Plans (for example, National 

Economic and Social Development Board, 2011; Office of the National Economic and Social 

Development Board, 2001).  Field offices also received additional directives such as planting 840,000 

propagules to celebrate a national event (National News Bureau of Thailand, 2016). Furthermore 

there was often a general desire by villages to carry out communal planting activity on national 

holidays. However, some field offices are starting to negotiate the return of aquaculture ponds 

which had been illegally established within the mangroves and other encroached former mangrove 

areas.  Consequently, more planting was carried out in mid and high mangrove zones (Fig. 7).  

Although the overall success rate was higher, the question remains as to how much of the planting 

was actually necessary. 

This paper and others (Dale et al., 2014; Lewis, 2005; Primavera and Esteban, 2008; Salmo III et al., 

2007; Samson and Rollon, 2008) have suggested that, despite being largely unnecessary, planting 

has tended to dominate mangrove management activity. This is typically endorsed at the national 

level.  Area planting targets set by the Philippines’ National Greening Programme have produced 

sub-optimal outcomes, and planting has also arguably received too much emphasis in Thailand.  

Although such target-driven planting provides quantifiable measures (Mansourian et al., 2017), this 

is unlikely to be aligned with silvicultural best practices. Propagule survivorship would be a more 

appropriate measure, perhaps combined with an emphasis on recovering abandoned aquaculture 

ponds. The area of abandoned ponds in Thailand and the Philippines is not known, but in Indonesia 

alone there is estimated to be around 250,000ha (Gusmawati et al., 2017).   Aquaculture ponds are 
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frequently located in mid and high zone mangrove areas which this study and others have shown to 

be a more appropriate elevation for mangrove rehabilitation. Restoring hydrological connectivity to 

these abandoned ponds to rehabilitate them back to functioning mangrove ecosystems (Primavera 

et al., 2011; Villamayor et al., 2016) would arguably be a more appropriate management task, 

particularly over the coming decades as sea level rise requires mangroves to retreat landward and 

upward (Gilman et al., 2008; Primavera et al., 2011).   
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1.6 CONCLUSION 

This research suggests that attention to a few key factors can enhance rehabilitation outcomes.   

First, mangrove workers should ensure that the appropriate species are planted in the mangrove 

zone for which they are best suited.    Second, appropriate hydrological connectivity with good tidal 

flushing and drainage improves project outcomes.  Third, it is suggested that much mangrove 

rehabilitation is either unnecessary or conducted on sites which are inappropriate.   Fourth, 

attempted afforestation of mudflat sites usually fails and is not recommended. Finally, rehabilitation 

projects should focus on survivorship rather than meeting area or propagule number targets which 

typically produce sub-optimal outcomes. 
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2 CHAPTER 2.   KNOWLEDGE GAPS CONTINUE TO AFFECT VILLAGE AND 

GOVERNMENT MANGROVE REHABILITATION TECHNIQUES 

2.1 ABSTRACT 

Numerous mangrove rehabilitation projects have been executed by governments, NGOs and 

villagers, but despite many rehabilitation guidebooks, extensive published mangrove science and 

documented field experience, many planting projects fail or fail to achieve their objectives. Here we 

examined the mangrove rehabilitation techniques described by villagers in a sample of eight 

communities across Thailand and the Philippines, and some of the knowledge that underpinned the 

rehabilitation decisions made.  150 semi-structured interviews were conducted with villagers, village 

leaders and conservation group leaders to understand their methods, decisions and activities around 

the most recent mangrove planting event they had taken part in.  This was supplemented by 243 

tests of knowledge surrounding the science of mangrove rehabilitation, taken by villagers, 

government mangrove agency staff and key-informants.  

Respondents reported that they planted on mid mangrove zones 28% of instances but mudflats 

most frequently (33%) - 64% of villagers and 77% of government officers believing that mudflats 

were appropriate places for mangrove planting.   Sites were chosen because either they were 

perceived as degraded or because there was a requirement for available space for planting (both 

34% of interviewees).  Despite planting at all mangrove elevations as well as on mudflats, 94% of 

interviewees claimed to have planted mid mangrove species. Low zone pioneer species were never 

used and generally there was a low level of appropriate site / species matching.    Half of all sites 

were reported to have received no site preparation. If site preparation was described (33% of 

interviews), this involved cutting back vines, weeds and creepers on mid or back mangrove sites, 

which might well include ‘unwanted’ mangrove species, thereby reducing biodiversity.  

Improvements to hydrological connectivity were rare despite the widespread understanding from 

the tests that good hydrological connection played an important role in mangrove rehabilitation.  

Planting timing was not an ecological consideration but driven by a desire to celebrate national days 

in Thailand (41% of Thai interviewees), and logistical concerns in the Philippines (56% of Philippine 

respondents).  Furthermore, 22% of Philippine interviewees reported that planting was timed to 

coincide with low tides to enable access to mudflats.  Villagers were consistently over-optimistic 

about the success of their planting projects with more than half of respondents stating their project 

had a >70% survival rate. This is in contrast to these villages’ planting outcomes assessed in Chapter 
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1 which found a mean survival rate of 20% and a median of 10%.  Planting outcomes, techniques 

described and the knowledge tests suggest that only a limited amount of the published mangrove 

science and best practice has been communicated effectively enough to these groups to change 

behaviour on-site. 
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2.2 INTRODUCTION 

2.2.1 Mangrove Restoration: We Know Enough (But Do Not Communicate It) 

Fundamental questions posed by mangrove researchers nineteen years ago are still relevant today: 

‘Mangrove restoration: Do we know enough?’ (Ellison, 2000), and to paraphrase Walters (2000), Are 

local coast fisherfolk effective restorationists?   Ellison (2000) argued that there was sufficient 

scientific knowledge (supported by Field, 1996; Samarakoon, 2012; Walters et al., 2008). 

Furthermore researchers believe that rehabilitation is not particularly difficult (Alongi, 2002; Ellison, 

2000; FAO, 1994 but see Primavera et al., 2011) and mangroves should be able to self-repair and 

regenerate, even after profound disturbances such as oil spills, given enough time (Duke, 1996, 

2016).     

To assist mangrove workers, a significant body of scientific literature and published work describing 

mangrove ecology and rehabilitation as well as many guidebooks and attempts at best practice 

guidelines have already been produced (e.g. Lewis, 2005; Lewis and Brown, 2014; Primavera et al., 

2015, 2012, 2011; Mangrove Action Project’s website4 amongst others).   Some of this guidance 

moves beyond just planting to encouraged mangrove workers to consider the more holistic process 

of ecosystem restoration: removing or mitigating mangrove stressors and ensuring that the 

hydrology and topography of a site were suitable to facilitate natural regeneration (Lewis, 2005, 

2000, 1982; Lewis et al., 2016; Lewis and Brown, 2014; Lewis and Gilmore, 2007).  Despite the 

numerous published mangrove rehabilitation manuals, there appears to be disagreement about 

what constitutes best practice, including choices between planting or facilitating natural 

regeneration, although some differences can be a function of project objectives. This on-going 

debate notwithstanding, it is questionable whether key principles from the mangrove science have 

been applied either to government or NGO rehabilitation projects (Ewel, 2010; Kairo et al., 2001; 

Primavera et al., 2015, 2011).  Similar to development project failures that attempt to alleviate 

poverty (Davies et al., 2014), few mangrove rehabilitation failures are fully documented.  

Furthermore, it is uncertain whether the relevant scientific literature is accessible to NGO staff, 

conservation groups and mangrove agency field officers as online journals are located behind 

academic publishers’ ‘paywalls’, and whether this literature is produced in an appropriate format 

and language for these groups (Walsh et al., 2015).   

 
4    http://mangroveactionproject.org/emr-illustrated-manuals/   http://mangroveactionproject.org/emr-
method/    Accessed 27.5.2018   The lead author volunteers and occasionally conducts paid work for Mangrove 
Action Project.  

http://mangroveactionproject.org/emr-illustrated-manuals/
http://mangroveactionproject.org/emr-method/
http://mangroveactionproject.org/emr-method/
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2.2.2 The Need for Evidence-Based (Mangrove) Conservation and Rehabilitation 

This potential lack of informed decision-making is unfortunate and unnecessary because, as in the 

wider literature, the case for evidence-based conservation work has been clearly made. Among 

elements that define evidence-based conservation is the proper evaluation of projects and 

elimination of ill-founded dogma (Cvitanovic et al., 2015; Sutherland et al., 2004). Why is there a 

barrier to information sharing?  New information is more likely to be adopted by decision makers 

only if it is perceived as directly relevant to their own field, free from bias (particularly from 

commissioning bodies), accurate and uses appropriate techniques.   Older practitioners might be less 

likely to take on new information and evidence-based conservation ideas (Walsh et al., 2015).  

Concerning marine systems and marine protected areas, Cvitanovic et al. (2015) argue that 

knowledge gaps exist because some policy makers and resource managers are unaware of the 

presence of the scientific research output and therefore rely on personal experience and gut feel. It 

is questionable whether scientists receive institutional encouragement for engagement and 

outreach activities to communicate their research, or whether a lack of time and funding to do so 

prevents this (Cvitanovic et al., 2015).   

In the mangrove context, government officers and trainers cannot be expected to be aware of all of 

this output and might be labouring under their own misconceptions or misunderstandings.  An 

example of poor rehabilitation practice which might be remediated by published scientific evidence 

comes from projects in Tamil Nadu and Andhra Pradesh, southern India. In these states, villagers 

have been encouraged by the State Forest Department to excavate new, parallel-sided channels for 

mangrove rehabilitation in back mangrove areas in the shape of a fish skeleton (so-called ‘fishbone 

technique’).  However, the inappropriate design of the fishbone channels has been documented as 

requiring significant, continuous and expensive maintenance (K. Kandasamy, pers. comm.; Selvam et 

al., 2012a; V. Balaji, pers. comm.).  Furthermore, subsequent government planting of Rhizophora sp. 

on the fishbone channel edges runs the risk of hydrological system failure due to prop roots blocking 

the channels as these trees grow.  Further evidence that this is an inappropriate design is provided 

by nature since different species to those planted naturally regenerate within the poorly designed 

channels, eventually blocking the hydrological connection to the sea.  Unfortunately, the use of this 

technique persists. 

Knowledge gaps can affect not only the application of knowledge in the physical sciences but also 

the development, conduct and analysis of social research, which often fail to benefit from previously 

validated social research techniques (St. John et al., 2014).  Effective social research is vital for 

conservation programmes. There is now a recognition that using appropriate theoretic models such 

as the widely used theory of planned behaviour (TPB) to guide social research programmes (Ajzen, 
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2002; Montaño and Kasprzyk, 2015; Williams et al., 2012) is of equivalent importance to technical or 

scientific interventions (Balmford and Cowling, 2006; St. John et al., 2014). The TPB suggests that it is 

possible to predict behaviour by understanding behavioural intentions. These intentions are affected 

by attitudes, social norms and perceived behavioural control.  Some elements of the TPB are still 

debated and would benefit from further qualitative research including the link between education 

activities and conservation-related behaviours as this area has received limited study (Brooks et al., 

2013; Nilsson et al., 2016). Others have questioned whether the TPB needs to be supplemented by 

other variables such as changes in circumstances, the role of past behaviour, the characteristics of 

the ecological habitat in question (Miller, 2017; Rossi and Armstrong, 1999); and whether Ajzen's 

(2002) assumption of rational decision making limits the theory’s predictive power (Miller, 2017). 

This is because studies using this model have found that the TPB still leaves a significant amount of 

behavioural variation unexplained (Miller, 2017; Rossi and Armstrong, 1999).  There remains 

discussion about the similarity between perceived behavioural control (more of an external issue) 

compared to the self-efficacy concept, which relates more to ideas of internalised control (Bandura, 

1994; Hardeman et al., 2002), and debate about the role of social cognitive theory (learning from 

watching others, and witnessing the outcome of others’ actions (Bandura, 1994; Hardeman et al., 

2002). 

Development programmes that might intuitively sound appropriate, such as pro-poor conservation 

projects that attempt to link conservation and poverty alleviation, are often based on little empirical 

evidence that documents their efficacy (Davies et al., 2014).  The authors attribute sub-optimal 

programme outcomes to inappropriate implementation techniques, ambiguous definitions of terms 

such as ‘biodiversity’, inappropriate monitoring protocols, unsuitable donor timing and agendas, and 

limited understanding by field scientists of qualitative and social science techniques.  

2.2.3 Previous and Current Government Mangrove Rehabilitation Outcomes 

If there is a potential communication gap between the research community and mangrove 

programme managers, is this lack of information sharing evident on the ground and does it affect 

rehabilitation outcomes?   To assist the restocking of mangroves after the charcoal production 

concessions, the government of Thailand instigated large-scale mangrove reforestation 

programmes.   For example, between 1991-1996 a $30m USAID-supported project attempted to 

restore 40,000ha of mangrove (IUCN, 2017). However, only 35% of this target was achieved as many 

of the proposed planting sites were aquaculture ponds or still under concession.   Of the areas 

planted, survival rates were reported to be <40% (Memon and Chandio, 2011).  Another large-scale 
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planting programme ran between 1994-2004, with a target area of 800,000ha but with only limited 

success (IUCN, 2017).  

In the Philippines the World Bank-funded the first large-scale mangrove project in Central Visayas 

Regional Project in 1984 (Primavera, 2000). Other projects followed, funded by the International 

Bank for Reconstruction and Development ($25m, 1984-1992), Japanese Bank for International 

Cooperation ($89m, 1993-2003) and the Asian Development Bank ($80m, 1990-1994).  A review of 

these projects suggested a survival rate of 10-20% (Primavera and Esteban, 2008).  

Planting events particularly in Thailand often involved little interaction with local people and were 

rapid, one or two-day mass-planting sessions (IUCN, 2017).   Contrary to best practice and effective 

application of resources, planting was often prioritised over measures to protect existing mangrove 

(Mukherjee et al., 2015; J. Primavera, pers. comm.), such as the avoidance of unsustainable timber 

extraction.  

To answer Walters' (2000) question regarding whether villagers were effective restorationists, the 

answer is largely negative (Elliott et al., 2016; Erftemeijer and Lewis, 1999; Field, 1996; IUCN, 2017; 

Lewis, 2005; Memon and Chandio, 2011; UNEP, 2007; Wodehouse and Rayment, 2019) or at best 

their rehabilitation attempts have produced limited positive results (Alongi, 2002; Aung et al., 2011; 

Barbier, 2006; Ellison, 2000; Memon and Chandio, 2011; Moberg and Rönnbäck, 2003). Beyond 

personal observation, villagers are likely to have few opportunities to learn about mangrove ecology 

and rehabilitation other than ad hoc government training and observing the activities of friends, 

relatives and government officers who might well have no more knowledge than the observer 

(Walters, 2000, 1997).  From Walters’ experience, less successful mangrove restorationists tended to 

give up, whereas the more entrepreneurial would see failures as a learning opportunity and gain 

from the experience (Walters, 2004).    

Furthermore, many government agencies continue to plant very few species or even single species 

mangroves in straight lines (Melana et al., 2000).  While not inherently wrong, adhering to fixed lines 

potentially results in changes of elevation or soil suitability being ignored, a failure to optimise site-

species matching and inhibiting natural channel development.   Planting only a few species 

engenders only limited biodiversity, (Aung et al., 2011; Field, 1996), although this might be the first 

rehabilitation stage of a more biodiverse mangrove ecosystem (Aung et al., 2011; Bosire et al., 2008; 

Ellison, 2000 but see Walters, 2000). If projects succeed, these silvicultural techniques produce 

dense, even-age class plantations of limited (desirable) structural complexity (McElhinny et al., 2005; 

Walters, 2004; Walters et al., 2005).  Government silvicultural techniques are then mimicked by 

village planters.  Village planting that has survived often resembles even-age class, mono-specific 
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plantations rather than natural mangrove (Bosire et al., 2006; Ellison, 2000; Field, 1999; Lewis, 2005; 

Memon and Chandio, 2011) with little or no similarity to the original mangrove (Alongi, 2002), 

including a lack of species zoning and biodiversity (Barnuevo et al., 2016; Bosire et al., 2008; 

Saenger, 2002; Sinfuego and Buot, 2014).    

2.2.4 The Impact of Village Needs and Objectives on Mangrove Silviculture and 

Management Remain Poorly Understood 

Mangrove rehabilitation activity is significantly affected by project objectives (Lewis, 2000). As a 

result, nursery techniques, planting densities, species choice and management activities will or 

should reflect these objectives (Saenger, 2002; Walters et al., 2008). The default objective for state-

owned mangrove is likely to be conservation. Commercially owned mangroves might be subject to 

management objectives such as the production of wood for charcoal or woodchip or ecotourism 

(Geoghegan and Smith, 2002; Sillanpää et al., 2017).  For example, the Metang mangroves of 

Malaysia are managed for charcoal production in a manner similar to terrestrial production forestry, 

being densely restocked with Rhizophora sp. and coupes clear-felled in rotation (Field, 1996; Khoon 

and Ong, 1995).   A large portion of Bintuni Bay, West Papua, Indonesia, is managed for woodchip 

production (Sillanpää et al., 2017).  Much of the planting by the government in the Philippines is 

motivated by the desire to produce a protective ‘green belt’ of mangroves to shield coastal villages 

from storms and adverse weather (Department of Environment and Natural Resources, 2016; 

Mukherjee et al., 2015; Primavera and Esteban, 2008), despite the continued debate concerning the 

efficacy of mangrove plantations protecting coastlines (Forbes and Broadhead, 2007; RAP FAO, 

2007).    

In a similar manner, coastal communities occasionally adapt their management and planting for 

specific products or objectives (Datta and Sarkar, 2012; Watson, 1928).   For example, Nypa fruticans 

has been propagated to support palm-based livelihoods such as the production of cigarette papers, 

for land control and implied ownership of the planted area, and developing forests as a store of 

capital (Kanagaratnam et al., 2006; Walters, 2004).   Some communities plant mangroves very 

densely to provide poles without side branches and dense planting has been recorded in Vietnam on 

dyke walls for erosion control (J.A. Enright, pers. comm.; Walters, 2004).  

However, in practice there is generally an absence of stated rehabilitation objectives and limited 

available evidence-based management guidance to help achieve the (implicit) objectives and 

maximise outcomes.   In reality, rehabilitation means planting, using the same silvicultural 

techniques and parameters each time, while post-planting thinning or pruning regimes have rarely 
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been documented.  Therefore, if the planting survives, the default mangrove management outcome 

is in effect, plantation development, with very limited post-planting silviculture. 

 

While acknowledging differences of opinion about mangrove rehabilitation best practice, here we 

used an adaptation of the ‘community-based ecological mangrove restoration’ (CBEMR) technique 

developed by Lewis and NGO Mangrove Action Project (Erftemeijer and Teunissen, 2009; Lewis, 

2009; Stevenson et al., 1999; Trump and Gattenlöhner, 2015) as a framework for assessing village 

mangrove rehabilitation projects (Appendix B).  CBEMR assumes that a project’s objective is full 

ecosystem rehabilitation rather than plantation development.  Against this, I contrast planting 

techniques as reported by villagers, and examine the mangrove knowledge that underpinned these 

activities. In conjunction with the outcomes of Chapter 1, I hope to identify and describe likely 

community and government mangrove knowledge gaps in the rehabilitation process, understand 

why (implicit) rehabilitation objectives were not met and understand how these and other 

knowledge gaps might inhibit appropriate adaption of rehabilitation techniques to various site 

conditions. The aim is that this information will assist outside groups to identify and prioritise 

training requirements for village conservation groups and state mangrove agency field office staff, to 

ensure they offer the most appropriate assistance to villages that have experienced sub-optimal 

mangrove rehabilitation and management outcomes.  
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2.3 METHODS 

2.3.1 Location of Study Sites and Village Selection Criteria 

Although specific regional and local contexts are very important and highly variable, here we studied 

multiple villages within two countries in an attempt to produce some general conclusions.  Thailand 

and the Philippines share the same Indo-Malesia bio-geo-climatic zone within the Indo-West Pacific 

(Duke, 2006; Tomlinson, 2016) and have extensive mangrove areas, on which a substantial 

proportion of the coastal inhabitants depend for their livelihoods and food (Balmford et al., 2002).  

Since 1945, both countries have experienced significant mangrove conversion to aquaculture, and 

degradation for charcoal and fuelwood production, among other causes (Richards and Friess, 2016).  

Table 5 lists the Thai and the Philippine villages studied in this large-scale investigation, which 

combined ecological and social research to examine mangrove rehabilitation and management in 

the context of biophysical, silvicultural and social factors.  Villages were purposefully chosen because 

they were located either within or near to an extensive riverine mangrove delta or had a significant 

area of mangrove nearby. In all villages members had attempted mangrove rehabilitation or 

afforestation in the past (after 2007).  Finally, mangroves were considered an important village 

resource and were used in some way by a substantial part of the village population.  Median 

planting survival scores from Chapter 1 have been incorporated into this table. 

Table 5. Details of villages studied in Thailand and the Philippines 

Median planting survival scores (Chapter 1).  Better half of the villages in green, less good half in red 

  

Thailand 

 

 

Philippines 

Village Number 1 2 3 4 5 6 7 8 

Village Code T1A T1B T2A T2B T3A T3B P1A P1B 

Approx. Lat Long 6.8N 

99.7E 

6.8N 

99.7E 

7.8N, 

99.1E 

7.8N, 

99.1E 

8.4N, 99.9E 8.4N, 99.9E 10.8N, 

119.5E 

10.8N, 119.5E 

Province Satun Satun Krabi Krabi Nakorn Sri 

Thammarat 

Nakorn Sri 

Thammarat 

Northern 

Palawan 

Northern 

Palawan 

Number of Semi-

Structured 

Interviews 

16 19 18 18 21 18 20 20 

Number of 

Rehabilitation 

Science Test 

29 31 35 28 30 31 23 36 

Number of 

Rehabilitation Site 

Assessed (Chp. 1) 

13 11 9 6 5 3 10 8 

Median Planting 

Survival (%)  

39% 10% 19% 44% 21% 1% 0% 1% 

 

Village Mangrove 

Area (Ha) 

407 592 319 176 3,894 257 126 856 

Approximate Village 

Population 

660 800 700 1,030 680 2,200 3,000 2,600 

Approximate 

Research Dates 

Sept – Nov 

2013 

Dec 2013 – 

Feb 2014 

Feb – May 

2014 

June – Aug 

2014 

Oct 2014 – 

Feb 2015 

Feb – May 

2015 

Sept – Dec 

2015 

Jan – Apr 2016 
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2.3.2 Semi-Structured Questionnaire Interviews 

2.3.2.1 Purposive Sampling Strategy  

The sampling population was any adult villager within the study village who had taken part in 

planting mangroves within or near their village.   Village leaders had lists of households registered in 

their village.   However, choosing random people / households from this potential sampling frame 

was deemed unworkable as only a proportion of each village had planted, a further percentage of 

households were absent from the village for long periods, some villagers such as rubber tappers 

worked irregular hours, and the alien nature of timekeeping and making and keeping appointments, 

made using the list impractical.  Furthermore, the lists were not accurate as not all households were 

registered5, particularly those of children who had built new houses within the compound of their 

parents’ house. 

Similarly, there were occasional lists of villagers who had planted during individual events, but more 

often than not these were incomplete, inconsistent, or the listed planter had sent a substitute 

worker in their place.   Therefore, purposive sampling was used to find available villagers who had 

taken part in village planting activities.  Every effort was made to find planters from all parts of each 

village, particularly the village edges, the less well-off and minority groups, female planters and 

different families and religious groups to attain as representative a sample of villagers as possible.  

Most respondents were from the village general populace.  We ensured that we interviewed at least 

three or four conservation group members per village as they planted more frequently and were 

party to more of the decision-making process.  We also interviewed every village leader and 

conservation group leader.  (In the Philippines villages formed mangrove planting ‘co-operatives’ 

rather than conservation groups but performed similar roles.  For ease of description both groups 

will be referred to as conservation groups or CGs.)  In addition, during the course of scoping 

discussions and other interviews within the villages, residents were asked to identify mangrove 

experts living in the village.  Almost always a consensus quickly appeared, negating the need for a 

ranking exercise to choose an expert (Chapter 1. Section 1.3.2.1). The village mangrove expert was 

not necessarily the same person as the conservation group leader, as sometimes village politics 

inhibited people from working together.   As well as being interviewed, at some point during the 

four months in each village, the local expert would accompany the researcher on an inspection of all 

the village’s planting attempts.  Village experts could explain the nuances of planting operations, the 

 
5   In Thailand, if a new family wanted to build a new house and have it registered, they had to have the initial 
documentation signed by the village leader. This document would then be taken to the District Office to start the process.  
Not all villagers were on positive terms with their village leaders and partly as a result, not all households were registered. 
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underlying understanding about mangrove ecology, and if present, commonly held 

misunderstandings. 

2.3.2.2 Ethics, Data Collection and Storage Protocol 

During the first visit to a village a meeting with the village head was arranged to explain the 

purposed of the research, the research activities and gain consent.   During an initial contact with a 

potential interviewee, they were asked if they were a resident of the village and whether they had 

been planting.  If they confirmed both questions and were free to talk, an ethics statement was read 

and explained to them, and a copy provided in the local language (Appendix C).  Great care was 

taken to ensure full comprehension of the ethics statement and gain informed consent, occasionally 

resulting in a return at a later date to complete the interview, due to the length of time this process 

took.  If other people joined the interview, they too were given a written ethics statement.   After 

oral consent was received, all interviews were carried out either in Thai or Tagalog and translated 

immediately into English via a translator. This method allowed for additional questions for 

clarification and resolution of inconsistencies. Where appropriate we used visual guides such as 

illustrated species charts (Appendix D, Yong undated) or other material to aid comprehension, such 

as diagrams to help discuss planting depth, Fig 9.  

 

Figure 9. Interviewee referring to visual aids to ensure mutual understanding of species (left, photocard) and planting depth 
(right, illustration), with a translator. 

In general, interviews lasted no more than an hour at a time.  Interviews were generally conducted 

outside participants’ residences, in view of the neighbouring villagers, to avoid any possible 

perceived impropriety. All interviews were administered by the candidate. Data was collected 
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anonymously on pre-printed SSI questionnaires (Appendix E), together with any additional 

information.  Answers and supplementary information were transcribed later the same day, and 

together with any photographs, were stored on an encrypted external hard drive. Any points from 

that day’s interviews that were unclear were discussed with the translator during the evening. 

Written notes were kept either with the researcher or locked in a secure case, at all times. No 

payment was provided to respondents. Instead the researcher made a significant donation to the 

village mosque or school and with the translator gave a morning’s mangrove ecology lesson in the 

local school in each village.  

An ethics checklist, as required by Bangor University, was completed prior to data collection and 

indicated that the research did not require further review. 

2.3.2.3 Questionnaire Development and Translation 

The questionnaire (Appendix E) was developed by the researcher at Bangor University, based on an 

adapted version of the ‘Community-Based Ecological Mangrove Restoration’ (CBEMR) process 

(Appendix B), covering the key stages and decisions within the CBEMR process, as well as taking into 

account the researcher’s previous rehabilitation and teaching experience in the countries. Care was 

taken to avoid problems of questionnaire design as described by Diefenbach (2009) as much as 

possible.  In both countries, the researcher trained the first translator in mangrove ecology and 

terminology before translating the semi-structured questionnaire (SSI).  The SSI was then checked by 

a local mangrove NGO, and other mangrove workers within both countries.    Both Thai and Tagalog 

questionnaires were tested on a sub-set from the first villages in both countries (villages T1A, P1A), 

with particular attention being paid to shared comprehension and inconsistent answers to ensure a 

clear understanding of the questions and terminology. Feedback and amendments were 

incorporated.  It was found, for example, that the word ‘objective’ was difficult to translate into Thai 

and poorly understood.  The question was re-worded. And although there is a direct translation for 

‘sustainable’, the concept was not well understood.  As recommended by St. John et al. (2014) 

abstract questions were avoided if possible.  

2.3.3 Semi-Structured Interviews Cross-Checked with Key Informant Interviews 

Semi-structured interviews (SSIs) can be prone to error and bias. Diefenbach (2009) and Kallio et al. 

(2016) describe some of the pitfalls. For example, beyond the non-random selection of study villages 

and interviewees:  

➢ Previous experience can inform or bias question development 

➢ The act of being interviewed can consciously or unconsciously affect how an interviewee 

responds 
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➢ The context of the research can be difficult to describe fully, but only within this context 

(Appendix F) are the results fully valid 

➢ During analysis, grouping responses into manageable clusters involves subjective judgement, 

as does writing up the results 

➢ Outlying responses can be ignored or over-emphasized 

 

To counter these potential problems and cross-check the data provided by individual SSIs, other 

sources of information were acquired. Key informant interviews (KIIs), purposefully sampled due to 

their role, job or unique knowledge, were conducted with government officials including the 

mangrove agency field officers (interviewed several times during the fieldwork), district and sub-

district6 staff and local environment officers.  (The mangrove agency offices provided village 

mangrove boundary maps, explained mangrove features and history, and provided triangulation of 

information from village sources.)  Information was checked against ongoing informal discussions 

during village homestays, observations, biophysical surveys (Chapters 1 & 4), immersion within 

village life over a period of three to four months per village and by joining village planting events as 

they occurred during the research, as per Le Fur et al. (2011).  

2.3.4 Rehabilitation Science Test 

To provide further triangulation for the semi-structured interviews and explore respondents’ 

knowledge of the mangrove ecology involved in mangrove rehabilitation, a rehabilitation science 

test was developed by the researcher.   The 19-question test combined elements of the scientific 

literature referred to in Chapter 1, and Saenger (2002) and Tomlinson (2016) in particular, as well as 

the ‘community-based ecological mangrove restoration’ process (Appendix B).  A copy of the test in 

all three languages is in Appendix G together with marking scheme used and references.  Although 

not explicitly told to do so, a few questions could have been answered by up to three correct 

responses for a possible three marks.  For example, question 3 asked, what might damage mangrove 

juveniles (non-animal)?  Therefore, the maximum total score achievable was 32.   However, more 

than one possible answer was very rarely provided and in effect the maximum score was 19. 

In a similar process to the semi-structured interviews, this test was developed at Bangor University 

by the researcher and translated into the local languages (the Thai version was evaluated with a 

local NGO), and then tested in the first village for comprehension and clarity of the terminology.    

The colloquial names of species referred to were checked to ensure they were in common local 

 
6   In Thailand, District offices dealt with people, schools and development, whereas the Sub-District offices looked after 

infrastructure, solid waste management and pollution control. 
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usage, well known and that the name was indeed used in that region. (For example, Avicennia sp. 

had several different names which varied across southern Thailand.)  Additional feedback related to 

some of the terminology that needed to be translated more literally, such as ‘mudflat’. 

As with the semi-structured questionnaires, a suitable sampling frame was not available. The sample 

population was predominantly villagers who had planted mangroves, but also included a minority of 

villagers who had not planted but who interacted with the mangroves in a significant way, such as 

mangrove fishers, honey collectors and mud-crab collectors, and as such had a direct interest in the 

health of their village’s mangroves.  These additional respondents were reasonably likely to take part 

in future plantings.   

These self-administered tests were completed by 243 villagers (Table 5) including all village leaders 

and 26 government mangrove agency field office staff from the corresponding offices.  Data was 

collected anonymously for the general populace, but not for the village leaders, conservation group 

leaders, village mangrove experts and some of the government staff, who were informed 

beforehand that their tests would not be anonymous but used as aggregated data.   

2.3.5 Classification of Mangrove Zones 

Species planted and rehabilitation site elevation relative to sea level have been grouped into four 

zones, following Duke (2006) and Tomlinson (2016), as described in Chapter 1, to allow aggregation 

of data and ease description during interviews and analysis.   Several bio-physio-chemical gradients 

influence the spatial distribution of mangrove species, such as salinity and wave energy (Alongi, 

2009b; Tomlinson, 2016).  However, species zoning is predominantly controlled by each species’ 

response to the duration and frequency of tidal inundation over the intertidal zone (van Loon et al., 

2016).  This response sorts species into distinct bands that follow elevation contours.    Following 

Duke (2006) and Tomlinson (2016), and assuming semi-diurnal tidal regime, the ‘low’ mangrove 

zone, which starts at approximately mean sea level, receives inundation at high tides >45 times a 

month.  Species generally found in this low zone are Sonneratia alba, S. ovata, S. apetala, Avicennia 

alba and A. marina.   ‘Mid’ zones are inundated by normal high tides 20 to 45 times a month and are 

the home of Rhizophora sp., Ceriops tagal and, if the salinity is low, Bruguiera sp.  ‘High’ mangrove 

zones receive inundation <20 times a month at high tide and are likely to include species such as 

Heritiera sp., Lumnitzera sp., Xylocarpus sp. and plants like Acrostichum sp, Fig. 10.  
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Figure 10. Mangrove species zoning including landward (high) zone, mid zone and seaward (low) zone, and corresponding 
species. Reproduced with kind permission. Waycott, M.; McKenzie, L.; Mellors, J.; Ellison, J.; Sheaves, T.; Collier C.; Schwarz, 
A.-M.; Webb, A.; Johnson, J. and Payri, C. (2011) Vulnerability of mangroves, seagrasses and intertidal flats in the tropical 
Pacific to climate change. In: Bell, J.; Johnson, J. and Hobday, A. (eds.) Vulnerability of Tropical Pacific Fisheries and 
Aquaculture to Climate Change. Secretariat of the Pacific Community, Noumea, New Caledonia, pp. 297-368. 

 

Mudflats, which normally occur between lowest water and mean sea level, are inundated by every 

high tide, and are not described as an elevation suitable for mangrove growth in the scientific 

literature (e.g. Primavera and Esteban, 2008).  Furthermore, it should be acknowledged that some 

mangrove species have bimodal distribution (e.g. Avicennia officinalis) or occupy more than one 

zone (e.g. Nypa fruticans, low and mid zones). 

2.3.6 Research Issues and Limitations 

During the semi-structured interviews (SSIs) respondents were asked to describe the most recent 

planting event they had taken part in.  Unfortunately, using either a hand-drawn map or Google 

Earth on an iPad, it was evident that it was not possible to unequivocally link the described planting 

event to a specific rehabilitation site.   Maps and remote sensing imagery appeared to be unfamiliar 

to Thai villagers, in particular.   Furthermore, it was evident that many respondents were 

unconsciously combining details from more than one planting event in their responses.   However, 

neither issue was a significant problem for the semi-structured interviews (SSIs) as planting 

techniques varied little from site to site.   

Despite claims to the contrary, some elements of mangrove taxonomy and ecology were poorly 

understood by local people. For example, there was confusion about the various species of 

Avicennia sp., and an inconsistent use of local names.   These were confirmed with an illustrated 

species chart (Yong, undated. Appendix D).   
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Within each village, four different semi-structured interviews (minimum 65 per village) and 

numerous informal interviews were conducted.  Some respondents completed more than one 

survey. Due to research fatigue, it was not possible to ask all SSI respondents to also complete a 

rehabilitation science test, and as the science tests were completed anonymously, responses were 

not linked to respondents’ SSI answers.  The aggregating effects of village conservation group 

meetings or Friday prayers were piggy-backed to gain appropriate numbers of science test 

respondents.  Despite clear, repeated instructions, age and gender were sometimes omitted from 

the answer sheets by the participants.  Therefore it was impossible to link the two sets of data other 

than by village.  Despite trying to keep the questions as simple and concrete as possible, literacy was 

more of an issue than initially realised or indicated by official data7.  To overcome this the research 

team sometimes read the questions and wrote down the answers given on behalf of respondents, 

particularly for village experts.   

Most interviews took place either in a public place or on a veranda in front of a villager’s house, 

while the respondents carried out a livelihood activity.   As found by Dahdouh-Guebas et al. (2000), 

when conducting interviews, curious neighbours, other family members and passers-by would join 

the meeting and leave as they wished.  Asking these people not to join an interview was deemed 

inappropriate and was not attempted.  This reduced the ability to target a specific age range, 

gender, perceived wealth group or occupation group.   Very occasionally, people joining an interview 

hindered free-flowing conversation however, much more frequently the presence of additional 

respondents led to a more productive discussion where local people would challenge each other’s 

answers, contrary to Sudtongkong and Webb's (2008) experience.   For example, on more than one 

occasion, when discussing cutting of mangrove timber, which was illegal, members of a group would 

tease one of their own for cutting - information which might not have been forthcoming in a one-to-

one interview.  Furthermore, it appeared that the interjection of potentially controversial issues or 

questions by the researcher would permit the local people to discuss topics they would otherwise 

not raise.   Where at all possible, the initial respondent was asked to summarise a group discussion 

and develop a consensus of opinion, to which they agreed.  

  

 
7  E.g. UNESCO’s literacy rates. https://en.unesco.org/countries/thailand  and 
https://en.unesco.org/countries/philippines Accessed 7.3.2019 

https://en.unesco.org/countries/thailand
https://en.unesco.org/countries/philippines
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2.4 ANALYSIS 

Semi-structured interviews (SSIs) were analysed by SPSS v23 and later upgrades. Clustering of 

responses was produced post-hoc to keep each group of responses to a maximum of five or six 

factors if possible.  Responses were analysed in relation to country, better or worse planting ability 

or general populace vs community leaders vs government staff, to look for meaningful differences 

and generalised conclusions.  Additional information was collated by nVivo v11. The rehabilitation 

science tests were marked with the translator and analysed by Microsoft Excel and SPSS V25. Both 

SSI and science test are in the Appendices (E1, E2 and G). 

2.4.1 Statistical Tests 

The null hypotheses for comparison between all groups was that there was no significant difference 

between either country; or villages that were more successful planters compared to villages that 

were less successful planters; or between responses from government staff, conservation group 

members and the general populace of the village.  

The difference between the site choice of the general populace compared to village leaders was 

examined with a Fisher’s Exact (Chi-Square) Test. The null hypothesis was that there was no 

significant difference between these two groups.  

The difference between the conservation group members and the general populace’s belief about 

the suitability of mudflats for planting was tested by a Fisher’s Exact (Chi-Square) test. The null 

hypothesis was that there was no difference between these two groups.  

An initial Kruskal-Wallis test (X2(2)=7.69, p=0.021), confirmed by specific Mann Whitney-U tests 

examined whether there was a significant difference between the overall science tests scores of 

government mangrove agency staff, village conservation group members and villagers from the 

general populace. The null hypothesis was that there was no difference between these groups.  

A Spearman’s correlation examined whether there was a relationship between village planting 

survival and the different rehabilitation science test scores. The null hypothesis was that there was 

no relationship between planting survival and science test score. 
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2.5 RESULTS 

2.5.1 Respondent Demographics 

One hundred and fifty semi-structured interviews (SSI) were conducted in total.  Per village, 16-21 

interviews were completed (Table 5), which provided sufficient numbers to reach data saturation in 

each village, i.e. additional interviewees provided very limited new information.  Forty-four were 

women and 104 were men, with an age range between 18-80 (mean age 50) from Thailand 109 and 

the Philippines 41.  Sixty-eight percent of respondents were villagers from the general populace, 

15% were conservation group members and the rest were other leaders.  Despite living on the coast, 

agriculture was a more common main occupation (25% of respondents including rubber tapping, rice 

growing and oil palm production) than fishing (20%), followed by crab collecting (11%) and running a 

small business (10%), Fig. 11.  

 

Figure 11. Frequency of main livelihoods, by country 

 

The Thai respondents appeared to be slightly more orientated to marine livelihoods than the 

Philippine interviewees.   
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Figure 12. Frequency of secondary livelihoods, by country 

 

A third of respondents claimed not to have a specific second job (33%), but half (47%) collected 

marine animals as a second pastime from within or near the mangroves, either to feed the family or 

earn some extra money (Fig. 12).  

  



79 
 

Each SSI focused on the most recent planting event the interviewee had taken part in. Of the 

mangrove planters interviewed, about a quarter had planted in the previous three months, another 

third less than a year previously, and 44% more than a year before their interview. At village level, 

using planting survival data of each attempt from Chapter 1 from the 8 villages (but not the 

additional areas in Luzon, Philippines), it was possible to compare responses from the better, more 

successful four villages (Table 5) by planting success (n=47, villages T2B (n=8), T1A (n=18), T2A 

(n=12), T3A (n=9)) against the less successful four of villages (n=63, villages T1B (n=20), T3B (n=8), 

P1A (n=16), P1B (n=19)).  Fig. 13 illustrates median survival scores by village. 

 

Figure 13. Median planting survival, by village. Village names starting with T are Thai, and P and in the Philippines. Green 
boxplots are the villages whose median planting score (thick line in the middle of each boxplot) was in the more successful 
half of villages.  Red boxplots describe the less successful villages’ median planting survival score. 
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2.5.2 Site Choice: Mudflats when Planting Space Was Required, or Higher Mid and Back 

Mangrove for Combating (Perceived) Degradation  

The mangrove zone (section 2.3.5, Fig 10) that interviewees reported planting was identified from 

several factors including: the number of days per month that the site was inundated; the depth of 

inundation at high tide (if known); mangrove species growing very close by; reported soil 

characteristics and site shading or openness.   

One-third of interviewees described their planting site as mudflat, i.e. from mean sea level down to 

lowest water, inundated at every high tide and below normal mangrove elevation relative to sea 

level.  Mid mangrove zone (28%) was the next most common planting elevation, followed by back 

mangrove and low pioneer mangrove zone (both 12%).    The better four villages had slightly over 

twice the number of sites in either mid, back or mix mangrove zones than the less successful villages 

(32%, n=49 vs 15%, n=23).  These higher elevations were more suitable for mangrove growth. In 

contrast, almost all the mudflat sites planted (90.2%) were described by respondents from the less 

good four villages (Fig. 14). 

 

 

Figure 14. Mangrove zone planted, by more successful half of villages by planting survival (green), compared to the less 
good half of villages (red). 
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The most common reasons guiding the choice of site were that the site provided available space for 

planting (39.3%) or was perceived as degraded and in need of rehabilitation (34%).  Responses from 

the general village populace were not statistically different to those with a village leadership role 

(X2=9.04, p=0.39).  Within the better half of the villages by planting survival, respondents were much 

less likely to choose a site because it was easily available (25%, n=18) compared to the less 

successful villages (52.6%, n=41, Fig 15).  Of the sites chosen because they were easily available 

(n=59), 65% were mudflats. In contrast, villagers from the better four villages claimed their sites 

were degraded more frequently (44.4%, n=32) than respondents from the less good half (24.4%, 

n=19).   Of all the sites in both countries perceived as ‘degraded’ (n=51), 75% were to be found in 

mid and back mangrove areas.   

 

Figure 15.  Reason for rehabilitation site choice, by more villages with successful planting survivorship (green) vs less 
successful villages (red). 
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Despite the fact that mudflats are generally considered unsuitable for mangrove establishment 

(Chapter 1), three quarters of respondents to the rehabilitation science test agreed that using areas 

of very soft mud would be successful, as did 60% of the government officers questioned.   

To triangulate this response, when asked directly whether mudflats were suitable places for 

mangrove planting, 64% of villagers and 77% of government officers believed that they were. The 

conservation group members were not significantly more knowledgeable about the difficulties of 

mudflats than the general populace (X2=24.5, p=.33), Fig. 16. 

 

Figure 16. Percentages of the general populace, conservation groups and government mangroves offices that understood 
that mudflats are inappropriate for mangrove planting, by country (from the science test).  Despite the scientific literature 
and near-zero percent planting survival from mangrove planting projects (Chapter 1), 50% of Philippine government officers 
still believed mudflats were appropriate.  

 

2.5.3 Limited Site Preparation or Physical Site Amendment Regardless of Elevation 

Claimed site preparation was limited. Half the respondents were not aware of any site preparation.   

Where site preparation was carried out, this typically involved the cutting back of plants perceived 

as weeds, vines and creepers to make space to plant, or the removal of unwanted plants such as 

Phoenix paludosa, a spiny palm (33% of responses).  The general populace provided similar answers 

to leaders within the villages.  Reports of more thorough site preparation were rare, such as weeding 
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to remove (the roots of) all creepers and vines, the removal of large debris which might float with a 

high tide and break young plants, or installation of signage or protective fencing (6%).   Despite this, 

when asked in the rehabilitation science test, a majority of villagers (63%) and three-quarters 

government officers (74%) acknowledged that they should clear large debris from a site to avoid 

impact damage to young plants.  Site preparation and amendment varied by the nature and 

elevation of a site.  Of all mudflat plantings described by respondents, the majority of sites (88%, 

n=51) received no site preparation.  At elevations more suitable for mangroves, lower and mid 

mangrove zones received more clearance of weeds, vines and creepers only, compared to back 

mangrove areas.  The few sites that received full site preparation (i.e. including large debris removal 

as well as weeding) were almost always described as degraded and lay within the mid and back 

mangrove zones.   Partly because the better half of the villages by planting survival planted more 

sites that were within the mangrove zone rather than on mudflats, respondents from these villages 

were twice as likely to carry out preparatory weeding as villagers from the less good four villages. 

Limited site preparation was matched by the lack of improvement of hydrological connectivity, tidal 

exchange and drainage, and the lack of regrading of the substrate elevation relative to sea level, to 

make it more suitable for mangrove growth (91%, with another 4% not knowing).  For example, 

there was not one report of a mudflat being physically altered, e.g. by digging drainage channels, 

regrading or producing mounds of higher elevation substrate.  Regrading substrate was never 

mentioned, even during informal interviews. However, the lack of hydrological intervention was not 

due to a lack of awareness of the potential benefits of this activity.   From the rehabilitation science 

test, half the villagers (50%) and three-quarters of government officers (75%) acknowledged that 

simply amending a site’s hydrology could be enough to facilitate successful natural regeneration.  

Furthermore, test participants knew that if a site’s hydrology had previously been compromised, an 

appropriate hydrological connection should be re-established (70% villagers and 90% government 

officers respectively), and 78% of villagers and 100% of the government staff understood that 

rehabilitating former aquaculture ponds necessitated reconnecting them with the outside 

hydrology.   
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2.5.4 Site-Species Matching and the Over-Application of Mid Mangrove Species 

Interviewees answering the semi-structured questionnaire suggested that in terms of site location, 

mudflats were utilised most frequently (34%), followed by mid zone mangrove sites (28%) (Fig. 14).  

However, 92% of planting events planted mid zone mangroves species only, mainly Rhizophora sp. 

with decreasing inputs of Ceriops tagal and Bruguiera sp. (Duke, 2006; Kitamura et al., 1998). 

In this study we used three measures to examine site / species matching (Table 6).  First, was there 

an effort to match the rehabilitation site zone by planting species from that same zone?  

Respondents claimed that mid mangroves rehabilitation sites were indeed planted with mid zone 

species 93% of planting events (n=39).  However, mid zone mangroves species were also deployed 

on mudflats in 98% of instances (n=50), and 89% of high / back mangrove sites (n=16), both locations 

where mid zone species are much less well suited (Table 6, left).   

Table 6. Left, the proportion of mangrove sites at different elevations planted with mid zone mangrove species.   Right, the 
proportion of each mangrove zone (indicated by which species was growing on site) planted with mid zone mangrove 
species.  Green suggests a good match (mid zone species planted at mid mangrove elevations, or with other mid zone 
mangroves growing nearby).  Yellow is a partial match (mid zone mangroves planted too high or too low, compared to 
elevation (left) or existing species (right)). Red is a poor match, unlikely to survive.  

Elevation  
of Planting Site 

% Planted with 
Mid Zone Species 

Only n=  

Species Currently 
Growing on Site 

% Planted with 
Mid Zone 

Species Only n= 

Mixed Zones 91.7 11     
Back / High Zone 88.9 16  Back / High Species 87.5 14 

Mid Zone 93 39  Mid Zone Species 89.4 42 

Low Zone 100 18  Low Zone Species 100 26 

Mudflat 98 50  Nothing Growing on site 96.6 57 

 

Second, did the species planted match that of the species already growing on site or naturally 

regenerating?  In addition to sites that had been previously cut-over and had failed to regenerate, 

almost 40% of respondents reported that their site had nothing growing on it - to be expected if 34% 

of the sites used were mudflat.    Mid zone mangroves (31% of sites) were the most common group 

of species already growing on rehabilitation sites and here, 90% of the planting was indeed matched 

by mid-zone mangrove species (n=42) (Table 6 right).    However, mid zone mangrove species were 

always planted in all areas were low zone species were growing (100%, n=26), and almost always 

amongst high zone species (88% n=14), and on sites where nothing was growing nearby (97%, n=57).  

Low zone pioneer species (e.g. Avicennia marina, A. alba, Sonneratia alba, S. apetala) were never 

employed, despite a third of sites being mudflats and a further 12% of sites within the low mangrove 

zone.    
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Third, in a natural setting and with some species overlap, within the mid mangrove zone Rhizophora 

apiculata would generally appear at a higher elevation than R. mucronata, but lower than Ceriops 

tagal and Bruguiera sp.   If planters were using more than one species, did they attempt to mimic 

this inter-species zoning relative to each other? Furthermore, did they try to match species planted 

to elevation, relative to sea level, if there was micro-variation of topography on site?   According to 

these criteria, almost half the planting described was inappropriately located, 29% displayed an 

awareness of micro-scale zoning and a further 18% of respondents described planting single species 

in blocks.  

This behaviour partially contradicts opinions expressed by villagers and government officers in the 

rehabilitation science test in which almost half of the villagers (40%) and almost all of the 

government staff (91%) could name at least one high zone species appropriate for rehabilitating 

sites at that elevation, and to triangulate this knowledge, 59% of villagers and 80% of government 

staff knew in which zone they should plant (high zone) Heritiera littoralis if they had access to it.  In 

contrast, when asked what species they might use for land appearing at the lower margin of the low 

zone as a result of sedimentation or accretion, only a fifth of villagers (21%) and a third of 

government staff (35%) could name a low zone mangrove species such as Avicennia sp. or 

Sonneratia sp. and then only to genus level (very rarely to species level).  Incorrect answers 

invariably mentioned Rhizophora sp., a mid zone species.  When asked a trick question - which 

mangrove species would be appropriate for planting in seagrass beds, which normally start at lowest 

water below mudflats, and again unsuitable for mangrove growth - with the exception of the first 

village, only 11% understood that this was an unsuitable place for mangrove planting, with no 

significant difference between villagers from the general populace, village leaders or the 

government mangrove agency staff. 

Overall, more than three-quarters of respondents agreed with their species choice (77%) in the 

planting event they had been describing.  Of the 20 respondents who disagreed, 90% (n=18) 

disagreed with the use of mid zone mangrove but appeared unable to dissuade their colleagues or 

had been instructed to use mid mangrove species by the government mangrove agency field office 

staff or village conservation group. 

2.5.5 Planting Material Use Dominated by Direct Planting of Propagules 

Interviewees reported that seeds and propagules were planted directly into the mud 40% of the 

time, seedlings grown in polybags in 28% instances, almost always in Thailand (n=42), a mix of the 

two 19%, and uprooted bareroot ‘wildlings’ transplanted into place in 9% of cases, all in the 

Philippines (n=13).  Where it was possible to ascertain whether the planted material was inserted at 
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the correct depth (61% of interviews), a third of these respondents planted either too deep 

(normally bagged seedlings placed into a planting pit that was too deep, covering the root-ball) or 

too shallow (i.e. Rhizophora sp. propagules not being inserted deep enough), depending on the 

situation. Polybagged seedlings planted too deep were likely to suffer from a lack of oxygen diffusing 

down to the roots.  Propagules that were inserted too shallow into the mud were more likely to be 

washed away before having time to produce roots to hold themselves in place. 

2.5.6 No Common Definition of Success, But Consistent Over-Estimation of Survivorship 

Respondents were asked how they would define ‘success’ in their planting project, Table 7.   

Table 7. Definitions of planting success 

 Percent 

 Survival After a Time Period 29.3 

Survive & Grow 22.7 

Bio-Physical Measures (Appearance of Prop Roots, Canopy Closure, Soil Colour) 14.0 

Return of Ecosystem Services 13.3 

Social Factors (Participation, No Cutting) 10.0 

Do Not Know 8.7 

Other 2.0 

Total 100 

 

Some were able to suggest survival beyond a specific period (29%), ranging from 15 days to three 

years with three months to a year being the most commonly cited.   Others mentioned plant survival 

and growth but were not able to suggest an appropriate time length (22.7%).  Bio-physical indicators 

(14%) such as a closed canopy or the production of prop roots (on Rhizophora sp.) were also 

mentioned.  Many of the villagers understood that there was a positive relationship between the 

presence and health of their mangrove and marine creature productivity (Appendix A), and 

therefore 13% described the return of ecosystem services (i.e. here habitat and nursery functions for 

marine creatures) as a measure of planting success.   
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 Although village leaders gave similar responses to villagers from the general populace, villages with 

better planting success referred to more long-term goals such as the return of ecological function 

and the development of a mature forest whereas the villages which were less successful at planting 

focused on the more short-term issue of planting survival, Fig 17.  

 
Figure 17. Definitions of planting success, by villagers in the more successful half by planting survival, compared to the less 
successful half.  The more successful villages by planting survival considered more long-term features such as the return of 
ecosystem services and closed canopies.  The less successful villagers by planting survival were more concerned about their 
planting projects surviving.  

 

Almost half of the respondents believed that the planting they had described had been successful, 

(we defined success as >70% establishment); 18% were conscious that their planting had failed and 

20% stated they had had mixed success.  Villagers in the Philippines appeared to be more aware that 

some of their planting had failed (29%) compared to Thailand (14%).  Similarly, whereas half of the 

Thai interviewees (53%) assumed their planting had successfully established, only a third made that 

assumption in the Philippines (34%).   Of the ‘failed’ category for both countries (n=27), 70% had 

been located on mudflats.   Thirty-five percent of all the interviewees who planted on mudflats 

(n=51) believed that their planting had been successful, whereas, in fact survivorship was less than 

2% (Chapter 1, Fig 7).  Furthermore, 64% of respondents describing mid mangrove zone plantings 

(n=42), assumed they had been successful (i.e. >70% survival), however mean survival was actually 

30.1% (Chapter 1). 
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2.5.7 Planting Timing was not an Ecological Consideration 

The timing of mangrove work was not reported to be an ecological consideration for either the 

general village populace or village leaders, but in this respect the countries varied. Thai respondents 

suggested that they planted mangroves to celebrate special national days, accounting for 41% of 

Thai mangrove rehabilitation events (n=109).  Another third of Thai respondents (32%) said that 

planting timing was influenced by other non-ecological, logistical considerations, such as the 

availability of villagers or the arrival of funds.  Wanting to provide a planting opportunity for visiting 

guests was also discussed (8%).    

Interviewees in the Philippines claimed that logistical rather than ecological issues controlled 

planting timing for more than half of their planting projects (56%, n=41), citing reasons such as the 

availability of planting teams, the arrival of funds or the pre-determined start of a government 

planting project.   Another fifth of Philippine planting events (22%) were timed to coincide with low 

spring tides to access mudflats. In both countries mangrove ecology only influenced timing in 

relation to the availability of seeds and propagules (10%), not suitable climatic conditions.    This is 

supported by the fact that in the rehabilitation science tests, only one third of both government 

officers and villagers were aware that the rainy season was a better time to plant (due to lower 

salinity and cooler weather, Primavera et al., 2012; Ravishankar and Ramasubramanian, 2004), 

rather than being dictated by logistical or civic schedules. 

2.5.8 After Planting – Less Activity than Expected 

Although few of the respondents of the semi-structured interviews said that they had witnessed it, 

75% reported the understanding that after planting, the site was inspected by either the village 

conservation group or government mangrove agency staff, and that government staff would order 

the replacement of dead plants if necessary.   Only 12% believed that nothing happened after a 

planting event.   Village leaders suggested that their village’s own conservation group were more 

likely to inspect after planting, whereas villagers believed this was more likely to be conducted by 

the government mangrove agency.  Villagers from the group of four that were more successful 

planters responded in a similar way to residents from less successful villages.    

Other management activities such as installing fencing, signage or clearing debris were believed to 

happen only rarely (7% in total).    While it might be expected that sites which had received ground 

preparation such as weeding and removal of vines and creepers would require ongoing intervention 

after planting because unwanted plants were only cut back not dug out, these sites did not receive 

any more activity after planting than might be expected by random chance.  



89 
 

Asking respondents what they felt should happen after planting, some respondents stated that 

nothing was needed (15%) and perhaps indicatively a fifth could not give an answer (20%).  Almost a 

third suggested that inspection, monitoring or replacing dead plants was necessary (29%), and a 

further 12% wanted the installation of fencing and protection measures.  It is perhaps surprising that 

so few respondents suggested protection measures because in the rehabilitation science test both 

villagers (51%) and government mangrove agency staff (84%) could name at least one non-living 

hazard that might damage small mangroves, such as the impact from boats or fishing gear.   

Furthermore, when discussing what should happen after planting, 15% suggested in the SSI that 

weeding was necessary to help the planted mangroves establish. But in the rehabilitation science 

test 35% of villagers said they would weed out other mangrove species if they started to grow within 

their new plantation, as would 14% of government mangrove agency staff.    Finally, a few suggested 

that there should be more training given to villagers for planting and maintenance (9%).   

Although sample sizes were small, trends suggested that there were slightly different priorities for 

different groups. Villagers from more successful planting villages were more likely to suggest 

weeding, and villagers from the less successful groups were more likely to suggest monitoring, 

replanting and protection measures, Fig 18.  

 

Figure 18.  Activities respondents expected to see after planting. The more successful four villages (green) who were 
planting less on mudflat, hoped to see weeding as well as monitoring, but a significant group did not know what happened 
or should happen. The less successful four villages (red) expected just monitoring and likely replanting.  
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Between the general village populace and villager leaders, leaders were keener on protection 

measures and education, whereas the villagers who believed that anything needed to happen were 

more likely to suggest weeding, Fig 19. 

 

Figure 19. What villagers stated should happen after planting, by role (village populace (purple) vs leaders (dark red)). 

 

More planting training was a minor theme when villagers were asked in the semi-structured 

interviews what they would have done differently.   A majority believed no change of detail was 

necessary (59%), a fifth would have changed site altogether (21%) and 6% wanted more instruction 

and training before planting. 
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2.5.9 Did Village Planters Believe That Their Planting was Necessary?   

Half of the planters felt their planting was necessary, a fifth believed the contrary (20%) and another 

14% stated that they knew at the time of planting that their efforts would fail.  By cross-referencing 

with elevation zone planted, those who knew that their planting would never work, 95% (n=21) were 

planting on mudflats. In contrast, of the 51 interviewees who described planting on mudflat, almost 

half described this planting as necessary as they were consciously attempting to convert (i.e. 

afforest) mudflat to mangrove.  Leadership role or general populace made little difference, but 

although the sample sizes were small, of those who realised their planting was unnecessary (n=30), 

two-thirds were from the more successful four villages. And 86% of respondents who knew their 

planting would never become mangrove (n=21) came from the less successful villages, Fig. 20.    

 

Figure 20. Was planting necessary?  Respondents from villages that were less successful planters (red), felt more of their 
planting was indeed necessary for afforestation, but a significant group also understood that their planting would never 
succeed, largely because it was at an elevation too low for mangrove growth. Respondents from the more successful four 
planting villages (green) had a more mixed view about whether planting was necessary, or did not know. 
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2.5.10 Planting and Establishment Issues from the Rehabilitation Science Test 

As described in section 2.3.4 the effective maximum score for the rehabilitation science test was 19.  

Fig. 21 illustrates that while the science tests from the general populace varied little across villages, 

ranging from 7 to 9.2, there was more variation between conservation groups (7 to 12.5) and 

between government mangrove agency field offices (9.6 to 15.8 (N.B. these sample sizes were 

small)). The difference between the general populace and conservation groups was not significant 

(U=30, Z=-0.212, p=0.83). However, the government staffs’ scores were significantly better than the 

general populace, (U=0, Z=2.94, p=0.03), and trended towards being significantly better than the 

conservation groups’ score (U=7, Z=-1.9, p=0.056).  There was no statistically significant relationship 

between test scores and planting survival for either the general populace, conservation group or 

government mangrove staff (r(21)=0.052, p=0.82).    

 

Figure 21. A comparison of the rehabilitation test scores by more successful four villages against the less successful 
planters, by role (general populace (top right panel), conservation group (bottom left panel) and government mangrove 
agency staff (lower right panel)). N.B. some of the Govt. mangrove agency field staff offices looked after more than one 
village. E.g. one mangrove field office looked after both village T1A and T1B, and the government staff scored an average of 
9.6.  Another office looked after villages T2A & T2B, and a further office took care of P1A & P1B. 

 

Other mangrove rehabilitation science test questions relating to silviculture and plant establishment 

not already mentioned are described below.  Villagers (87%), conservation group leaders (88%) and 
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government staff (97%) knew that the application of fertiliser when planting mangroves was 

unnecessary.   Asked what could be done about high salinity on a rehabilitation site, most villagers 

(87%) could not provide an idea of how to mitigate this stressor, by for example, improving 

hydrology to dilute the salinity and flush away excess salt, deploying more salt-tolerant species (e.g. 

Avicennia marina or Aegiceras sp.), changing site or planting in the rainy season.  However, almost 

half (47%) of the government officers were able to suggest at least one of these solutions.   When 

asked how they might improve establishment outcomes on a site which was subject to high wave 

energy, 40% of villagers and 83% of government staff could suggest at least one idea, such as 

building a protective bamboo wall8 to reduce wave impact, installing brush-fencing to trap sediment 

seaward of the site, (deep) staking and attachment (Toorman et al., 2018), planting more 

established seedlings or young trees or changing site.  

  

 
8  Debate continues around the long-term efficacy of bamboo fencing, brush-screens and geo-textile tubes 
known as ‘geotubes’, filled with sand, to protect mangrove planting or assist mangrove regeneration.  Soil 
must accrete landwards of these barriers high enough and become firm enough for soil conditions to be 
appropriate for mangrove growth.  When the bamboo or brush eventually decay away or the ‘geotubes’ split, 
whether the newly exposed mangroves will be able to survive the renewed wave energy is poorly understood 
(R.R. Lewis, pers. comm.).  Furthermore, there is little peer-reviewed literature reviewing these projects. 
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2.6 DISCUSSION 

2.6.1 Interpreting the Planting Process as the Villagers Understood It 

2.6.1.1 Site Choice Driven by Perceived Degradation and the Need for Planting Space 

Much of the mangroves in Thailand and the Philippines have previously been cut over for charcoal, 

fuelwood and other uses, and remain under a certain level of harvesting pressure (Chapter 3).   Not 

all the previously affected mangrove areas had recovered or benefited from successful government 

replanting, and more recent efforts to replant these degraded areas have been only partially 

successful (Chapter 1).   

Deciding and defining what is ‘degraded’ mangrove is challenging, requiring a concurrent 

assessment of the effects of climate change, species succession and cultural expectations among 

other issues (Hobbs, 2016).   For example, many of the sites chosen in Thailand, and the non-mudflat 

sites in the Philippines, were perceived as degraded because villagers’ perception of a healthy 

mangrove was dominated by an expectation that all mangrove zones should be “full” (interviewee 

T2A#21), which they defined as resembling the densely stocked stands of closed-canopy plantation 

Rhizophora sp. previously produced by government planting in the 1990s and 2000s.  Therefore, 

underplanting naturally more open, back mangrove zones was regarded as restoring a ‘degraded’ 

mangrove by many villagers (e.g. interviewee T1B#40) but understood by a minority of villagers to 

be unnecessary (e.g. interviewee T3A#52).  Otherwise, within the mangrove zone, villagers were 

attempting to fill in gaps and rehabilitate remaining open mangrove areas.  In addition to planting 

degraded sites, some Thai Department for Marine and Coastal Resources (DMCR) field office 

directors used various methods to return illegally encroached areas within the mangroves that had 

been converted into aquaculture ponds back to state ownership. This included asking village 

leadership to run an audit of village mangrove areas claimed by local people, and in an attempt to 

avoid recourse to the law courts9, asking trusted elders to negotiate the return of part or all of the 

abandoned or active aquaculture ponds (interviewee T2A#45).   Land and ponds returned in this 

manner, often severely degraded, would then be planted by the community and signage installed to 

show that an encroached area had been returned to state owned mangrove. The desire to return 

former aquaculture ponds back to mangrove was largely driven by the field office directors’ 

 
9 Using the legal process had risks for all sides. Government agencies could not control nor entirely predict 
whether police and other agencies would be supportive or the enforcement outcomes and sentencing, which 
in Thailand might produce a very harsh sentence.   
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commendable desire to reclaim land within the mangrove zone, not because the aquaculture ponds 

tended to be sited at an appropriate height for (mid zone) mangroves. 

The other main driver of site choice was the need for available planting space.  Chapter 1 descried 

how the Philippine government mangrove agency field offices were given specific area planting 

targets from the National Greening Programme, a bio-shield development project, regardless of 

whether appropriate inter-tidal areas were available or not.  Thailand’s government mangrove 

agency had propagule targets and, to a lesser extent, area targets and on occasion villages needed to 

find available space to allow visitors to plant.   Propagule planting targets could be compressed into 

areas available by changing planting density, but area targets encouraged or indeed necessitated the 

use of mudflats among other coastal elevations and site types, as mudflats were easy to administer 

and photograph, and unlike areas encroached for aquaculture ponds, were rarely subject to 

contested land tenure.   This did not mean that mudflat planting avoided all controversy as several 

villagers from T3A and T3B mentioned that local fisherman wanted to fish at high tide over the 

inundated mudflats that had been planted with mangroves.  The planted propagules and canes 

either obstructed the use of their (illegal) pushnets, or the fishermen destroyed the plantation.  In 

some instances, fishing boat propeller marks were evident in the mud within the planted areas at 

low tide (e.g. village T3B mudflats, pers. obs.). 

A minority of villagers in both countries understood that mudflats were ‘too deep’ for mangrove 

growth.   Thai villagers had largely managed to divert planting away from mudflats (T3A#29) but in 

the Philippines this local knowledge was annulled by the perverse incentive of being paid to plant or 

replant.  Village leaders wanted to preserve this earning opportunity for their villagers and mudflat 

planting provided an opportunity for village planters to collect clams and mussels at the same time.   

2.6.1.2 Site Preparation 

Despite the published scientific literature describing the importance of good hydrology and drainage 

for mangrove health (e.g. Aung et al., 2011; Elliott et al., 2016; Lewis, 2005), site amendment and 

hydrological problems were rarely mentioned during the entire fieldwork period.   The rehabilitation 

science test revealed that there was a widespread understanding that former aquaculture ponds and 

impounded areas should be reconnected to outside hydrology, and that good or improved hydrology 

could rehabilitate a site on its own via natural regeneration (if not propagule limited).  But for 

reasons that remain unclear, this knowledge did not translate into action when on site.   For 

example, a site planted by village P1A, which had been subject to chronic tree felling for charcoal, 

had multiple channels filled with discarded brush. This debris slowed water flows, encouraged 

sedimentation and inhibited the arrival of seeds and propagules and thereby the natural 
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regeneration of this site, in spite of being surrounded by mature mangroves.  Despite several visits 

by mangrove agency staff and conservation group members, no understanding of this hydrological 

problem was evident, or action taken to clear the channels.  The village planting team did not 

consider clearing the channels, expressed surprise when I suggested it and did not question why the 

site was not regenerating on its own.  This was unfortunate as Chapter 1 demonstrates that better 

hydrological connectivity was associated with improved planting outcomes.   Beyond force of habit, 

a possible explanation for this behaviour, particularly for Thai volunteer planters, was that planting 

was supposed to be a fun communal activity. Clearing brush and digging clay soils to improve the 

hydrology would have been arduous work, and therefore not considered.  For mudflats, as there was 

only a limited understanding of why saturated, soft, poorly drained soils were unsuited to mangrove 

growth, the lack of any attempt to amend these areas was not surprising. 

At lower elevations, seaweed, wrack and debris can become entangled around young plants and 

damage them.  Within mid and high mangrove zones, beyond crown-lifting of the lower canopy of 

existing trees (interviewee T2B#47), weeding might be necessary within more open canopy areas to 

help establish planted material or natural regeneration and to inhibit vines and climbers from 

smothering or damaging the young plants (UNEP, 2007).   Some villagers reported that mid and back 

mangrove sites were weeded before planting, normally done by swinging a straight machete or 

occasionally a small hand scythe through the ground layer, cutting back all vegetation but not 

digging out the roots.  Despite claims to the contrary by the conservation group leaders, frequently 

this technique resulted in the non-selective removal not only of vines and weeds but all plants 

including mangrove and mangrove associate species such as Acrostichum sp., Acanthus sp., 

Dalbergia sp., Finlaysonia sp., Derris sp. and ‘unwanted’ mangrove species such as Phoenix paludosa.   

In addition, several villagers from T1B mentioned clearing away Avicennia officinalis seedlings (e.g. 

interviewees T1B#27, #20) and mature Scyphiphora hydrophyllacea (interviewees T1B#39, T1B#24) 

to make way for planting.   Weeding before and after planting was a chore as it involved hard, 

physical, ground-level work, unlike planting which many claimed to enjoy and in Thailand was 

performed by volunteers.  Occasionally dedicated village mangrove volunteers would weed a site. 

More frequently, if it happened at all, the government had to pay for people to weed, an activity less 

likely than planting to attract budget or resources.  

2.6.1.3 Site-Species Matching 

The main reasons cited in the literature for poor mangrove planting outcomes are poor site / species 

matching, in combination with poor site selection (Alongi, 2002; Aung et al., 2011; Bosire et al., 

2006; IUCN, 2017; Kodikara et al., 2017b; Primavera and Esteban, 2008; Saenger, 2002; Walters et 

al., 2008; Wodehouse and Rayment, 2019).   Explaining their strategy for site / species matching, 
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villagers or government staff claimed to have chosen Rhizophora sp. because it was “thriving near 

the planting site” (interviewee P1B#44), as Hashim et al. (2010) also reported.  Although this is a 

sensible silvicultural principle to adopt, and there is evidence to suggest that propagules from local 

plants are typically more successful than material that has arrived via hydrochory (Alongi, 2009), two 

factors were often disregarded. First, although Rhizophora sp. might have been thriving nearby, little 

or no account was taken of the change in elevation between the thriving stand and the planting site 

– coastal topography is such that elevation can change dramatically over a relatively short distance.  

This change in elevation was occasionally emphasized by the presence of naturally regenerating low-

zone pioneer species (Table 6) such as Sonneratia alba (P1A#30) fringing the lower, seaward side of 

the mid zone Rhizophora sp. stands, and the lack of natural regeneration lower down.   Furthermore, 

at no time did any villager or government officer acknowledge that the low zone pioneer mangrove 

species with their cable roots (Primavera 2015, Primavera et al. 2011) and higher tolerances to 

inundation were more appropriate for low-zone / mudflat fringe planting than other species, despite 

recommendations and guidance in the published literature (e.g. Chan and Baba, 2010). 

Second, site / species matching was complicated by the fact that much of the mangrove has been 

significantly altered and natural species zonation has been greatly disturbed. This was due to the loss 

of old-growth biodiverse mangrove to charcoal and fuelwood concessions and the resulting state 

mangrove reforestation programmes, which had planted Rhizophora sp. almost exclusively, forming 

mono-specific, first generation, even-age class plantations. This reforestation produced an 

overabundance of Rhizophora sp., which was more widely distributed than it would otherwise have 

been and an absence of ‘pioneer species’ occupying the low mangrove zone (Fig 10).  However, 

many villagers understood this Rhizophora-dominated phenomenon to be natural.   

Several interviewees from all villages assured the author that villagers understood species zoning 

(e.g. interviewee T3B#41), but as the responses, and data from Chapter 1, demonstrated this 

knowledge was only partial and again failed to translate into appropriate planting activities on the 

ground, (interviewees T2A#13, #42).  For example, sometimes species were planted in blocks not 

due to changes in elevation, differences in species tolerances or to match an appropriate site, but so 

that one species did not shade out another if the different species were understood to grow at 

different speeds (interviewees T3A#22, T3B#1).    

If requests were made to government mangrove agencies to plant alternative species, this was 

because, in the opinion of the villagers, their current mangrove stock was perceived to contain too 

much Rhizophora sp. already (e.g. village T3A) or for livelihood reasons, not for appropriate site-

species matching (interviews T1B#16, T3A#4).   For example, village T3B planted an extensive area of 
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mudflat with Nypa fruticans, not because they believed it was a more appropriate species than 

Rhizophora sp., but because this palm would provide various products for livelihood activities, 

despite the fact that the sparse natural regeneration present on the edge of this site was only low-

zone mangrove pioneer species.  The 25ha of N. fruticans planting suffered total mortality, as did 

various iterations of Rhizophora sp. planting. 

2.6.1.4 Species Choice was not Affected by a Desire to Increase Biodiversity 

During the fieldwork period of almost three-years, the lack of mangrove biodiversity (or the even-

age class nature of the post-concession planting) was almost never spontaneously mentioned by 

villagers or government officers.   When questioned, government mangrove agency staff claimed 

that there was little guidance or encouragement from head office to consider or increase mangrove 

biodiversity or change planting habits. Both groups had only a partial understanding of the benefits 

of a biodiverse mangrove ecosystem (Benayas et al., 2009; Davies et al., 2014; Rands et al., 2010), or 

the inherent risks of planting only two or three mangrove species in the context of the unpredictable 

nature of climate change and sea level rise (e.g. T1B#DMCR interview 27.1.13).   

A minority of both Thai and Philippine villagers believed that Rhizophora sp. was the only mangrove 

genus and everything else was just flora. This is reinforced by the fact that the local word for 

‘mangroves’ is the same as for the genus Rhizophora in both countries (Primavera, 2015).   As 

mentioned by other researchers the propagules of Rhizophora sp. are easy to collect, direct plant 

and do not require growing-on in a nursery (Lewis, 2014; Primavera, 2015; Primavera et al., 2011; 

Primavera and Esteban, 2008), unlike Avicennia sp. propagules which are frequently subject to 

herbivory by crabs until the stems turn woody (N. Sieuwnath, pers. comm.).   As a result, some 

villagers stated that they could not imagine planting anything else.   An exception to this Rhizophora-

dominated view were the villages of T3A and T3B, on the east coast of Thailand.  Some of the older 

generation remembered being paid to fell square kilometres of natural, healthy Sonneratia / 

Avicennia mangrove forest (Osbeck et al., 2010), to provide space for planting Rhizophora sp.  As a 

result, some were aware that those original low zone genera would be more suitable for the current 

rehabilitation programmes around the bay.  

A desire for certain products also affected species choice.  On more than one occasion villagers did 

not want to leave a site to naturally regenerate as they did not want the low zone pioneer species 

that would appear first, such as Avicennia marina and Sonneratia alba (T1B#27).   A majority of 

villagers perceived Rhizophora sp. to be the most useful species, producing straight poles, stems, 

high-quality fuelwood and charcoal, fast-growing and resistant to decay if used in water.  Or they 

desired the mangrove palm Nypa fruticans, not necessarily because they believed it was ecologically 
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suited to a site but because it was used in their livelihood activities, such as the production of 

roofing shingles, cigarette papers and various products from N. fruticans’ sap.  Others favoured 

densely planted Ceriops tagal as this silvicultural practice produced straight poles with no side 

branching.  These poles were used primarily for squid trap flag poles and pinning crab traps to the 

mud.   

Villager belief about the widespread applicability of Rhizophora sp. was reinforced by the activities 

of the governments.   Rhizophora sp. was, by-and-large, the genus the government planted, and 

advised villagers to plant.   Government mangrove agency training received by a Philippine village 

conservation group leader (interviewee P1A#51) reportedly focused only on the application of R. 

mucronata in all situations and did not, for example, suggest the use of more appropriate low-zone 

pioneer species for sites at lower elevations.   

2.6.1.5 Planting Material 

Bagged seedlings were almost always provided by the government and were perceived by villagers 

as planting material for visitors and for special occasions (interviewee TA1#17).   If the bagged 

seedlings were planted incorrectly, they were planted too deep, the top of the root-ball buried 

under the mud, potentially resulting in the roots and rhizosphere receiving insufficient oxygen.   In 

addition, a concern was the lack of care with which the polybags were removed from the root-balls, 

letting the root-ball mass break up, thereby breaking the fine root hairs and degrading the plant, 

particularly if children were planting.  If propagules were planted inappropriately, they tended to be 

inserted too shallow into the mud.  In a very sheltered site this might not be a problem, but on an 

energetic mudflat with soft mud providing insufficient mechanical anchorage, propagules could be 

washed away.   Only the Philippines used ‘wildling’ Rhizophora sp. seedlings which were juvenile 

plants with 2-5 leaf pairs, manually pulled out of the mud without a root-ball.  Wildlings were used 

because of the misconception that these young seedlings were more reliable, as they had already 

started to grow, whereas some propagules failed to break bud (P1A#16).  The belief in superior 

wildling reliability could in part be a consequence of the poor performance of propagules that had 

been pulled from the trees before they were ripe, and a partial understanding of propagule-boring 

beetles. Almost always wildlings were deployed on mudflats, an unsuitable zone for mangrove 

establishment and as a result performed poorly. This was compounded by the likely root damage 

during extraction, forcing delicate roots back into soil during replanting and the fact that wildlings 

were often stored in the sun where the roots would desiccate and die before planting (pers. obs.).  

However, wildlings formed a convenient seedbank and therefore could be extracted all year 

(P1A#46). 
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2.6.1.6 Canes, Lines, Planting Events and Their Timing 

More often than not, sites had split bamboo canes inserted a day or two before a planting event by 

conservation group members to indicate where to plant, rather than for support, as the canes were 

rarely tied to the propagule or seedlings, making the value of staking doubtful. Asked why they used 

canes when not attached to the propagule or sapling, villagers could give no answer. For 

government agencies, the use of canes (often with tops sprayed red) emphasized to potential 

encroachers that the site was now being actively managed by the state and to deter further 

encroachment. Staking might help if the planting site experienced energetic waves, such as along 

Suriname’s coast where long stakes were inserted very deep to stop the plants from sinking 

(Toorman et al., 2018), but at the same time, a high energy site suggests that the location is 

inappropriate for mangroves.   Although not inherently wrong, resources used for staking could be 

better applied to other management tasks. 

If there was sufficient space, canes were always inserted in lines. Although planting in straight lines 

was not inherently wrong, this practice led to minor variations in topography and channels being 

ignored and planted inappropriately.   At no time was planting in lines questioned by villagers. 

Indeed, mangrove workers were adamant that planting in lines was the correct method as the 

government did the same, several people mentioned that straight rows were “beautiful” 

(interviewee T2A#44, T3B#44) and pleasingly neat, and that other crops were also in lines, such as 

rice, rubber, oil palm and fruit trees.    For the same reason, several Thais (e.g. interviewee T1B#38) 

commented that they disliked “messy” trees such as Xylocarpus sp. and Melaleuca sp. as these 

species shed their bark. 

Techniques such as ‘clump planting’ were discussed only very occasionally but not executed for the 

mutual soil improvement that tightly planted propagules provide for each other.  Interviewee 

T3B#18 clump planted Nypa palm seeds 30-50cm apart in threes only because he felt that the palms 

spread better and looked aesthetically pleasing.  

The various motivations for planting produced different styles of planting events and affected the 

timing of the activities.   Planting in the Philippines was paid work to produce a mangrove bio-shield, 

and often performed by organised, experienced teams and over several days, when the logistics 

were all arranged.   By contrast, in Thailand, some of the village planting events were chaotic with 

scores of schoolchildren planting in inappropriate places and significant footfall damage to planted 

material and natural regeneration (interviewee T1B#16, village T3A pers. obs.).   On more than one 

occasion, a Thai conservation group member mentioned that they had relocated much of a previous 

day’s planting to more appropriate places.  The Thai government agency was aware of these 
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shortcomings, but felt the planting was still worthwhile as an awareness-building and education 

exercise and as a mechanism to encourage villagers to work with the government rather than 

perceive the state as the enemy (T1A&B DMCR interview 27.i.2014).  Otherwise the timing of Thai 

planting activity was driven by villagers’ desire to carry out collective activities on national holidays. 

Unfortunately, one of the key holidays is in the middle of the dry season.  

2.6.1.7 After Planting Activities and Mangrove Silviculture  

In the Philippines, local conservation groups were more likely to inspect plantations than 

government mangrove agency staff because villagers were paid to manage planting projects. In 

contrast, because most planting in Thailand was carried out by unpaid volunteers, government 

inspection was more likely.  Disturbance to mangrove plantations appeared to be limited to fringe 

and mudflat sites. Occasionally this instigated the installation of signage and fencing to keep fishing 

boats out.  Beyond damage from fishing gear, some fishers encircled large areas of more mature 

mangroves with nets to trap escaping fish, a technique that damaged young mangroves.  In general, 

plantation disturbance was avoided as both government mangrove agencies had started to consult 

more closely with fishermen who lived nearby before planting.   Furthermore in both countries 

disturbance was poorly interpreted and recorded as losses attributed to damage by fishermen, when 

it was more likely that the plants that had failed to establish because of poor site selection or site / 

species matching. 

Apart from the dense stand of Ceriops tagal that had had the side branches removed at around 5-6 

years old (village T1B), and side branches removed from a Rhizophora sp. plantation to encourage 

the production of straight, unbranched stems in another community (T2B), post-planting silviculture 

was notable by its absence10.  There was very little reported systematic post-planting pruning and 

thinning.    

2.6.2 Knowledge Gaps, Misunderstandings and Access to Information  

For conservation groups and villagers, it appears that only a portion of the available mangrove 

knowledge has been communicated to them.   While some study tours were described as very 

useful, particularly for alternative livelihoods (e.g. interviewee T2A#42), the sporadic mangrove 

training sessions for planting from the government that a few had received were less helpful as they 

defaulted to a mono-specific terrestrial plantation approach (interviewee P1A#51), rather than 

embracing full ecosystem rehabilitation, hydrological restoration and mangrove ecology.  As well as 

failing to avert poor planting outcomes, this training did little to counter the misunderstandings 

 
10 An exception was the village Nypa palm expert T3B#15 mentioned earlier.  He had a great understanding of 
Nypa palm cultivation and managed his stand of palms for sap production with great skill and knowledge.  
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about mangroves held by various communities.  The consistent choice of Rhizophora sp. was due to 

village misconceptions about this and other genera.  For example, one group (village P1A) believed 

that Rhizophora sp. and Nypa fruticans were the only species that could withstand undiluted 

saltwater and therefore the only species they could use.  Several Philippine villagers believed that 

only the Rhizophora sp. areas were productive for fisheries because they saw shrimp and fish only 

within prop roots of this genus at high tide, in contrast to the landward Ceriops / Bruguiera zone 

(there being little or no low zone Avicennia / Sonneratia mangrove for comparison).   There was a 

village-wide (T3A) misunderstanding about the large-scale die-off of trees within impounded areas 

of standing water within their mangroves due to channel blockage from siltation.  Local people 

attributed this die-off to fallen Rhizophora sp. leaves decaying in the standing water which turned 

the water ‘sour’ (acidic).  In addition, in this village, people believed that when R. mucronata grew to 

more than 15m in height the species naturally became unstable and fell over as this was being 

observed in their mangrove (T3A and T3B).  Both these problems were caused by disturbance to 

upstream hydrology by a watershed-scale dam.    Finally, when considering planting on exposed sites 

subject to higher wave energy, villagers believed that only Rhizophora sp. could survive in this 

erosive environment (e.g. interviewee T1B#36), misunderstanding the superior resistance to erosion 

due to their cable root systems of Sonneratia sp. and Avicennia sp. (Primavera, 2015; Primavera et 

al., 2014).    

It would be informative to conduct more detailed research concerning specific choices and activities 

(or the lack thereof) using the theory of planned behaviour (TPB, Ajzen, 2002). Specifically, how 

attitudes, subjective norms and perceived behavioural control (PBC) might influence the 

unwillingness to clear mangrove channels of debris or intentions to plant and thereby planting 

behaviour. For example, while knowledge about the provision of ecosystem goods and services from 

mangroves, environmental education and training offered might develop positive attitudes towards 

mangroves and mangrove rehabilitation, payments for planting in the Philippines might outweigh 

these attitudes.  The earning opportunities from planting produced perverse incentives, sometimes 

overcoming local knowledge about inappropriate rehabilitation site and species choice (the 

behavioural control).  Villagers understood that many of the sites chosen by the government for 

planting were unsuitable for mangrove establishment, being too low relative to sea level and with 

soils saturated for too much of each tidal cycle, thus in this case involuntary behavioural control 

(Rossi and Armstrong, 1999), but planted anyway for the income (J. Primavera, pers. comm., 

Primavera, 2015). Similarly, in Thailand, the very positive attitudes towards planting together on 

national holidays (although with minimal social pressure to do so – the social norms) sometimes 
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overcame reservations villagers might have had about site and species choice (i.e. belief in their 

ability to rehabilitate a site - perceived behavioural control).  

Mangrove agency field officers were sometimes little better informed than villagers.  Few officers 

mentioned whether they had received specific mangrove rehabilitation training beyond plantation 

development, and no training similar to Lewis’ CBEMR approach (Appendix B) or as detailed as that 

provided by NGO Mangrove Action Project11 or within ZSL’s mangrove manual (Primavera et al., 

2015).  They would not use a natural reference mangrove site, for example, to guide rehabilitation 

decision making. Nor would they examine changes in hydrology and rectify those first before any 

other implementation.  Officers in both countries appeared not to be receiving summaries of the 

scientific research and appeared to be largely unaware of current academic research output.  There 

was little evidence of state-commissioned independent reviews of their planting outcomes or 

lessons to be learned from the government mangrove rehabilitation work conducted after the end 

of the mangrove concessions. Of the more recent planting (since 2007), the Philippines Dept. for 

Natural Resources and Environment was attempting to validate National Greening Program 

planting12, although this validation assessment appeared to be poorly executed13.   Throughout the 

duration of the research period, government mangrove agency staff appeared to spend only limited 

time analysing why planting outcomes had been sub-optimal, and these failures rarely resulted in a 

change of technique, species planted or a move towards evidence-based decision making (as per 

Sutherland et al., 2004).  According to two Thai conservation group leaders, if the mangrove agency 

actually acknowledged a planting failure, it was more likely to change site than question species 

choice or technique.  More broadly, there seemed to be a lack of willingness in both countries to 

review previous rehabilitation work, publish and learn from the experience and develop an 

evidence-based rehabilitation programme, let alone take steps to integrate published best practice, 

or local / indigenous knowledge as suggested by Tengö et al. (2014).     

A possible explanation is that government mangrove targets are related to areas planted or numbers 

of propagules planted (Chapter 1), negating the need for post-planting review compared to more 

appropriate parameters such as survivorship after 3-5 years (Chapter 1) or biodiversity (Davies et al., 

 
11 The author is paid to teach Lewis’ ‘community-based ecological mangrove rehabilitation’ approach for MAP, 
as detailed in Appendix B. 
12 In the two Philippine villages studied, this was subject to deception as forewarned villagers were relocating 
natural mangrove ‘wildling’ saplings to failed planting sites just before the validation visits, to avoid the 
impression of total planting failure and the termination of their employment to replant. 
13 In a conference presentation in 2017, the DENR claimed to have a 74% survival rate but presented very little 
evidence to substantiate this claim. Philippine survival rates found by this author were significantly lower (see 
Chapter 1). Repeated requests for an interview with senior members of the Dept. for Environment and Natural 
Resources in Manila to discuss NGP planting and validation failed to produce a response.  
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2014; Secretariat of the Convention on Biological Diverstiy, 1992).  Fulfilling these quotas was 

success in itself.  In addition, perhaps expectations were low as there appeared to be a lack of 

accountability or reprimand for planting failure.  Rarely did the village mangrove experts appear 

concerned about the poor planting outcomes when touring planting sites with the researcher.     

What are the possible barriers to sharing and attaining mangrove knowledge? The process could 

start with an acknowledgement by village conservation groups, government mangrove agency staff 

and officers at head office that previous planting programmes have resulted in poor outcomes.  

Furthermore, recognition that there is much to learn about mangrove ecology and biology, and that 

mangroves are significantly different to terrestrial forests, would be beneficial.   Many mangrove 

agencies around the world, including those in Thailand and the Philippines evolved from, are part of, 

or are hosted by, corresponding Forest Departments, (e.g. Senegal, Tanzania, Myanmar, Guyana, 

pers. obs.) and thus a terrestrial (production) forestry approach often prevails. However, despite this 

departmental connection there appeared to be a lack of systematic dissemination of mangrove 

research and best practice to the field offices, translated and in an appropriate form (rather than as 

scientific papers).  If mangrove agency staff wanted to source their own information, much of the 

scientific literature is in the format of research papers, possibly in a foreign language and behind a 

paywall.  Moreover, it is questionable whether university-based researchers have communicated 

their findings effectively, beyond academic publications and conferences, to mangrove agencies and 

community groups14 as Cvitanovic et al. (2015) suggested concerning marine protected areas 

(MPAs). It is arguable that the knowledge-deficit model15 should encourage researchers to make 

more of an effort to engage and communicate with mangrove stakeholders and workers but this 

appears not to be happening (Simis et al., 2016). Instead, as Cvitanovic et al. (2015) suggested of 

managing MPAs, gut feel and habit seemed to guide mangrove rehabilitation decision making.  The 

output from researchers listed in the Introduction section and in Chapter 1 appear not to have 

changed behaviour on the ground. 

  

 
14  With the honourable and courageous exception of Dr Jurgenne Primavera who has taken the Philippine government to 
task over their inappropriate mangrove planting in the national media, at some personal risk to herself. E.g. 
https://palawan-news.com/scientist-says-government-planting-wrong-mangrove-

species/?fbclid=IwAR09NpYhAfYIz2WbxDsbYGnDmUgbQumhzpIUZq0ONXcwKlncLJNLO6IJFZs  accessed 
14.6.2019 
15 The knowledge deficit model suggests that the ignorance of, in this case, the collected mangrove knowledge 
and rehabilitation techniques from published science and manuals, is due to a lack of information which 
therefore results in limited support for the science and techniques in question. 

https://palawan-news.com/scientist-says-government-planting-wrong-mangrove-species/?fbclid=IwAR09NpYhAfYIz2WbxDsbYGnDmUgbQumhzpIUZq0ONXcwKlncLJNLO6IJFZs
https://palawan-news.com/scientist-says-government-planting-wrong-mangrove-species/?fbclid=IwAR09NpYhAfYIz2WbxDsbYGnDmUgbQumhzpIUZq0ONXcwKlncLJNLO6IJFZs
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2.7 CONCLUSIONS 

There were many mangrove-related activities that were positive and should be supported.  Villagers 

and government mangrove agency staff in both countries were making significant efforts to regain 

mangrove coverage, and both agencies recognised that they needed to work with and engage local 

mangrove communities, rather than have confrontational relationships. Some of the Thai DMCR 

mangrove field offices were attempting to negotiate the return of aquaculture ponds, initially 

produced by illegal encroachment, back to state owned mangrove.  And there were various ad hoc 

education programmes about the benefits of mangroves (interviewee T1B#12).    

However, there appeared to be gaps in the knowledge of what government staff and villagers knew 

about mangrove ecology and rehabilitation, and a disconnect between this knowledge and actions 

on-site.  In the absence of evidence-based guidance being provided to planting teams, or collecting 

their own evidence of effective methods, inappropriate methods were repeated with perhaps 

surprisingly low expectations of success. For example, many projects attempted to afforest mudflat 

areas.  Despite being aware of low zone pioneer species (pers. obs.), villagers and government staff 

did not attempt to use these more appropriate species even to test extending the front fringe of 

existing mangroves, let alone on mudflats below this fringe.  Developing an understanding of 

mangrove degradation closer to that described in the scientific literature, while taking into account 

the influences of climate change and local culture, might alter villagers’ perception of what is 

degraded and facilitate more appropriate rehabilitation site selection.  This would include 

recognising that back mangrove zones are naturally more open and often do not require 

underplanting, recognising and applying the appropriate species for a site, and understanding why 

mudflats are not appropriate for afforestation attempts.        

Published scientific research and best practice manuals appeared not to be produced in an 

appropriate form or accessed by these groups.   Therefore, outside organisations wishing to help 

mangrove communities should focus not on one-off planting events, but work to build the capacity 

of the local village conservation groups and corresponding mangrove agency field office staff, and 

deliver appropriate training material in a suitable form (Sutherland et al., 2004). This would include 

illustrated rehabilitation best practices, short films using local languages and face-to-face teaching.  

This outreach work will require long-term interaction, rather than isolated training sessions, to 

identify misunderstandings or persistent knowledge gaps and act appropriately, as well as other 

issues that affect conservation behaviour.  Field research and assessment of previous planting 

should be conducted with government officers and village conservation groups, as recommended by 

Cvitanovic et al. (2015).  Training should encourage rehabilitation of degraded areas using methods 
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that encourage greater biodiversity to produce mangroves more resistant and resilient to the 

potentially detrimental effects of climate change (Lewis and Brown, 2014).   Community-based 

action research of this nature might realign expectations of planting survivorship and lead to a 

virtuous cycle of implementation, analysis of results and improvements of silvicultural techniques 

and site choices. 
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3 CHAPTER 3. COMMUNITY MANGROVE MANAGEMENT: LAWS, RULES, 

CONTEXT & REALITIES 

3.1 ABSTRACT 

There is a potential conflict between conserving mangroves for the ecosystem benefits they provide, 

and allowing the harvesting of wood and timber for economic benefits and to assist village 

development.  Mangroves might be protected by national laws but government agencies responsible 

for coastal resources such as mangroves or fisheries have limited budgets, limited staff and limited 

capacity to stop mangrove harvesting and inappropriate local management. Governments are 

increasingly decentralising resource management and encouraging local communities to look after 

them. Despite the challenges of a precise definition, community forest management (CFM) is an 

approach to integrate these disparate objectives.  Potential advantages and difficulties of terrestrial 

community forest management have been described in various case studies, and the importance of 

local context in success.  Researchers have also described and tried to identify certain institutional 

conditions necessary for successful CFM.   CFM has however rarely been explored in the context of 

community mangrove management.  

This study examined the effectiveness of rules in village mangrove management via 157 semi 

structured interviews, key-informant interviews and informal discussions with mangrove users and 

village leaders, in eight mangrove villages across Thailand and the Philippines.  

Thailand has experimented with CFM but lacked an appropriate legal framework. The Philippines 

relied much more on national law.  All villagers were aware of the mangrove rules and understood 

the need for them.  Most people believed that the village rules or the law were followed by others.  

Rules were seen as appropriate for the threats to mangroves, particularly unsustainable harvesting, 

but villagers were concerned by a perceived lack of patrolling and rule enforcement. Previous 

examples of the application of sanctions, and good leadership, increased the credibility of the rules 

and potential punishments.  

In relation to the necessary conditions described by terrestrial CFM researchers, while only a 

proportion of the community relied on the mangroves for their livelihood, village boundaries were 

well understood, even if mangrove zoning was less effective.  Although land tenure remained an 

issue, the rights and obligations of the villagers in respect of CFM were clear, with few, simple rules 

being easiest to remember.  Because these purposefully-sampled villages had reasonably intact 

mangroves, the direct benefits of cutting restrictions were not clearly identifiable. However as most 
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villagers did not earn their livelihoods primarily from mangrove wood extraction, but only harvested 

wood for household repairs, the corresponding costs of refraining from cutting were not significant.  

We suggest that good social capital and leadership in particular remains central to the effective 

development of CFM rules and credible sanctions. CFM does not absolve the state from the 

management of mangroves but changes its role to that of supporting, training and facilitating.   
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3.2 INTRODUCTION 

Not only are mangroves a scientifically interesting coastal ecosystem but they also form a vital 

natural resource, particularly for the poorest members of a coastal village (Glaser and da Silva 

Oliveira, 2004; Kairo et al., 2001; Springate-Baginski and Than, 2011; Stevenson et al., 1999; 

Sunderlin et al., 2005).  Healthy mangroves with appropriate hydrological connectivity provide 

villagers with a wide range of ecosystem goods and services (Appendix A, Moberg and Rönnbäck, 

2003).   The poorest tend to rely on their mangroves disproportionately more than the rest of 

society (Sunderlin et al., 2005) even though most mangrove community members often have several 

streams of income, fishing being the primary livelihood (Datta and Sarkar, 2012), supplemented by 

mangrove wood collection, crab harvesting and rubber tapping (López-Hoffman et al., 2006; 

Sunderlin et al., 2005; Walters et al., 2008; Zorini et al., 2004).   As well as providing fish, crabs and 

shrimp, villagers can ‘glean’ within the mangroves for other marine creatures (Maliao and Polohan, 

2008), providing food security for coastal folk too poor to own a fishing boat (Magalhães et al., 

2007).  Thus conserving and effectively managing a mangrove ecosystem directly helps the most 

vulnerable people within coastal communities.  

By the same token, the resources within a mangrove offer local villagers the potential opportunity to 

gain significant benefits very rapidly from extraction of timber for sale, cutting of wood for charcoal, 

or clearing and converting mangrove areas to other land uses, at the expense of this public good and 

the benefits accrued by other villagers.  Thus, there can be conflicting management objectives and 

preferences between resource conservation and community development (Berkes, 2004; Osbeck et 

al., 2010).    

Most countries that have mangroves along their coasts have policies and laws that protect them.  In 

a sub-set of these countries, although these policies provide titles for forests which might suggest 

that they are protected, such as ‘Reserve Status’ (Tanzania) or ‘Reserved Forest’ (Bangladesh, 

Myanmar), this does not always translate into actual enforcement of sanctions and protection in 

practice (Dahdouh-Guebas et al., 2000; Glaser and da Silva Oliveira, 2004; Iftekhar and Islam, 2004; 

Marschke and Nong, 2003; Nurse and Kabamba, 2000; Sudtongkong and Webb, 2008; Zorini et al., 

2004).  Government patrolling and enforcement of laws protecting mangroves and stopping 

deleterious activities within them is challenging because of the diffuse nature of the mangroves and 

the limited state resources available (Rotich et al., 2016).   Therefore some form of management by 

the local community is a potential alternative approach to administering and protecting a village’s 

mangrove forest and inhibiting unsustainable levels of mangrove exploitation.    
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3.2.1 Village Common-Resource Management Institutions  

There has been a significant amount of academic study around property rights and management of 

natural resources that are under state, private or common ownership and the resulting institutional 

arrangements.  A property right might be defined as the authority to carry out a specific action, or 

the right to a specific resource within a designated area (Agrawal and Ostrom, 1999; Slaev and 

Collier, 2018). Writers such as Slaev and Collier (2018) argued that the main types of property rights 

are private, common (i.e. collective or communal), state-owned / public, and open access (i.e. the 

absence of property rights).  Hardin (1968) was particularly concerned about open-access resources 

(although he used the word ‘commons’) such as fisheries that were not protected by any property 

rights or customary norms, and would therefore be vulnerable to over-exploitation and severe 

degradation. Other writers contemporary to Hardin suggested that either private or state ownership 

were the only effective governance solutions. However, later scholars have recognised that there is a 

complex variety of additional property regimes and governance structures depending on different 

ecological conditions, types of natural resources, discount rates applied to natural resources, 

relevant institutions, socio-ecological circumstances, and that no one solution works in all 

circumstances (Cole and Ostrom, 2010; Ostrom, 2010, 1999). Most relevant to community-based 

management are rights concerning common-pool resources. These might be summarised, in the 

context of a forest, as the rights to enter, harvest (subtractable goods), manage (alter physically), 

exclude others (by rules or fencing) and alienation (sell or transfer these rights, Agrawal, 2001; Cole 

and Ostrom, 2010).  Within common-pool governance, researchers have attempted to understand 

and identify arrangements that allow successful, sustainable management and equitable distribution 

of benefits from a natural resource over the long-term and the collective conditions necessary.   

Understanding common-property management more fully has gained in importance as many 

governments have been working towards decentralising management control of natural resources, 

and forests in particular, away from the purview of central government to either local government 

or local community level (e.g. Cinner et al., 2012; Faure et al., 2019; Mulyana, 2017; National 

Legislative Assembly (Thailand), 1999; Roe et al., 2009), as a way of combatting deforestation, 

degradation and biodiversity reduction. While the term decentralisation is used here, it should be 

acknowledged that many other terms are used for this process, including delegation, 

denationalisation, deregulation, devolution among various terms, the specific meanings of which, in 

this context, are still debated (Agrawal and Ostrom, 1999).  Part of the reason for the lack of clarity 

of terms relates to who (resource users or elements of the state) is making decisions about 

operational rules, user-group constitution rules, collective choices and who has responsibility for the 

resource (Agrawal and Ostrom, 1999).  
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While there are benefits to this transition of management, it is not without problems and challenges 

(Balooni and Inoue, 2007).  To date it is arguable that while there have been many community-

specific or small-scale comparative studies of the success or otherwise of institutions and rules of 

commons management, the effect of the context within which the communities exist, the influence 

of the specific features of the natural resource in question, and the general applicability of the 

conclusions from single-site studies are less well understood (Agrawal, 2001).  The nature of the 

resource itself is an important factor that can make management easier or more difficult.  For 

example, forests are stationary, unlike fisheries under artisanal fishing rights or migrating animals.  

In addition, the benefits they provide are reliable and predictable, unlike marine creatures affected, 

for example, by El Nino cycles (National Oceanic and Atmospheric Administration (NOAA), n.d.).  

Therefore, this makes terrestrial forests and mangroves easier to manage than migrating or 

ephemeral resources (Agrawal, 2001).  

Community-based natural resource management (CBNRM) is one potential decentralised 

management approach. Within CBNRM much of the scientific and social research has focused 

specifically on community forest management in terrestrial situations and predominantly within 

Asian countries (Agrawal, 2001; Bowler et al., 2012).  CBNRM enables local people to make decisions 

about their land and resources, and by transferring decision-making authority to communities, 

encourages greater local accountability, and management decisions that are more appropriate to 

local requirements (Roe et al., 2009). This process might involve co-management with the state, 

legal transfer of the resource and governance responsibility, protected area management, benefit 

sharing, outreach work and designation of rights and responsibilities.  However there is great 

breadth within this definition and consequently variation as to what CBNRM means to different 

groups (Roe et al., 2009).   Although the terminology used varies, including joint forest management, 

co-management, community-based forest management (in the Philippines, Faure et al., 2019), 

participatory forest management among other terms, here we will use the term community forest 

management (CFM) (Bowler et al., 2012).  By CFM we include all forests of all types that at least in 

part are managed by local people, in a way that provides various social, economic, or ecological 

benefits to them, even if the state still retains ownership of the forest (Bowler et al., 2012; Rotich et 

al., 2016). We also acknowledge the potential confusion and inter-changeability between 

community forest management and community forestry management, where the latter might have 

a greater interest in wood production and harvesting (e.g. Springate-Baginski and Than, 2011), 

compared to the former (but see Faure et al., 2019). 
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3.2.2 The Potential Advantages of Community Forest Management 

Whether or not there are national rules limiting or prohibiting the use of natural resources such as a 

community forests, there are often no effective enforcement mechanisms in place and limited 

infrastructure and resources to protect natural assets (Curran et al., 2004; Maliao and Polohan, 

2008).  Appropriate community management of forests can potentially avoid degradation or 

deforestation and conserve resources more effectively than open access or government ownership 

(Baland et al., 2010; Pokharel et al., 2007; Porter-Bolland et al., 2012) which in the case of 

mangroves has often resembled benign neglect (Aksornkoae, 2004).  Natural resource conservation 

and management by exclusion of local people and prohibition of use or access rarely works and is 

often too costly to implement (Datta et al., 2012; Ostrom, 1999).  Structured appropriately with 

integrated alternative livelihood activities providing economic benefits in return for conservation 

activities, CFM can not only conserve resources and preserve biodiversity but also contribute 

towards positive livelihood and income generating activities (Nilsson et al., 2016). It can also provide 

efficient and cheap forest administration with the possibility of delivering goods and services in a 

form that are most appropriate for people nearby.   

If a community has a stake in their local mangrove forest, they have a greater incentive to manage it 

more sustainably and bring their local knowledge to bear, rather than view a forest as a government 

asset to be plundered (Datta et al., 2012).  More specifically, allowing people to use and extract 

resources such as wood and timber, while also being responsible for its sustainable management, is 

potentially a more productive mangrove management approach than exclusion by government fiat 

(Glaser and da Silva Oliveira, 2004; Zorini et al., 2004).   Proximity facilitates passive patrolling while 

passing through their mangroves on the way to a livelihood activity such as fishing (Sudtongkong and 

Webb, 2008).  Village fishermen can ensure adherence to by-laws as well as monitor the changes 

from management activities more easily, effectively and frequently than more distant mangrove 

agency field office staff.  

3.2.3 Establishing Enduring, Effective Community Forest Management is Challenging 

Although CBNRM / CFM is instinctively appealing, it has proved difficult to make CFM projects 

sustainable and effective over the long-term (Pomeroy and Carlos, 1997; Sunderlin et al., 2005; Tole, 

2010).   The authors questioned whether CFM had become an act of faith, repeated without 

sufficient justification in the introductions of successful single-site case studies (e.g. Soontornwong, 

2006) but with limited evidence to demonstrate that in general community management is better 

than management by the state (Bowler et al., 2012; Tole, 2010).  If community management is the 

answer, Bowler et al. (2010) stressed the need for evidence-based confirmation and best practice 
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guidance, but from their study they reported only mixed results.  Similarly, from a systematic review 

of 69 cases of CFM from around the world, 29 were estimated to be failures (Pagdee et al., 2006).  

These authors and others questioned how to judge success or failure of CFM, what factors 

contributed to it, and suggested that the results have been poorly analysed and reported (Bowler et 

al., 2012; Pagdee et al., 2006).  Busch and Ferretti-Gallon (2017) found no consistent relationship 

between community forest management and either greater or lesser levels of deforestation. Roe et 

al. (2009) attributed the difficulties of getting African CBNRM projects to work well to several 

factors:  

➢ a failure to produce clear project objectives, particularly when negotiating between 

conservation and development 

➢ a failure to produce indicators of meaningful long-term outcomes, rather than just lists of 

activities 

➢ a failure to develop and maintain the long-term capacity building of leaders and managers to 

facilitate the management of projects 

➢ poorly managed stakeholder participation 

Considering mangrove projects specifically, a review of community management projects in the 

Philippines suggested a low success rate (Pomeroy and Carlos, 1997).  These authors attributed the 

failures in part to poor design and implementation of the community management process, which 

required thorough, careful planning and extensive social groundwork, including a clear 

understanding of the true needs of the communities.  Furthermore programmes needed to ensure 

the long-term sustainability after the initial project funding stopped (Datta et al., 2012).   

As Roe et al. (2009) mentioned in relation to African CBNRM projects, identifying the stakeholders 

that should be involved in implantation of mangrove CFM projects was challenging.  Many 

government departments such as the departments of Forestry, Environment, Fisheries, the military, 

Coast Guard, Interior, Land, Local Authorities believe they have jurisdiction over mangrove zones 

(Broadhead et al., 2016; Rotich et al., 2016).  For example, during a project in Para state, Brazil, 

seven government stakeholders and more than 30 other groups concerned with the marine 

environment were identified, all with their own agendas and specialisms (Glaser and da Silva 

Oliveira, 2004).   Unfortunately, managing and running a big group of stakeholders is inherently less 

effective than a smaller group and it is less likely that appropriate decisions will be taken (Nurse and 

Kabamba, 2000), even though the various groups might bring additional skills and resources to the 

project (Ostrom, 1999).  In addition there can be conflict between stakeholders for political or 

financial benefit, despite being equally involved, e.g. the elite of the stakeholders capturing most 

benefit (Roe et al., 2009).  For example, natural resource extraction might enable landless poorer 
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local people to earn a livelihood, but they might not benefit from timber harvesting as these 

extraction rights are sometimes controlled, and the profits accrued, by local wealthy elites.  Timber 

extraction requires skills, access and rights to the resources which local people might not have, 

therefore inhibiting the trickle-down of economic benefits to poorer community members 

(Sunderlin et al., 2005). 

Finally, it should be noted that some of the most successful and high-profile, single-site CBNRM 

projects have benefited from what is arguably long-term, well-meaning and effective but 

unsustainable and unrepresentative levels of intensive and highly skilled input from NGOs and 

universities.  Mangrove CFM examples include Pred Nai in Trat, Thailand (Senyk, 2005); NGO 

Yadfon’s support of a community Palian, Thailand (described in the study comparing state 

management to village CFM, Sudtongkong and Webb, 2008); or in Gazi Bay, Kenya (e.g. Huxham et 

al., 2015).  Walters (2004) acknowledged the unrepresentative nature of his two showcase Philippine 

mangrove communities as they had been visited frequently by interested parties, thereby being far 

from representative. Although valuable lessons about community management have been gained 

from these examples, their wider applicability is questionable.  

3.2.4 Brief Summary of the Relevant Mangrove Laws in Thailand & the Philippines 

According to Thailand’s Forest Act (1941), mangrove belongs to the state unless an area had 

previously been bought by an individual.  By law, cutting of mangrove is forbidden, particularly in 

Protected Areas or in land controlled by the Department of National Parks (DNP).  More recently, 

according to the National Parks Act (1961), no one can own or utilise mangrove.  Later, the Thai 

constitution of 2007 emphasized the right of local communities to participate in the management of 

natural resources, but the appropriate and much discussed community forest bill has never been 

ratified by government16.  The Marine Protected Areas and Marine and Coastal Resources 

Management Act (2015) prioritises participatory approaches but also states that all mangrove is now 

‘mangrove conservation area’ including that previously defined as ‘Mangrove Reserve Forest’ and 

‘Community Mangrove Forest’, except mangrove controlled by the DNP which remains under their 

control.  For more details on Thai forest law see Broadhead et al. (2016).  

For a listing of the legislation concerning mangroves in the Philippines see Primavera et al. (2014).  

On the Philippine island of Palawan where this research took place, all mangrove forests were 

 
16 It should be noted that despite being drafted in 1992, the Royal Thai Government’s ‘Community Forestry Bill’ 
has still not been ratified by parliament, even though the ‘Marine Protected Areas and Marine and Coastal 
Resource Management’ Act of 2015 (MCRM Act) states that participatory approaches to mangrove 
management should be encouraged.  
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declared wilderness areas and forest reserves17. This was followed by a ban on cutting mangroves in 

198218 and supported by a Republic Act in 199119.    In a similar manner to Thailand, until the 1980s 

and 1990s, mangroves in the Philippines were subject to corporate concessions for charcoal 

production and fuelwood for bakeries.  As a result, the original forests have been cut-over and 

replanted with either Rhizophora sp. or occasionally Bruguiera sp. There has been a national ban on 

logging in natural mangrove forests since 201120.  Similarly, state law mandated no cutting of 

mangrove wood, including cutting for sale or for making charcoal. Extraction of non-timber forest 

products (NTFPs) and Nypa fruticans leaves was permissible.  For terrestrial forests ‘community-

based forest management’ is a national policy21, but from the government side, unlike Thailand, 

there was no informal agreement that allowed limited, small-scale mangrove cutting for household 

use.   

3.2.5 Tentative Steps Towards Community Management in Thailand 

The large-scale charcoal concessions were terminated in Thailand by a cabinet resolution in 1996 

and since then the government’s attitude has started to move towards mangrove conservation.  

Individual villagers, deprived of their jobs felling mangroves for commercial charcoal producers, 

attempted to meet the continued demand with their own kilns which were hidden in the mangrove 

forests.  In the late 1990s this resulted in significant and sometimes armed confrontation between 

villagers and (at the time) the Royal Forest Department. However, an evolving realisation by villagers 

of the benefits of intact healthy mangroves slowly changed attitudes and encouraged some 

residents to assist the government’s rehabilitation efforts and conserve existing mangrove.  At the 

same time, within the government and particularly the Department for Marine and Coastal 

Resources (DMCR) field office directors’, attitudes and approaches evolved to encourage the 

establishment of village conservation groups and to support village attempts to manage their 

mangrove resources.   Some DMCR field office directors explicitly stated that if villages co-operated 

with the DMCR, they should be able to benefit from their mangroves if they managed them 

appropriately, controlled cutting and helped with planting.   To assist this process the government 

mangrove agency field offices were encouraging the more co-operative villages to develop their own 

community mangrove management rules. These CFM rules were not legally binding and did not 

include the transfer of property rights to villages, but once finalised, would be ‘acknowledged’ by the 

field office and / or the sub-district government administration office, and could be used by the 

 
17 Presidential Proclamation 2151 and 2152 (1981) 
18 Presidential Proclamation. 2146 (1982) – Ban on mangrove cutting throughout the Philippines  
19 Republic. Act. 7161 (1991) – Internal Revenue Code: Prohibition on cutting all mangrove species 
20 Philippines Presidential Executive Order (2011) No. 23 
21 Philippines Presidential Executive Order (1995) No. 263  
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village leadership to enforce sanctions within the village.  It should be noted that levels of village 

cooperation with the DMCR varied greatly and many coastal villages in Thailand had not developed 

their own rules.  

To enable the co-operative villages to benefit from their mangroves, from approximately 2012 

onwards, some of the Thai villages had a verbal, informal agreement with their corresponding DMCR 

field office director that individual villagers could extract mangrove wood for household use only.  

The numbers of stems permitted within ‘household use’ was often described as material needed to 

repair an existing house only, not enough to produce a new house nor continuous extraction for 

fuelwood for cooking. The maximum allowed for household use was frequently 50 stems per year 

per household.  The expectation was that the village and village leadership would monitor and 

ensure compliance with this agreement.  Based around this stem quota, villages developed their 

own Community Forest Management (CFM) rules.   

3.2.6 The Importance and Complexity of Village Context is often Under-Reported 

In an effort to study the institutions that contribute towards successful community resource 

management, many researchers only partially acknowledge the impact of the context that villages 

exist within, and adequately report this detail.  Contextual factors which are still subject to research 

and debate include (changing) access to local markets; local road building; technological change 

relating to harvesting or the resource itself; changes in local demographics, immigration and 

population pressure among many issues, (Agrawal, 2001) much of which has been discussed in the 

Introduction section.     

Influences affecting benefit sharing, preferences, reciprocity, cohesion and social capital (Agrawal 

and Gibson, 1999), in turn might affect a community’s ability to produce, agree and enforce rules 

and sanctions governing natural resources. Social capital might be defined as the elements of a 

community such as values, networks, trust, beliefs and cohesion which allow a community to 

function appropriately, although there is still disagreement about the definition, Bodin and Crona 

(2008).   Communities are often heterogeneous, divided by (extended) family, caste, religion, 

income, gender, tribe, length of tenure, political connections and many other factors (Agrawal and 

Gibson, 1999).  Within a legally defined village or community, a group of people living together 

cannot be assumed to operate well as a single group, e.g. be able to decide village rules agreeable to 

all or resolve disputes within the village (Waylen et al., 2013). How this community heterogeneity 

might affect collective action is complex and ill-defined (Agrawal, 2001). Community members might 

be (forced) immigrants from other parts of the country (Glaser and da Silva Oliveira, 2004; 

Tanzania’s campaign of ‘villagisation’, Fisher et al., 2005), displaced by recent conflict (e.g. 
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Cambodia22 1975-78, Marschke and Nong, 2003) or economic migrants.  They might have little 

knowledge of the village’s natural resources and how to manage them sustainably (Agrawal, 2001; 

Datta et al., 2012; Glaser and da Silva Oliveira, 2004; Islam and Wahab, 2005).   

More specifically related to mangroves, socio-economic issues such as corrupted land tenure 

arrangements have caused many community-based mangrove projects to fail, due to conflict over 

illegally acquired land for aquaculture (Primavera, 2000).   For example, local Thai officials are loath 

to deny potential shrimp farmers permission to encroach into mangroves, as selling land titles and 

licences has become extremely profitable (Johnson and Forsyth, 2002).   Others have suggested that 

in Cambodia CFM has been blocked because it runs against the interests of powerful local people 

(Marschke and Nong, 2003). Land tenure issues (outside the scope of this thesis - for an extensive 

review see Rotich et al., 2016) and governance issues (section 3.2.1) including indigenous rights, 

customary usage and the transferability of rights, are extremely challenging, particularly in Thailand 

due to the seven levels of land ownership (Huitric et al., 2002). Furthermore, management around 

the transfer of tenure needs capacity building support to ensure new owners can make appropriate, 

well informed decisions, as tenure does not automatically lead to conservation (Roe et al., 2009).   

 

Mangrove losses (Chapter 1) suggest that management of such a diffuse but valuable ecosystem is 

difficult and perhaps beyond the resources of many governments. A form of community forest 

management (CFM), itself difficult to define, might be an appropriate form of mangrove 

management as there are advantages but also many potential pitfalls to this approach.  The output 

of terrestrial CFM research has produced some useful guidance but also highlights the importance of 

local context.   Therefore, the general applicability of terrestrial CFM principles is uncertain.  

Few reports about mangrove CFM have been published, particularly beyond single-site studies that 

have benefited from long-term facilitation and intensive inputs of expertise from outside 

organisations.  Here we investigate a sample of villages that have some form of mangrove rules to 

explore what rules they developed, how they managed harvesting of wood from the mangroves, the 

sanctions employed and whether the rules and sanctions were credible.  In addition, we compare 

these villages’ rules and village context (Agrawal, 2001 and Appendix F) to a synthesis of general 

CFM principles from terrestrial forests, as described by several researchers (Agrawal, 2001; Crona, 

2006a; Faure et al., 2019; Nurse and Kabamba, 2000; Ostrom, 1999; Pomeroy and Carlos, 1997; 

 
22 https://www.cia.gov/library/publications/the-world-factbook/geos/cb.html Accessed 6.11.2018 

https://www.cia.gov/library/publications/the-world-factbook/geos/cb.html
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Senyk, 2005; Soontornwong, 2006; Sudtongkong and Webb, 2008; Tole, 2010) to assess whether 

these principles remain relevant for community mangrove forest management.   
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3.3 METHODS 

3.3.1 Location of study sites and village selection criteria 

Although specific regional and local contexts are very important and highly variable, multiple villages 

within two countries were studied in an attempt to produce some general conclusions.  Thailand and 

the Philippines share the same Indo-Malesia bio-geo-climatic zone within the Indo-West Pacific 

(Duke, 2006; Tomlinson, 2016) and have extensive mangrove areas, on which a substantial 

proportion of the coastal inhabitants depend for their livelihoods and food (Balmford et al., 2002).  

Since 1945, both countries have experienced significant mangrove conversion to aquaculture and 

degradation for charcoal and fuelwood production among other causes (Richards and Friess, 2016).  

Table 8 lists the Thai and the Philippine villages studied in this large-scale investigation.  Villages 

were purposefully chosen because they were located either within or near to an extensive riverine 

mangrove delta or had a significant area of mangrove nearby. In all cases mangroves were 

considered an important village resource and were used in some way by a substantial part of the 

village population for either their main or secondary livelihoods.   Finally, village members had 

attempted to produce community mangrove management rules or had rules and laws already.   

Table 8. Study villages' approximate location and details. 

 

3.3.2 Semi-Structured Questionnaire Interviews 

3.3.2.1 Questionnaire Development 

The semi-structured questionnaire (SSI, Appendix H1, H2) was developed by the researcher at 

Bangor University, based on the issues featured in the literature, while cognisant of the potential 

  

Thailand 

 

 

Philippines 

Village Number 1 2 3 4 5 6 7 8 

Village Code T1A T1B T2A T2B T3A T3B P1A P1B 

Approx. Lat Long 6.8N 

99.7E 

6.8N 

99.7E 

7.8N, 

99.1E 

7.8N, 

99.1E 

8.4N, 

99.9E 

8.4N, 

99.9E 

10.8N, 

119.5E 

10.8N, 

119.5E 

Province Satun Satun Krabi Krabi Nakorn Sri 

Thammarat 

Nakorn Sri 

Thammarat 

Northern 

Palawan 

Northern 

Palawan 

Mangrove Rules 

Semi-Structured 

Interviews 

14 20 18 21 23 21 21 19 

Number of 

Rehabilitation 

Sites Assessed 

13 11 9 6 5 3 10 8 

Village Mangrove 

Area (Ha) 

407 592 319 176 3,894 257 126 856 

Approximate 

Village Population 

660 800 700 1,030 680 2,200 3,000 2,600 

Approximate 

Research Dates 

Sept – 

Nov 2013 

Dec 2013 

– Feb 

2014 

Feb – 

May 2014 

June – 

Aug 2014 

Oct 2014 – 

Feb 2015 

Feb – May 

2015 

Sept – Dec 

2015 

Jan – Apr 2016 
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problems described by Diefenbach (2009) and Kallio et al. (2016) (Chapter 2, section 2.3.3).  After 

prolonged discussions with the first translator in each country, the questionnaire was translated, and 

subsequently verbally back-translated to the researcher.  The Thai and Tagalog versions of the 

questionnaire were checked by local NGOs before being tested in the first villages in each country 

(T1A & P1A) and amends made.  

Every effort was made to avoid leading questions and encourage respondents to answer truthfully, 

rather than elicit a socially desirable answer. For example, rather than asking if they had a positive 

view of the mangrove rules, interviewees were asked if they would prefer to have the simplicity of 

no rules so they could cut what they liked.  And rather than asking if the respondent cut mangrove 

wood (illegally), interviewees were asked if others in their village cut mangrove.  Abstract questions 

were avoided as often they proved unproductive. Some open-ended questions were asked in two 

stages, for a spontaneous response, followed later by a prompted response.  For example, when 

exploring perceived threats to their mangroves the respondents were first asked for a spontaneous 

answer.  Interviewees were then given a stack of cards with possible threats written on them such as 

‘encroachment’, ‘sea level rise’ or ‘over-harvesting / cutting’ in the local language and asked to rank 

them in order of likelihood that they would occur (not severity) and then discuss any key issues 

around their choices, Fig 22. 
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Figure 22. A respondent discusses the threats listed on the cards in front of her before ranking them into order of highest to 
lowest likelihood that that threat might occur. (The bundles are cigarette papers made from dried Nypa palm leaves – a 
common livelihood in that region.) 

3.3.2.2 Purposive Sampling Strategy 

The sampling population was any adult villager from the study village who used the mangroves in 

some form. This included extracting wood for repairing a house or for cooking. This also included 

village artisanal fishermen who fished within the mangroves and nearshore (as they often cut 

mangroves to use as fish aggregating devices) as they also had a direct stake in the health of their 

mangroves. These selection criteria were confirmed in an informal discussion before an interview.  

Village leaders had lists of all households registered in their village that could have formed a 

potential sampling frame.   However, choosing random people / households from this list was 

deemed unworkable due to its inaccuracy as not all households were registered23, particularly 

houses of children who had built new dwellings next to their parents’ house, which were not 

necessarily registered.  Furthermore, only a portion of the village used the mangrove or fished 

within or near it.  Some households were absent from the village for long periods.  Others worked 

irregular work hours, particularly rubber tappers, and few were used to keeping appointments. 

There were lists of people who had attended various CFM rules development meetings, but these 

 
23   In Thailand, if a new family wanted to build a new house and have it registered, they had to have the initial 
documentation signed by the village leader. This document would then be taken to the District Office to start the process.  
Not all villagers were on positive terms with their village leaders, therefore not all households were registered. 
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were inconsistent and incomplete.  Therefore, purposive sampling was used to contact residents in 

their homes from all parts of each village, particularly the village edges, the less well-off and minority 

groups, to attain as representative sample of villagers as possible.  Most respondents were from the 

general populace.  We ensured that we interviewed at least three or four conservation group (CG) 

members per village as they were more likely to have taken part in the rules development process, 

and others the CG recommend.  We also interviewed every village leader and conservation group 

leader.  (In the Philippines villages formed mangrove planting ‘co-operatives’ rather than 

conservation groups but performed similar roles.  For ease of reading, both groups will be referred 

to as conservation groups.)  Initial conversations with potential interviewees were used to check that 

they lived in the village.   

3.3.2.3 Ethics, Data Collection and Storage Protocol 

During initial visits, a courtesy meeting with each village head was arranged to explain the purposed 

of the research, the activities, and to gain consent. Subsequently, during an initial contact with a 

potential respondent, they were asked if they were a resident of the village and whether they used 

or fished in or around the mangroves.  If they confirmed both questions and were free to talk, an 

ethics statement was read to them, with any unfamiliar terminology explained, and a copy provided 

in the local language (Appendix C).  Great care was taken to ensure full comprehension of the ethics 

statement and gain informed consent, occasionally resulting in a return at a later date to complete 

the interview, due to the length of time this process took.   After oral consent was received, all 

interviews were carried out either in Thai or Tagalog and translated immediately into English via a 

translator. This method allowed for additional questions for clarification and immediate resolution 

of inconsistencies.  If other people joined the interview, they too were given a written ethics 

statement.  If the conversation was of a controversial nature the interview was stopped to explain 

the ethics statement to the newcomer(s).  An ethics checklist, as required by Bangor University, was 

completed prior to the field work and indicated that the research did not require further review. 

In general, interviews lasted no more than an hour.  Written notes were taken rather than 

recordings, together with photographs when permitted. Data was collected anonymously. Additional 

notes were transcribed, and together with the photographs, were stored on an encrypted external 

hard-drive.  Some interview details were discussed later that day to ensure full understanding.  

Written notes were kept either with the researcher or locked in a secure case, at all times.  No 

payment was provided to respondents.  Instead the researcher made a donation to the village 

mosque or school, and with the translator, gave a morning’s mangrove ecology lesson in the local 

school. Three villages were Muslim, and as the researcher was a European male, interviews normally 

were conducted outside participants’ residences, in view of the neighbouring villagers, to avoid any 
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possible perceived impropriety.  All interviews were administered by the author, assisted by a 

translator and conducted in the local language. 

3.3.3 Villager Interviews Supplemented by Key Informant Interviews 

During scoping discussions and interviews with villagers, residents were asked to identify 

government officers, outside groups or individuals who had some involvement in the origination or 

running of the mangrove management rules, or other elements of village life that might impact on 

CFM. This ‘snowballing’ technique was used to find key informant interviewees who were not 

obvious targets.  These key informant interviews supplemented and cross-checked the data 

provided by individual SSIs. Beyond the government mangrove agency field officers, this included 

district or sub-district24 staff, environment officers, local school directors, activity group leaders 

within the villages and local NGOs. Mangrove agency staff were interviewed several times during the 

research period in each village, providing village mangrove boundary maps, explaining mangrove 

features and history, and providing triangulation of information from village sources.  Key informant 

interviews were useful in explaining the context of the rules development process.   

Semi-structured and key informant interviews were supplemented by ongoing informal discussions 

during village homestays, immersion within village life over a period of three-four months per 

village, and by joining village events as they occurred during the research, as per (Le Fur et al., 2011).  

3.3.4 Research Method Limitations 

Appropriate translator choice was very important, as Le Fur et al. (2011) observed.   Although great 

care was taken over the choice of translator and subsequent training, it was not possible to engage 

the same assistant for all villages in either country due to logistical constraints and the length of time 

of the fieldwork.  Issues concerning the influence of translators and the affect the researcher might 

have had on the research process are discussed in a Reflexivity Statement (Appendix I). 

Value statement interpretation was sometimes challenging (Zorini et al., 2004) as the translators 

were not from the communities studied and these statements were therefore discussed in detail 

after interviews.  Furthermore, some terminology was difficult to translate. Although there are 

direct translations for English words like ‘sustainable’ and ‘objectives’, the local equivalent often 

meant little to interviewees. Therefore some questions had to be built up over several sentences to 

ensure full understanding of the questions.  Questioning that required abstract or creative thought 

 
24   In Thailand, District offices dealt with people, schools and development, whereas the Sub-District offices looked after 

infrastructure, solid waste management and pollution control. 
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from villagers, such as asking villagers to suggest new or better mangrove rules, proved challenging 

and were generally avoided.  

Most of the interviews were conducted on a veranda in front of a respondent’s house, in public view 

while the respondents were carrying out a livelihood activity.   As found by Dahdouh-Guebas et al. 

(2000) when conducting interviews, curious neighbours, family members and passers-by would join 

the meeting and leave as they wished.  Asking these people not to join an interview was deemed 

inappropriate and was not attempted.  This reduced the ability to target a specific age range, 

gender, perceived wealth group or occupation group.   Very occasionally, people joining an interview 

hindered free-flowing conversation but much more frequently the presence of additional 

respondents led to a more productive discussion where local people would challenge each other, 

contrary to Sudtongkong and Webb's (2008) experience.   For example, on more than one occasion, 

when discussing cutting of mangrove timber, which was illegal, members of a group would tease one 

of their own for cutting - information which might not have been forthcoming in a one-to-one 

interview.  Furthermore, it appeared that the interjection of potentially controversial issues or 

questions by the researcher would ‘permit’ the local people to discuss topics they would otherwise 

not raise.  Where at all possible, the main respondent was asked to summarise a group discussion 

and form a consensus with which they agreed.  

Despite frequent village meetings in most communities and much informal conversation, knowledge 

of events within a village was highly variable.  For example, in village T3A, a former village leader was 

jailed for two years for cutting mangrove wood for sale.  However, the villagers’ familiarity with this 

application of the law by the government mangrove agency local field office and the courts was 

inconsistent. In addition some of the answers about the forest management rules were affected by 

the stage at which a respondent joined the rules development process, and how many meetings 

they had attended. This slightly affected their understanding of the process and their perception of 

it.  
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3.4 ANALYSIS 

Answers to the semi-structured interviews and any additional information were written on pre-

printed sheets (Appendix H).   Answers were coded, clustered post hoc and analysed on SPSS v.25 

(IBM).  Differences between countries, villages or leaders / general village populace were tested for 

statistical significance and highlighted where appropriate. Additional information not directly 

captured within a SPSS variable was transcribed and aggregated on nVivo v.11 (QSR). 

3.4.1 Statistical Tests 

The difference between respondents describing other villagers following the mangrove rules in 

Thailand as opposed to the Philippines was tested with a Fisher’s Exact Chi Square test. The null 

hypothesis was that there was no statistical difference between the countries.  

Establishing whether village leaders were significantly more aware of their village’s (internal) 

mangrove zones than the general village populace was assessed by a Fisher’s Exact Chi Squared test. 

The null hypothesis was that leaders were no more aware of the mangrove zones than the general 

populace within their village. 

Whether the leaders gave significantly different suggestions for how their rules might be changed, 

compared to the general village populace, was assessed using a Fisher’s Exact Chi Squared test. The 

null hypothesis was that responses from the village general populace were not statistically different 

to the leaders’ responses.  

To test if leaders were more likely to believe that they would be punished if caught cutting illegally 

compared to the general village populace, a Fisher’s Exact Chi Squared test was used. The null 

hypothesis was that there was no significant different between the two groups.  
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3.5 RESULTS 

3.5.1 Respondent Profiles 

The study of community mangrove rules included semi-structured interviews with 157 people 

between the ages of 21 – 81. The interviewees were 21% female and 79% male but these interviews 

sometimes expanded into group discussions (section 3.3.4).  Fourteen to 23 interviews were 

conducted per village, averaging approximately 20 per village.  Meaningful differences between 

either village, country or leader / general village populace are highlighted when they occur.  Fig 23 

describes the frequency of main occupations, which varied by village. 

 

Figure 23. Main occupations by village. Most respondents had more than one job, depending on season or opportunity. 
Collection of crabs and clams was a popular second or third occupation because the timing was more flexible than 
labouring. Rubber tapping was impossible during the rainy season as the latex collection cups filled with rain water, diluting 
the latex. 

Seventy-four percent of responders had more than one occupation or income stream.  Interviewees’ 

secondary occupations included crab and clam collection, fishing, working as a labourer, running 

their own small business or farming, which again varied by village.    Religion tended to divide by 

village (Appendix F). In total, 36% were Muslim, 38% Buddhist and 25% Christian. The general 

populace made up 75% of respondents, 12% were conservation group leaders and village heads, and 

the remainder were conservation group members and other leaders.  
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3.5.2 Summary of the Mangrove Management Rules by Village 

Table 9. Summary of the village mangrove management rules as understood by the villagers, either from the community 
rules or national law 

 Thai Villages 
Philippine 

Villages 

 T1A T1B T2A T2B T3A T3B P1A P1B 

Villagers believed cutting for HH use 
informally permitted by village leader?  † 

Y Y <50pa 
10-50 

pa 
<20-
50 pa 

Y Mixed Y 

Need verbal explicit permission to cut 
from village leadership? 

Y  Mixed Y Y N N N N 

Need permission from ‘social’ (i.e. 
nearby) perceived owner? 

N N N N N N Y Y 

Cutting for sale allowed? N N N N N N N N 

Cutting for charcoal allowed? N N N N N N N N 

Told where in the village mangrove to cut 
for HH cutting? 

N N Mixed N N N NA N 

Allowed to cut outside village boundary? N N N N N Mixed N N 

Have to spread cutting? N N N N Y Y N N 

Diameter restriction? 
N N N 

<8-
10cm 

N N N N 

Cutting in new plantation allowed? N N N N N N N N 

Village has rules to preserve mangrove 
edges 

N Y Y N N N N N 

Village has mangrove zoning (with 
different rules)? 

Y Mixed Y N N N N N 

Rules to plant while cutting? E.g. cut 1, 
plant 5? 

Y Y N Mixed Y Y N N 

Expected to join next planting session if 
cutting for HH use? 

Mixed Y Y Y N N N N 

Village inside a National Park / Protected 
Area? 

N N N N Y Part Y Y 

Rules acknowledged by govt.? Y N Y N N N Y N 

Y Yes. N No. DK Did not Know.   HH household.    PA Per Annum 
† There was tremendous confusion about whether household cutting was permitted, within all groups. Village leaders 
knew they did not have the right to give permission. The government agencies and leaders knew villagers would cut, at 
least for household repairs, regardless of the rules. 

 

To provide an example of a specific set of village rules, beyond the summary in Table 9, village T2A’s 

mangrove rules as have translated and summarised in Appendix J.  
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3.5.3 Awareness of Mangrove Rules Was High and Attitudes Positive Despite Restricting 

Cutting 

Awareness of the existence of mangrove management rules (i.e. restrictions on cutting and 

extraction) was near universal.   Only two respondents were not able to mention at least one or two 

village rules (e.g. no cutting) but only half were able to recall more than two or three basic rules, Fig 

24.   

 

Figure 24. Awareness of mangrove rules was near universal, inside and outside their village. Attitudes towards the rules 
were also positive as whether they cared about the mangroves or not, villagers appreciated that they were necessary and in 
general most Thais followed them (Philippines less so). 

The majority of respondents (85%) were positively disposed to having rules to manage their 

mangroves.    The greater proportion of negative attitude holders were found in Thailand (15% of 

Thai respondents), and those with a neutral attitude tended to be in the Philippines (10% of 

Philippine respondents).    The most commonly cited reason for a positive attitude towards the rules 

was the avoidance of severe degradation by open access cutting (42%), often spontaneously 

mentioned, followed by the need to protect the mangroves because of the perceived link between 

the presence of mangroves and marine creature productivity (18%).  In contrast, a small group were 

of the opinion that either the rules were unnecessary (5%) or that livelihoods should be prioritised 

over mangrove conservation (i.e. livelihoods focused on mangrove wood extraction for charcoal 

making, 4%).   Of the respondents holding a negative attitude towards the rules (n=19), 74% lived in 

two villages (T3A, T3B) which either had, or had access to, a vast area of mangroves.     
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In addition to feeling positive about their mangrove rules, two-thirds of interviewees believed that 

other villagers thought the rules were necessary (15% mixed opinions, 13% stating that other 

villagers believed the rules to be unnecessary), Fig 25.  

 

Figure 25. The majority of villagers believed that the rules were necessary. Villagers from T3A and T3B were less enthused 
by having rules and cutting restrictions because of the huge area of mangrove near them – a seemingly endless resource. 
T3B was an outlier because it had a huge area of mangrove nearby that belonged to another village, therefore extracting 
from this extensive forest did not diminish their own resources.   
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Furthermore, 71% of all respondents claimed that overall, other villagers followed the village 

mangrove rules (78% in Thailand but only 50% in the Philippines, a significant difference, X2=16.23, 

p=0.001).  The village leaders replied in a similar fashion to the general village populace to all these 

questions, Fig.26. 

 

Figure 26. Generally, others were believed to follow the mangrove rules. Village T2A had a particularly fearsome 
conservation group leader and good village leadership in general. In village T1B villagers were aware that some were 
cutting for sale, including conservation group members, and that the leader never punished illegal cutting. Villagers in P1B 
were aware that a few members were making charcoal in the mangrove. 

 

If respondents wanted to check their mangrove rules, government mangrove agency field office staff 

(33%), their village leader (31%) or conservation group committee (19%) were the key sources of 

information, although many mentioned that no cutting was something they had heard since 

childhood.  Leaders were more inclined to seek advice from the conservation group than villagers.   

Villagers were also confident that their rules and cutting restrictions were known by residents of 

neighbouring villages (86%, Fig 24).    

Village rules varied if the community had zoned their mangroves, which three had done (all in 

Thailand).   As mangrove zonation was normally designed by the village conservation group, the 

village leaders were significantly more aware of the zones than the general populace if their village 

had them (X2=18.32, p<0.001).  However, all three zonation arrangements were characterised by 

misunderstanding about their nature and location.  A quarter of respondents within these three 

villages (n=53) were not aware of the mangrove zoning at all and another 34% had only a partial 
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understanding of the zoning.  Only the remaining 41% could give a reasonable description of the 

zone types and locations.   

3.5.4 The Main Threat to Mangroves was Unsustainable Harvesting  

Although many felt there was no threat to their mangroves (45%), spontaneously mentioned 

concerns were dominated by unsustainable harvesting of mangrove wood (32%), particularly in the 

Philippines.  Unsustainable harvesting was seen as a bigger issue in the Philippines (n=24) than in 

Thailand, Fig 27.  Otherwise the issues varied by village. For example, in villages T3A and T3B local 

changes in hydrology due to a water barrier damming the estuary were understood to be adversely 

affecting the mangroves. 

 

Figure 27. Perceived threats to mangroves (spontaneously mentioned). Almost half felt there were no significant threats. 
Unsustainable cutting concerned 32%, particularly in the Philippines, which did not have large areas of mangrove relative to 
the size of village, and T2B where a small number of professional cutters were using chainsaws (rare in Thailand) in their 
mangrove and neighbouring villages’ mangrove, and selling the wood (Appendix F for more detail). Minor threats have 
been omitted for clarity. 
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Respondents were then prompted by several hypothetical threats written on cards (Fig. 22) that 

might affect their mangroves, such as over-harvesting, pollution, encroachment and so on.    

Ranking these threats by likelihood, unsustainable harvesting of mangroves was confirmed as the 

primary concern (44% of all respondents and particularly in the Philippines), 29% stating there was 

still no threat, Fig 28.   In addition, 13% of villagers were concerned about changes in local hydrology 

negatively affecting their mangroves (all from villages T3A and T3B) and 7% feared encroachment 

into their mangrove for oil palm or aquaculture. Village leaders of all types had similar concerns to 

the general populace. Again perceived threats varied by village and situation.  

 

Figure 28. Threats to their mangroves after prompting with suggestion cards (minor threats have been omitted for clarity). 
Unsustainable harvesting was still the key threat. The mangroves around villages T3A and T3B were suffering from changes 
in hydrology due to a dam across the river that fed into this river delta, installed to protect upstream agricultural lands. At 
certain times of year the dam was closed, greatly reducing the flow of water. This was causing siltation within the 
mangrove channels and these areas were dying off. Village T2B suffered from encroachment by local officials (Appendix F 
for details). 

 

In light of the threats mentioned, the rules were still perceived as appropriate, (59%: no addition or 

amendments necessary).  In addition, others stated that because there was no or limited threat to 

their mangroves, whether the rules were appropriate or not was not applicable or relevant to them 

(34%).    Of the respondents who (prompted, n=69) were concerned specifically about over-

harvesting, 80% stated the rules were appropriate for this threat. Only a minority of respondents 

(8%) felt the rules themselves needed to be improved. This group contained significantly more of the 

leaders (18%, n=39) than from the general populace (4%, n=118).   Spontaneous recognition of a 
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threat to their mangroves did not alter their positive attitude to the rules. For example, when 

prompted, those concerned about the threat of over-harvesting (n=51), changes in hydrology (n=8) 

or encroachment (n=12), were as positive about the rules as those who felt there were no threats to 

their mangroves (n=71).    

To examine in more detail whether their mangrove management rules needed to be improved, 

interviewees were asked how they might amend them.  More than half of all respondents (54%) 

could not make additional suggestions or felt the rules needed no change.  Respondents who were 

able to suggest rule changes said that the informally permitted limited cutting for household use 

only should be legalised for their own protection (15%), and a similar number were happy with the 

rules but wanted a stricter application of the village sanctions (15%).  Counter-intuitively, responses 

from leaders were not statistically different from the general village populace (X2=16.28, p=0.152). 
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3.5.5 An Effective Application of the Sanctions in a Village Bolstered Rules Credibility 

Most villagers were aware that there were various forms of punishment for illegal cutting of 

mangrove - 51% were able to summarise these sanctions fully, another 42% of respondents were 

partially aware of the punishments, Fig. 29.  Only about half of interviewees knew these sanctions 

were graduated (52%, while 39% were not aware).   

 

Figure 29. Sanctions - credibility and awareness. Villagers were fully aware that there were punishments for breaking the 
mangrove rules, but were less sure of the details, their graduated nature or previous application. Belief in being punished 
seemed to reflect if the village had witnessed other miscreants being punished beforehand.  

These sanctions had limited credibility as less than half of all respondents (46%) stated that if they 

themselves were caught cutting mangroves illegally they would be punished.  Others believed they 

would not be punished (35%) or that it would depend on the situation (15%).  This result is broken 

down by village in Fig. 30.  Whether the interviewee was in a leadership role or not within their 

community made no statistical difference to this overall opinion (X2=1.89, p=0.79).  Similarly, those 

with a better understanding of the rules and sanctions were no more likely to believe they would be 

punished than villagers with only a partial grasp of the rules.  
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Figure 30. Believing they would be punished varied by village and was greatly affected by the level of (correct) awareness of 
a previous punishment in their village. Villagers in T1B were sure that they would not be punished as most were aware that 
a professional cutter was living in the centre of the village, who stored cut stems in sight of the road in front of his house 
and because he was related to the leader, was never punished.  In the Philippines, in addition to no previous punishment 
examples in either village, the government mangrove agency CENRO field offices were also responsible for terrestrial forest 
and as such were overstretched. 

 

Whether sanctions had ever been applied in the villager’s own community was difficult to interpret, 

as results appeared to be more a question of awareness of a perpetrator’s punishment rather than 

whether sanctions had actually been applied. For example, in village T3A, 87% (n=23) of respondents 

were aware (correctly) than one of their own had been jailed for cutting mangrove. But in T2A 

(n=18), by two to one, villagers believed no one had been punished despite a previously 

apprehended cutter having to do a week’s community service in the village, refurbishing the village 

mosque.   Awareness was important because those villagers who were aware that sanctions had 

been applied in the past (n=70) were three times more likely to believe that the sanctions were 

effective.  Villagers who were unaware of the application sanctions (n=79) had a limited belief in 

their effectiveness.  

3.5.6 The Issue was Enforcement and a Lack of Patrolling, not the Rules 

The second core component of sanctions was the question of patrolling and enforcement.  The 

results varied by village, suggesting that the issues were village and government agency-specific in 

nature. Most villagers (80%) believed that the government patrolled their mangroves but only a 
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quarter thought that villagers actively patrolled.  As interviewees were aware that government 

patrols were very infrequent, their value was tempered, and this lack of patrolling was the key issue 

for 21% of respondents.  Others stated that the biggest problem was limited enforcement of 

mangroves rules (30% of respondents), and appropriate sanctions if either a miscreant was caught 

cutting illegally or if the village leadership and mangrove agency received a report about illegal 

cutting.   An additional 12% believed that both the lack of patrolling and the lack of application of 

the sanctions were the problem.   This was particularly keenly felt if the mangrove cutters were 

connected to the village leadership.  Leaders were slightly more confident that patrolling was taking 

place but were also more aware of the lack of enforcement, relative to villagers from the general 

populace. Villagers’ perceptions of these failures to apply the rules and sanctions were not related to 

whether the rules should be stricter and harsher.   
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3.5.7 Reporting Mangrove Cutters 

Just over half of all respondents claimed that they would report people from outside the village if 

they found them cutting in their village’s mangrove, 29% would not report them and a further 12% 

would talk with them directly to try to encourage them not to cut, Fig. 31.    

 

Figure 31. ‘Would you report someone not from your village, cutting your village mangroves?’ T3A and T3B were low partly 
because they had such a large area of mangrove that it was believed to be an almost limitless resource.  
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If the illegal cutters came from their own village, only 20% were prepared to report them, with 

another 18% claiming that they would talk with them directly. The majority (54%) would let them 

cut, Fig. 32.   

 

 

Figure 32. 'Would you report someone cutting mangrove illegally from your own village?'  Again, T3A and T3B would let 
people cut due to size of the available resource.  Villager hesitance about reporting is partly related to the fact that the 
interviewee might be related to the cutter. It is impressive that so many people would be prepared to go and talk with 
miscreants as the people encountered might be unknow, violent, armed, well connected to powerful people or affected by 
drugs. 
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The claimed willingness to talk with or report fellow villagers was answered differently by village 

leaders compared to villagers from the general populace.  Reflecting the difficulty of restraining and 

punishing illegal cutting of mangrove by people in the same village and therefore possibly the same 

family, it was noteworthy that leaders (n=39) were more willing to report them (36%) and less likely 

to let them cut (26%) than the general populace, or at least talk with cutters (23%) Fig. 33. 

 

Figure 33. Reporting illegal cutting within own village, by role. The general populace was much more likely than not to let 
people from their own village cut without reporting them or talking with them.  

This partial propensity for reporting cutters was possibly an overstatement as only a few villagers 

from the general populace (10%) claimed that they had actually reported a fellow villager, and even 

fewer had reported an outsider (6%).    Furthermore, when questioned about the numbers of people 

reported to them, village heads claimed to have received very few direct reports of cutting or illegal 

activity.   

Cutting mangroves was a risky pastime. For example, a convicted cutter from village T3A spent two 

years in jail, received a significant fine and had a boat and equipment confiscated.  The perceived 

motivation for taking these risks included the fact that selling the mangrove wood earned very good 

money relative to other livelihoods (40%).  Others believed that the cutters were poor (32%), or that 

cutting occurred because their village was remote with few alternative earning opportunities (14%).  

Villagers were certain that all illegal mangrove cutters knew that their activity was illegal and were 

aware of the basics of the village mangrove management rules.  Despite this cutting, a majority 

believed that in 10 years time there would be more trees (58%), a quarter thought there would be 

fewer trees (24%) and 18% thought there would be about the same number, with villagers and 

leaders answering in a similar manner.  
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3.6 DISCUSSION 

3.6.1 Interpreting the Semi-Structured Interview Results 

3.6.1.1 Awareness and Attitudes 

Many in the Philippines claimed to know cutting was banned even from their youth. In both 

countries villagers were keenly aware of the problems caused by the charcoal concessions that ran 

up to the 1990s.   In addition, some described the abuse of the mangrove concession regulations, 

where even though concession areas for felling were mapped and defined, mangroves were cut 

wherever it was easy to handle the trees, particularly near channels.  Concession contracts 

mandated replanting regimes, but this was described by the Thai DMCR as haphazard at best.  The 

charcoal concessions demonstrated to villagers that even large areas (i.e. square kilometres) of 

mangrove such as those found near T3A and T3B could be converted or lost over just a few years, 

with the resulting significant reduction of marine productivity, as well as erosion of soils, hotter and 

drier weather and the lack of resources for house building and cooking. 

After the concessions, the de facto open access nature of the mangroves meant that even if the 

indigenous peoples within the villages in the Philippines had an effective form of traditional resource 

management, similar to that described by Nurse and Kabamba (2000), without rules or laws to 

prohibit cutting, their mangroves would be vulnerable to ‘outside businessmen25’ paying for wood 

harvesting, or encroachment for aquaculture and oil palm.   

More recently, villagers in Thailand understood that cutting too much for claimed household use (i.e. 

>100 stems, although the assumed figure varied from 30-200, Table 9), cutting mangrove wood for 

sale, for charcoal production, fuelwood or cutting within a (recent) DMCR plantation remained illegal 

and in theory was punishable.    In addition, most villagers understood that they could only cut 

within their village’s mangrove and some were supposed to plant a number of propagules for each 

stem cut while in the mangrove (Table 9).  The leaders of some villages (e.g. T1A, T1B, T2A) had 

asked villagers to request permission to cut in advance, but this process was not working well and 

there was confusion about this requirement. 

The nature of the verbal agreement (actual in Thailand, assumed by many in the Philippines) that 

allowed limited cutting for household use left villagers in a legal limbo. Most villagers understood 

that neither the government agency nor their village head could give formal permission to cut.  This 

 
25 The phrase ‘outside businessmen’ was used a lot in both countries. It was a way of avoiding apportioning 
blame within the village as these outside investors always had people within the village working for them or 
corrupt leaders handing out land and permissions to them. 
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was complicated further if the village was located within a National Park or a Protected Area / Non-

Hunting Area, as in theory the national ban on mangrove cutting was supposed to be even more 

strictly enforced. (In practice, the Thai DMCR managed mangroves on the DNP’s behalf within park 

boundaries, and the CENRO was often part of a Protected Area management team in the 

Philippines.) Villagers who were harvesting wood for household use were encouraged to avoid 

government patrols and spread their cutting. Village heads would normally intervene if a villager was 

caught cutting, but only if the leader believed that the wood extracted was genuinely for household 

use (or the cutter was a relative). The outcome of this intervention was unpredictable.  

In the Philippines, the village heads were aware that they did not have the authority to permit 

villagers to cut mangrove, for any reason, or an informal verbal agreement with the CENRO.  In place 

of community mangrove rules there was a national ban on cutting, supplemented by expected 

normative behaviour and conventions.  Furthermore, there was less CFM experimentation, and the 

mangrove agency’s management was more passive and reactive than Thailand’s DMCR field offices. 

At the time of research, only one of the two villages was starting to discuss among the leaders 

possible community ‘mangrove ordinance’ (i.e. rules) for limited usage and sanctions.  Despite the 

widely acknowledged law banning cutting and because the leaders were sympathetic to the poverty 

of several village members, village heads had been turning a blind eye to cutting ‘for household use’ 

(unquantified but more broadly defined than in Thailand, including for building houses and other 

structures, but not for charcoal manufacture or sale) up until approximately 2015.  At this point the 

leaders had been forced to stop villagers cutting altogether, due to pressure from the local CENRO 

office, partly because like Thailand this limit was being abused.  Therefore, after 2015 the Philippine 

village leaders discouraged cutting and would not assist villagers who had been caught cutting 

mangroves.  

In spite of this ban, many Philippine villagers assumed cutting for household use was permitted, as 

so many of their dwellings and outhouses were clearly made of mangrove wood without 

repercussions from the village leadership or government mangrove agency staff.    Others believed 

that their village leader had negotiated an informal agreement with the government mangrove 

agency local field office that allowed cutting for household use as long as cutting was within their 

village boundary.   There was widespread confusion among residents about what ‘household use’ 

entailed (home building or only repair or building outhouses or cooking) and the number of 

unofficially permissible stems, varying from 50-200.  Many claimed that cutting should avoid the 

front, more vulnerable mangrove zones, and take place within mid or back mangrove areas (i.e. 

Ceriops sp. / Bruguiera sp. zones), behind the perceived ‘productive’ mangrove area (i.e. the 

Rhizophora sp. zone) (interviewees P1B#04).  The belief about Rhizophora’s superior productivity 
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arose from being able to see fish, crabs and shrimps only within the roots of this genus (interviewee 

P1B#04).  There was also confusion over whether mangrove cutters needed to ask the village head 

for permission, or the head and government staff, or only the nearby resident ‘social owner’ of the 

mangroves to “show some respect” (interviewee P1B#34).  Others believed (incorrectly) that if a 

villager had planted mangroves, the villager owned them and could utilise them as a crop.  

Regardless of this confusion, all villagers understood that cutting mangrove wood for sale or for 

charcoal was illegal.  

Finally, it should be noted that although villagers understood many of the ecological values of 

mangroves, assumed there was a positive link between mangrove (health) and marine productivity 

(Appendix A and Igulu et al., 2014) and were conscious of the rules or laws protecting mangroves, a 

substantial minority of villagers in both countries expressed the desire to earn significant money 

very rapidly, as they did in the late 1990s, by converting much or all of their mangroves to charcoal, 

regardless of the environmental consequences.   

3.6.1.2 Were Other Villagers Following the Rules Cutting Mangroves? 

Did other villagers follow the rules?   Villagers believed that most people were indeed following the 

rules, including limiting cutting to household repair levels only, and therefore not significantly 

affecting the forests (Chapter 4), but the situation was more nuanced.   A sub-set of mangrove 

cutters, only in Thailand, were using the informally permitted household quota as a cover to cut this 

amount a repeated number of times, claiming it was for various different households. This abuse of 

the informally permitted extraction quota was described in detail by the conservation group leader 

of village T2A, but occurred across all Thai villages, similar to the problems portrayed in Kenya by 

Dahdouh-Guebas et al. (2000). However, this form of over-harvesting was not continuous, but in 

response to sporadic opportunities to sell the wood to fellow villagers or to external markets.   A 

different and smaller sub-set of only 2-4 residents per village were full-time professional mangrove 

cutters, affected by village-specific factors.  These factors included the strictness of the village 

leader, the presence of local markets willing to buy mangrove wood, the supportiveness or 

otherwise of nearby government agencies to support enforcement, the presence of appropriate 

mangrove products for the local demand and the relationship between the professional cutter and 

local people in authority.   For professional cutters, in the Philippines mangrove felling was used to 

produce charcoal in the mangrove. In Thailand cutting was driven by orders received for 

construction timber (e.g. village T1B), or as payment for drugs (village T2B) or for constructing fish 

net lifts (village T3B, for illustrations, Appendix F T3B photo sheets.)  
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3.6.1.3 Threats to Mangroves 

Even if controlling cutting by villagers within their own boundaries was challenging, in both 

countries, the mangrove agency field offices had managed to stop most large-scale encroachment by 

outsiders.   In line with trends in the published literature (e.g. Richards and Friess, 2016), 

respondents in both countries believed that large-scale mangrove cutting or encroachment to 

produce new aquaculture ponds, for example, was unlikely as government agencies were expected 

to intervene more than before. However, the threat of small-scale cutting remained, at various 

intensities in every village, by villagers and residents of neighbouring villages. For example, charcoal 

production was still taking place in one Philippine village as the village leader and government field 

office director claimed to be sympathetic to the plight of the village poor, particularly during the El 

Nino event of 2015-2016 (L’Heureux et al., 2017) concurrent with this research, which had made 

other livelihoods more difficult. Conveniently, this sympathy avoided the need for conflict with the 

charcoal producers.  

The effects of small scale, informal selective cutting by local communities on the mangroves is poorly 

understood (Walters et al., 2008).    Small-scale cutting changes micro-climates, the amount of sun 

reaching the mangrove forest floor, canopy closure, the amount of deadwood from collateral 

damage, canopy height and regeneration ability.  Walters et al. (2008) suggested that by clear-felling 

areas, local people were encouraging more tree species that could exploit larger sunnier openings, 

such as Bruguiera sp.  Smaller openings produced by local mangrove cutting may favour coppicing of 

species that maintain meristematic buds (e.g. Sonneratia sp., Avicennia sp., Laguncularia sp. and 

Xylocarpus sp., but not Rhizophora sp. or Ceriops sp. as they have no reserve meristem, Saenger, 

2002; Walters, 2005a), however, this silvicultural technique was never consciously employed.  

Furthermore, most cutting in Thailand and the Philippines appeared to be spread throughout a 

forest, rather than producing small clearings.   

Full-time mangrove harvesters had to balance several factors when deciding where to harvest wood.  

As their activity was illegal, travelling further increased their chances of being caught (Walters, 

2005a).  When deciding where to cut, professional cutters would consider ease of access and the 

considerable difficulty of handing heavy material within a mangrove environment, particularly 

through soft mud and interlocking Rhizophora sp. prop roots (Walters, 2005b, 2000).   Therefore in 

Thailand areas of mangrove accessible by a small creak were favoured as this allowed boat access to 

reduce transport effort and also provided screening from government patrols and other villagers. In 

the Philippines this was less of a consideration due to the width of their traditional boats with their 

bilateral outriggers (Appendix F) making small creaks inaccessible.   As a result, in the Philippines, 

wood was converted into charcoal within the mangrove in a makeshift kiln (pers. obs.) as well as 
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extracted from the front of a mangrove onto a boat or dragged out of the back by water buffalo. 

Mangrove cutters might travel significant distances to known locations for required resources of 

specific diameter and species.  Researchers have suggested that the size of material generally cut 

was 4-15cm diameter at breast height (DBH) (Alongi and de Carvalho, 2008; Dahdouh-Guebas et al., 

2000; Walters, 2005a, 2005b) for building material and general uses, unless a site was being clear-

felled.  In this study, although the DBH of cut material was not systematically measured, occasional 

measurements of cut stems and harvested material found during the study were consistent with 

these dimensions.   Charcoal production for sale favoured larger diameter trees (Dahdouh-Guebas et 

al., 2000), as experienced in village P1A where trees of 15-25cm DBH were used.  And in village T3B 

20m tall, >20cm DBH Rhizophora sp. trees growing on the edge of a channel were felled by hand 

directly into the water for static fishnet-lifts posts, (pers. obs., Appendix F village T3B).   

Arguably a more serious threat was lack of control and effective monitoring of the mangrove wood 

extraction, which by its illegal nature was conducted in a covert manner, and its cumulative effect.  

No group attempted to quantify the extraction rate, species taken or diameter-specific nature of the 

extraction.  As a result, the effects on the quality of the mangrove, biodiversity, sustainability and 

the mangroves’ continued ability to deliver the full suite of ecosystem services was uncertain. 

Otherwise threats to the mangroves were generally village-specific. For example, the installation of 

flood control mechanisms upstream in the watershed feeding in the bay around villages T3A and T3B 

greatly affected the hydrology of the mangroves. The reduction in water flow speed at key times of 

the year was causing sedimentation within the mangrove channels resulting in large areas of 

permanently impounded water and tree die-off (Osbeck et al., 2010; Prabnarong and Kaewrat, 

2006).   

3.6.1.4 Patrolling, Enforcement & Sanctions 

The majority of respondents felt the rules were appropriate for the likely threats to their mangroves. 

Villagers’ concerns focused more on the lack of patrolling and / or enforcement of the rules and 

sanctions. The lack of government patrolling appeared to relate largely to a lack of resources within 

the government agencies. If patrols took place at all they were so rare as to have only limited 

deterrent value.  In Thailand the agency’s patrol boat outboard engines sounded very different to 

the villagers’ ‘longtail’ engines, which are modified rice tractor engines, thereby giving miscreants 

advanced warning of a patrol. Villagers also received text message warnings from other fishermen 

and fellow villagers if they saw the mangrove agency or Fisheries Department patrolling.  As much a 

trust-building and team-building exercise as an attempt to catch mangrove cutters, the Thai 

mangrove agency field offices also used to patrol with village conservation groups. A couple of field 
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office directors mentioned that in reality they did not want to catch villagers as this would cause 

conflict and work counter to the positive relationships they were trying to develop with each village. 

Instead they hoped that the villages would police themselves.   

Only village T2A took advantage of the proximity of the village to the mangrove forests and its 

fishermen boating through the mangroves to institutionalise passive patrolling. This village had 

managed to source radios that used the mobile phone network to communicate with the leadership 

if they saw someone cutting mangrove in their forest. They also used these radios for health and 

safety issues such as traffic accidents, sadly very common in Thailand (Appendix F). As Fig. 27 and 

Fig. 28 show, this village had the highest scores of ‘no threats to their mangroves’.   

Perhaps the greatest challenge facing village leaders was rules enforcement, particularly in Thailand. 

Thai villages, being generally smaller than Philippine communities, were often made up of only two 

to four extended families.  Leaders would rely on family bonds for many things, particularly when 

campaigning for election, as happened in both countries.   Younger leaders faced an additional 

challenge when trying to control the behaviour of older family members (very discomforting in  

Buddhist culture), such as enforcing the repayment of loans back into a village revolving fund.  Harsh 

enforcement of village rules risked a backlash and a lack of co-operation in other areas of village life. 

As the leader of T1A said, “they are our people” (interviewee T1A#32). Added to these difficulties, 

leaders could not necessarily rely on the support of outside agencies like the police or mangrove 

agency to support a punishment, or control the punishment meted out. Potential punishments in 

Thailand could be several years in prison and a significant fine. Therefore leaders with the will to 

enforce the sanctions tried to manage this process within their own village. 

Social pressure and being unwilling to go against normative behaviour might have been expected to 

be the first layer of social control and rules enforcement.  However some, including a few from the 

leadership, appeared not to be concerned about saving ‘face’ and were widely known to be either 

professional mangrove cutters, revolving fund delinquents, leaders of illegal gambling operations or 

unethical leaders.  Similarly, it might have been assumed that villagers would not be prepared to 

criticise fellow residents (Sudtongkong and Webb, 2008), but this was not the case.  Therefore it 

appeared that the effectiveness around enforcement was down to the will of the leadership and the 

moral authority they engendered.  

Awareness of the rules and the potential of punishments was widespread, but a majority believed 

that they would not be punished if caught cutting illegally.  What greatly increased the sanctions’ 

credibility was previous examples of their implementation, and these examples being widely known 

within the village.  Village T2A was fortunate to have a core leadership group who had the respect of 
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the villagers (unpublished data) and a very active conservation group leader (CGL). The fact that the 

CGL had punished a member of his own family was mentioned frequently by interviewees when 

explaining their compliance with their mangrove rules.  

3.6.2 Necessary Conditions for Effective Community Natural Resource Management 

Several researchers studying other types of natural resource have developed overlapping lists of 

conditions or activities that increase the chance of successful community resource management 

(Agrawal, 2001; Crona, 2006b; Faure et al., 2019; Nurse and Kabamba, 2000; Ostrom, 1999; Pomeroy 

and Carlos, 1997; Senyk, 2005; Soontornwong, 2006; Sudtongkong and Webb, 2008; Tole, 2010).  

Many elements of this list relate to the development or use of a set of community forest 

management (CFM) rules by a community, mechanisms for the enforcement of these rules and 

sanctions for rule-breakers.  While not claiming to be an exhaustive list of either conditions or 

researchers - Agrawal (2001) suggests there might be up to 35 factors - the key elements of these 

largely terrestrial studies have been amalgamated and described below and explored in the context 

of this mangrove study. Although this collated list of conditions provides useful guidance for 

establishing and managing (terrestrial) community resources, fulfilling all these criteria will not 

automatically lead to successful resource management, as each community’s context plays an 

influential role (Agrawal, 2001).   Furthermore, he suggests that some researchers within this 

academic area set out not to objectively study CBNRM, with hypotheses and empirical studies, but 

to prove CBNRM/CFM works if only a set of factors can be identified and fulfilled.  Potential ‘omitted 

variable bias’, produced by researchers failing to emphasize or incorporate other important factors 

that affect CBNRM, might suggest false or misleading relationships and correlations, particularly 

from single-site studies, and therefore the conclusions from these comparative studies might be 

limited in their wider applicability (Agrawal, 2001). 

3.6.2.1 Reliance on Mangroves, and a Shared Understanding of their Scarcity 

If a community is fully aware of the ecosystem goods and services their mangroves provide, if they 

rely on these mangroves (Senyk, 2005) and perceive that the mangroves are scarce or becoming so, 

and that this scarcity is or will become a community rather than a government problem, they are 

more likely to be prepared to devote time and resources to manage them (Nurse and Kabamba, 

2000; Pomeroy and Carlos, 1997; Springate-Baginski and Than, 2011).  Reviewing several CBNRM 

cases Tole (2010) suggested that the middle classes were more likely to perceive resource problems, 

degradation of forests and appreciate the need for restorative action.   In contrast, poorer villagers 

with fewer assets were likely to focus more on projects that provided immediate direct benefits, 

being less concerned with the damage caused to natural resources.   A lack of a common perception 
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and understanding of local natural resource problems might negatively affect how well a group 

functioned and tackled such challenges (Ostrom, 1999; Tole, 2010).  

Within this study, community proximity to mangroves did not necessarily mean that the inhabitants 

relied on or used this natural resource.   As Fig. 23 shows, mangrove village residents might work in a 

nearby town or on farms or with inland natural resources, away from the inter-coastal zone. And 

due to the purposive sampling of villages with extensive mangroves, perhaps scarcity was less of a 

motivating factor than the return of ecosystem services or being paid to plant (Philippines).   

3.6.2.2 Well-Defined Boundaries are Important for Successful Community Management 

Land tenure and boundary disputes are common problems within mangrove communities (Banjade 

et al., 2017; Brown et al., 2014; Rotich et al., 2016).  Within this study, clear definitions of 

communities’ external boundaries reduced the occurrence of confusion and conflict and aided 

successful management, which concurred with findings of the importance of well-defined 

boundaries (e.g. Pagdee et al., 2006).  Thai and Philippine government mangrove agencies used 

global positioning satellite-assisted mapping, physical demarcation such as concrete posts and 

signboards (Sudtongkong and Webb, 2008) to ensure villagers and outside parties understood 

shared boundaries, as found by Katon et al. (1998).  Problems arose when outsiders or villagers 

ignored the internal community boundaries by encroaching into mangrove zones for other land uses 

such as house building (T3A), oil palm (T2A) or aquaculture (T3B).    

For villages that had established some form of mangrove zoning (e.g. T2A, T1A) within their overall 

territory, these internal boundaries worked less well.  Zoning of mangroves might be an appropriate 

management tool used, for example, to exclude villagers from degraded stands to allow them to 

recover from degradation, but the location and definition of these zones were poorly understood by 

villagers, which negated their utility.  For example, in village T1A, the village leader, conservation 

group leader and government mangrove agency field office director all had a different 

understanding of the zone location and definitions within the village’s mangrove.   Another 

community had produced a large vinyl poster using Google Earth satellite imagery to depict their 

village, the external boundary and the mangrove zones therein (T2A, pers. obs.), but this only 

partially mitigated villager confusion. 

3.6.2.3 Clear Legal Framework, Obligations and Land Tenure Arrangements 

Clarity about the legal status of community resources, land tenure, governance and property rights 

is essential, as is an avoidance of confusion or incoherence from over-lapping legal jurisdictions.  

Regulations about a community’s obligations and commitments need to be clearly understood. As 

these rules entail restricting use and exploitation of mangroves, necessitating some negotiation and 
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compromise, rules must be seen as fair, legitimate and locally appropriate (Ostrom, 1999). This 

includes the rights of migrants and indigenous groups and how the law relates to customary 

arrangements (Faure et al., 2019).   Where culture permits, local autonomy of villages and 

conservation groups to act and manage a natural resource improves the likelihood of successful 

CBNRM (e.g. Sudtongkong and Webb, 2008; Waylen et al., 2010).  Arguably, South Asian cultures are 

more beholden to their governments, whereas in Southeast Asia there is more of a culture of 

collective action, particularly at the village level (V. Balaji, pers. comm.).  In India, NGO or local 

mangrove rehabilitation initiatives were viewed sceptically by local people, as they believed it was 

the government’s responsibility to implement rehabilitation programmes (Datta et al., 2012).   

Autonomous action and management might be resisted by local authorities or mangrove agency 

field offices who wish to retain control over natural resources and villagers (Datta et al., 2012).  In 

contrast, despite overlapping laws and jurisdictions, some Southeast Asian countries such as 

Myanmar are permitting or encouraging village conservation groups to manage the community’s 

natural resources, including establishing their own by-laws (e.g. Ministry of Natural Resources and 

Environmental Conservation (MONREC) Union Minister’s Office (Myanmar), 2016; Springate-Baginski 

and Than, 2011).  

Within this study, despite several government departments having an interest in the inter-coastal 

zone (Dale et al., 2014; Primavera, 2000; Thompson, 2018; Vandergeest et al., 1999), the Thai DMCR 

was actively encouraging the more co-operative villages to develop their own mangrove 

management rules. It is likely that the Philippines will soon follow the Thai’s example.   Although this 

did not extend to holding land tenure, the villages’ obligations were clear, even if villages’ own rules 

were less well recalled. Community rules that were simple and easy to understand were more likely 

to be remembered and therefore effective, as Faure et al. (2019) found. (The conservation group 

leader of T2A felt that the village rules in Appendix J were too long and complex for many to 

remember.)  And while villagers near very large areas of mangrove might have believed the rules to 

be unnecessary, few thought they were unfair.  

3.6.2.4 The Costs & Benefits of Restrictions, and Evidence of the Benefits of Behavioural Changes  

Ideally, villagers subject to rules and restrictions need to perceive that it is in their interest to stop 

degrading their mangrove from over-exploitation, to adhere to their natural resource regulations, 

and understand that a lack of action will result in greater problems later on (Crona, 2006a).   They 

should be able to perceive changes and improvements to their resources due to their positive 

activities (Ostrom, 1999; Tole, 2010).  Demonstrating progress to local villagers and donors can be 

facilitated by setting appropriate objectives, realistic budgets and suitable indicators of change or 

improvement (Lewis, 2005; Pomeroy and Carlos, 1997; Roe et al., 2009).   The costs of submitting to 



149 
 

the rules, and specifically enforcement or patrolling, should not be too high and the reduction or loss 

of immediate benefits that come from resource exploitation (e.g. here, mangrove wood harvesting) 

due to the imposition of community rules, should be roughly proportional to the costs imposed by 

these rules, where appropriate (Ostrom, 1999).  In this study community mangrove rules focused on 

the prohibition or control of cutting and forest protection, rather than the distribution of benefits.   

For villagers working as professional cutters, the opportunity cost was high, but they appreciated 

that their activity was illegal.    Most villagers appreciated the need for control of cutting, with the 

exceptions being concentrated in villages with vast areas of mangroves (T3A, T3B). In all villages, as 

their mangroves were reasonably intact (Chapter 4), demonstrating that cutting restrictions would 

improve mangrove quality or sustainability would be difficult, not least because these two criteria 

were themselves not measured. Furthermore villagers’ estimation of rehabilitating degraded areas 

and planting success was consistently over-optimistic, as shown in Chapter 1 & 2.   

3.6.2.5 Well Developed Community ‘Social Capital’ and Good Leadership 

Good social capital (defined in section 3.2.6) allows a community to solve shared problems, 

empower itself and can greatly help villages to agree to appropriate CBNRM rules and by-laws 

(Glaser and da Silva Oliveira, 2004).   Good leadership can strengthen social capital which can draw 

in outside resources and experts, adjudicate rules development and be the basis of sanctions 

credibility. Several authors have mentioned that strong, effective leadership was essential for 

successful CFM (Courtney et al., 2002; Datta et al., 2012; Glaser and da Silva Oliveira, 2004; Muehlig-

Hofmann, 2007; Ostrom, 1990; Pagdee et al., 2006; Soontornwong, 2006; Springate-Baginski and 

Than, 2011), but leadership has rarely been studied in detail in a mangrove village setting26.     

Agreements are much easier to achieve if the community has previous experience of CBNRM rule 

setting, potentially resulting in a portfolio of possible rules and social mechanisms (Ostrom, 1999).  

In these research villages, another resource that would benefit from community management was 

restrictions on size and timing of mud crab (Scylla sp.) harvesting and having to donate egg-bearing 

crabs to the communal crab bank rather than selling them, as found by Soontornwong (2006).   But 

the example witnessed twice during the research demonstrated the difficulty of establishing natural 

resource management rules.  Villagers appreciated the need for rules to manage mud crab numbers 

as they did for mangrove resources.   Older villagers reported that 30 or 40 years ago at high tide the 

mangrove trees used to turn black with the number of crabs climbing up into them (e.g. interviewee 

T3A#47). At the time of research, villagers had to travel further and further to find sufficient 

 
26   Leading a village can be a dangerous job as several community leaders have been killed in Thailand, often 
over land disputes, including a local leader in Sudtongkong and Webb’s study (2008).       
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numbers for sale and reported that the crabs found were smaller and smaller.  Crab collectors 

readily agreed that there has been a precipitous drop in crab numbers.  But they would not 

countenance that this reduction was due to their over-harvesting.  They ascribed crab reductions to 

pollution, outsiders, random chance, climate change or the will of Allah (interviewee T3A#54).  

Villagers fought vigorously to avoid making any sacrifices, such as not collecting during the few days 

of spawning. Making matters worse, despite their claims to the contrary, village wholesalers bought 

all crabs offered to them, including undersized or gravid crabs as they could be sold on as bait.  

Unsurprisingly, the wholesalers did not attend these village rule-setting meetings.   

Similarly, when discussing rules in a public meeting, villagers who disagreed with cutting restrictions 

would not attempt to argue against the head of the village or the government mangrove agency 

staff in public – very much against Thai and Buddhist culture - but instead just ignore the rules.  

Changing behaviour required different methods of interaction and discussion, effective patrolling 

and credible sanctions, as significant social capital on its own should not be taken as an 

unquestioned solution to all common property problems (Pomeroy and Carlos, 1997; Sudtongkong 

and Webb, 2008; Tole, 2010).   Community forest management can only be as effective as  social 

capital and other community institutions allow (Ostrom, 1999; Tole, 2010). 

3.6.2.6 Patrolling, Enforcement and Credible Sanctions 

Credible, graduated sanctions are necessary for the appropriate enforcement of community 

regulations (Fisher et al., 2005; Ostrom, 1999, 1990; Tole, 2010).  A community should ideally be 

cognisant of any previous application of sanctions for their penalties to be credible. And then 

transgressors need to be discovered by patrolling.  CBNRM and social control does not necessarily 

have to be in the form of by-laws but might take advantage of other forms of authority.  Nurse and 

Kabamba (2000) described a system of tacit traditional village regulations in Tanzania such as the 

establishment and protection of mangrove sanctuaries (protected areas) for spiritual worship.  In 

Pred Nai, Thailand, community forest protection was led by a monk, Pra Subin Pyuto.   Loggers were 

reported to be deterred from felling trees the monk had blessed, marked with saffron Buddhist 

ribbons around the trunks (Soontornwong, 2006).   However, Forsyth (2004) cautions against holding 

a ‘romantic’ belief that Thai village culture and (terrestrial) natural resource management was 

necessarily older, better and worthier than state management, observing that even though some 

traditional hill tribes had managed to retain areas of terrestrial community forests surrounding their 

villages, these were less biodiverse than other communities’ forests. 

Enforcement is challenging in Southeast Asian societies due to the cultural discomfort with 

confrontation, particularly between family members (pers. obs.), and therefore a conflict resolution 
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and enforcement mechanism should be developed that take this into account (Faure et al., 2019).  It 

was noteworthy that despite regular village meetings and much social interaction within these 

research villages, an accurate understanding about previous punishments or just accurate internal 

communication27 within the village was often absent.    In this study mangrove agency field officers, 

National Parks staff or local police sometimes supported the application of sanctions if the offenders 

did not change their behaviour after warnings from their village leadership, as suggested by Katon et 

al. (1998).  However, some village heads suggested that they were not receiving sufficient support 

from the corresponding mangrove agency field office directors. In turn, some of the field office 

directors knew that the local police departments or the local judiciary would not support their cases 

in court.   

3.6.2.7 A Change of Role for the State, and External Assistance from Other Groups 

A transfer of management responsibility or devolved governance or outright legal transfer from 

state to the local community does not absolve the state from involvement but suggests a change of 

role for the government to supporting the communities, together with appropriate NGOs (Faure et 

al., 2019; Pomeroy and Carlos, 1997).  Outside support might not be necessary in every situation 

(Walters, 2004) but in addition to supporting the application of sanctions, external actors can 

strengthen social capital and facilitate discussions with local elites and other stakeholders, 

government departments, surrounding villages and local businesses - activities which a community 

might not be able to initiate or achieve on its own (Marschke and Nong, 2003; Ostrom, 1999; Tole, 

2010).    External organisations can provide timely funding, training, information and an explanation 

of the rights of a village and the relevant laws (Pomeroy and Carlos, 1997).   For example, with staff 

embedded in the village, NGO RECOFTC28 introduced iterative rounds of action research into Pred 

Nai, Thailand, to identify problems with their CFM and improve their model, as issues arose 

(Soontornwong, 2006).    Thai NGO Yadfon29 worked closely with several communities in Trang 

Province to enhance all elements of their mangrove management, and facilitate networking along 

the coast, as well as with government organisations (Sudtongkong and Webb, 2008).  Various actors 

have supported villages around Gazi Bay, Kenya, to bring payment for the preservation of 

ecosystems to these villages, in the form of voluntary carbon credits and development infrastructure 

(Huxham et al., 2015; Locatelli et al., 2014).   

 
27 With remarkable regularity, village meetings were announced and the agenda publicised. But when attending these 

meetings the topic of conversation turned out to be something very different to that advertised.   

28 RECOFTC is the Regional Community Forestry Training Centre for Asia-Pacific, based in Bangkok, Thailand. The quoted 
author Soontornwong (2006) was its director.  
29 https://wiser.directory/organization/yadfon-association/  Accessed 6.11.2018 

https://wiser.directory/organization/yadfon-association/
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Appendix K is a summary of the guidance provided by the government to the Thai DMCR field offices 

for supporting CFM rules development in mangrove villages. However, this research has shown that 

beyond this guidance, assistance should be provided in many other areas, as described above 

including leadership training and sanctions support, and take into account the varying context of 

each village.  
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3.7 CONCLUSION 

Because of the previous experience of mangrove losses from concession clear-felling, many villagers 

agreed with the need for mangrove rules and mangrove protection, be that national law or 

community rules.  Spontaneously they suggested that open-access to their mangroves would lead to 

significant degradation.  If developed appropriately CFM presented an opportunity to tailor 

community regulations to better suit the needs of the community and the nature of their resource, 

compared to a one-size-fits-all national law.   As the field office directors in Thailand mentioned, if 

local villagers managed their mangroves appropriately, then they should be able to benefit from 

them in a sustainable way.   

Within the limits of the village selection criteria of this research, and without losing sight of the 

context of these villages, many of the lessons learned from terrestrial CFM remained relevant for 

mangrove community rules development.   Knowledge of the location of village mangrove 

boundaries is important and was clear to all, having been well defined by the government agencies.   

It might have been difficult for villagers to witness the benefits of restraining from open access-style 

cutting, but few made their living primarily from mangrove wood extraction and thus the costs of 

restraint were not high.  There was a consensus that villagers were following the rules, but the 

verbal, informal agreements for limited extraction for household use (i.e. repair only) were not 

working well and were prone to abuse.  Both countries required a ratified legal framework for CFM, 

particularly to support the enforcement of sanctions, which village leaders found difficult to apply.    

Any CFM legislation must define the land tenure rights and obligations of the state and local 

villagers.  The law should also directly assist the process of taking back illegally encroached 

mangrove land and compel other organs of the state to support this process.   CMF does not absolve 

the state from continuing to work with mangrove villages as experience in Myanmar, arguably 

further along this process, shows that continued support and training will be necessary. 
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4 CHAPTER 4.   DEVELOPING SIMPLE MANGROVE FOREST QUALITY & 

SUSTAINABILITY INDICATORS TO HELP NON-SPECIALISTS MANGROVE 

WORKERS PRIORITISE EXTERNAL ASSISTANCE 

 

4.1 ABSTRACT 

Mangroves provide essential goods and services to inhabitants of mangrove villages but in most 

countries mangroves are owned by the state and national law prohibits cutting and harvesting of 

mangrove wood.  Therefore, states’ conservation objectives can be at odds with villagers’ desires to 

realise some of the benefits from their mangrove by extraction of wood and timber.  At a local level, 

some mangrove agency field offices permit informal, limited extraction of wood for household use, 

but there is minimal monitoring of whether these informal cutting agreements are followed, if 

mangrove quality is significantly affected and whether this extraction is sustainable.   To help non-

specialised groups to perform a mangrove quality and sustainability risk assessment, I investigated 

various forestry and bio-geo-physical measures to assess which could function as simple indicators 

that could be aggregated to form mangrove quality and sustainability criteria.  These criteria could 

be used to improve targeting of external assistance by permitting the ranking of communities whose 

resources most need external intervention.   

We judged mangrove quality using canopy closure (measured by hemispherical photography, with 

the assumption that a closed canopy in Southeast Asian river delta conditions indicated better 

quality mangrove), the Simpson’s biodiversity index, the Forestry Structure Complexity index and a 

tree condition rating.  Mangrove sustainability was judged by density of juveniles, levels of cutting 

per unit area and tree size-class distribution.  2,224 trees were sampled across 57 transects in eight 

villages in the Philippines and Thailand. 

Analysis by generalised linear model and hierarchical multiple regression produced predictive 

models from a combination of measures for each of these indicators that differed in explained 

variance from 43-74% for mangrove quality, and 27-66% for mangrove sustainability. Salinity, the 

proportion of Rhizophora sp. in a transect and tree density were influential in the indicators 

contributing to the mangrove quality criterion.   Tree density and tree height played important roles 

in the indicators that made up the mangrove sustainability criterion.  The proposed weighting of 

indicators to develop the two criteria gave greater influence to indicators with higher explained 
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variance. These weightings can be adjusted depending on management objectives and definitions of 

quality and sustainability.   By using these easy-to-measure criteria of mangrove quality and 

sustainability, I hope to encourage the ranking and prioritisation of external intervention to 

mangrove villages most in need of assistance. 
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4.2 INTRODUCTION 

Healthy mangroves are vital for local coastal villagers, and the poorest in particular (Sunderlin et al., 

2005), due to the many ecosystems services and benefits they provide, (Appendix A, Moberg and 

Rönnbäck, 2003; Sinfuego and Buot, 2014).  To realise some of these benefits, wood extraction is 

required to provide materials for construction, fish traps, fish aggregating devices and fuelwood for 

cooking, as often there are few affordable, alternative resources (Badola et al., 2012; Glaser and da 

Silva Oliveira, 2004).  In most countries, mangroves are protected by law and cutting is prohibited, 

but they remain under unquantified levels of informal local cutting pressure from diffuse and chronic 

extraction (Walters, 2005a).  Mangroves have suffered from similar problems to terrestrial 

woodlands, including a loss of old forest, simplification of structure and biodiversity, patch size 

decrease and fragmentation by road building and urban development, among other issues (Barreto 

et al., 2006; Noss, 1999).  Due to passive state mangrove management, the effect on mangrove 

quality and sustainability of this unregulated, unquantified and often covert extraction is poorly 

monitored.   As a result, despite the academic debate and development of (terrestrial) forest 

indicators (e.g. MCPFE, 2002), government mangrove agency field staff, local NGOs and village 

mangrove managers are likely to have only a limited understanding of the resulting impact of this 

extraction and harvesting of mangrove wood on the quality and sustainability of their mangroves.   

This is partly because many of the (normally terrestrial) indicators that are aggregated to enumerate 

forest criteria require expensive equipment and training or are technically difficult to measure, 

particularly within this ecosystem which is challenging to work in due to humidity, soft mud, heat, 

interlocking prop roots and the corrosive effects of salt water. For example, measuring tree 

photosynthesis and leaf chlorophyll fluorescence requires costly apparatus30 and while the 

equipment needed for hemispherical photography to measure canopy closure might be getting 

simpler (Bianchi et al., 2017), the multi-stage computer analysis required remains challenging. 

Meanwhile mangrove agencies have limited staff and financial resources. 

To assist these mangrove-interested groups, I attempt to identify easier-to-measure bio-physical or 

social factors that workers who are not forest specialists can use to assess mangrove quality, and the 

sustainability of wood extraction.  With these tools, mangrove stands belonging to different villages 

can be ranked in terms of quality and sustainability to enable better prioritisation and targeting of 

external assistance and intervention to communities whose mangroves are under greatest threat. 

 
30 E.g. LI-COR LI-6800 fluorometer.  For more information see 
https://www.licor.com/env/products/photosynthesis/LI-
6800/?gclid=EAIaIQobChMIj6KOhqGC4wIVx4XVCh3caQBEEAAYASAAEgKdMfD_BwE   Accessed 24.6.2019 

https://www.licor.com/env/products/photosynthesis/LI-6800/?gclid=EAIaIQobChMIj6KOhqGC4wIVx4XVCh3caQBEEAAYASAAEgKdMfD_BwE
https://www.licor.com/env/products/photosynthesis/LI-6800/?gclid=EAIaIQobChMIj6KOhqGC4wIVx4XVCh3caQBEEAAYASAAEgKdMfD_BwE
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4.2.1 Mangrove Cutting, Gap Recovery, Stressors and Resilience 

Mangroves ecosystems can be affected by various stressors.   Lewis et al. (2016) make the 

distinction between acute and chronic stressors, such as changes in hydrology, sedimentation and 

significant weather events.  Generally, mangrove systems are resilient to changes such as sea-level 

rise because mangroves appear to be able to keep pace with soil accretion rates and rising average 

inundation levels due to a large store of underground nutrients, rapid recycling of nutrients, 

adaptations to their habitat and redundancy (Alongi, 2008).    Site-specific factors notwithstanding, 

conditions within a mangrove plantation are believed to stabilise after disturbance in terms of 

decreases in soil temperature, redox potential and tree density from self-thinning and inter-tree 

competition, and increases of soil organic matter, at around 11 years, the canopy usually closing 

approximately a year beforehand (Salmo III et al., 2013).  Mangrove plantations achieve maturity at 

approximately 25 years old, where the soil resembles substrate found in natural mangrove forests 

(Salmo III et al., 2013), due to the processes outlined by (Alongi, 2009a), particularly the build-up of 

organic material in the soil.    

One form of disturbance is the cutting and harvesting of mangrove wood.  Small-scale cutting and 

harvesting might be considered an important stressor, as Walters, (2005b) attributed 90% of 

mangrove tree death in the Philippines to cutting rather than any other cause, and questioned 

whether there might be cumulative effects on mangrove ecosystem dynamics (Walters, 2005b).  The 

influence of gaps within a canopy is still debated.  Some have suggested that there is little difference 

in juvenile recruitment between areas with forest gaps or with no gaps, only faster juvenile growth 

within these gaps (Clarke and Kerrigan, 2000).  Walters (2005a, 2005b) experienced low-level 

mangrove extraction in the Philippines which led to small stand gaps as villagers tended to spread 

their cutting. These gaps recovered quickly on their own.   Smaller openings may favour coppicing of 

species that maintain meristematic buds such as Sonneratia sp., Aegiceras sp., Avicennia sp., 

Laguncularia sp. and Xylocarpus sp., (but not Rhizophora sp. or Ceriops sp. as they have no reserve 

meristem, Tomlinson, 2016; Walters et al., 2008).  However, this silvicultural practice as an active 

management strategy is rarely reported.  Kairo et al. (2002) observed that in the larger forest gaps 

made by villagers harvesting wood in Mida Creek, Kenya, there was natural regeneration, but not 

necessarily of the species harvested.   As most mangrove species are shade-intolerant, (with the 

partial exception of R. mucronata) clear-felling larger areas might encourage most mangrove species 

present to exploit these openings (Putz and Chan, 1986).   Alongi and de Carvalho (2008) also 

witnessed much more intense cutting which produced significant forest gaps, large enough to allow 

continuous sunlight to reach the forest floor, causing considerable evaporation from soils.  They 

observed that soil drying increased the level of sulphides, metals ions and ammonium, and 
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decreased oxygen levels to the roots, thereby reducing respiration rates of live roots and slowing 

growth.  Live mangrove roots leak nutrients and carbohydrate into the rhizosphere (Saenger, 2002), 

improving the soil quality and competitive balance of beneficial bacteria.  The loss of live roots from 

harvesting, and therefore this leakage, would negatively affect soil quality and shift the competitive 

balance of soil bacteria towards a less favourable state, possibly in a non-linear manner (Alongi, 

2009a; Kristensen and Alongi, 2006).  Specific soil bio-physical changes notwithstanding, the 

challenge for managers is to monitor these types of changes to ensure sustainable extraction levels. 

4.2.2 The Value and Challenges of Indicators and Criteria 

Terrestrial forest organisations have developed indicators that are aggregated to compute criteria 

that describe and monitor forest stressors, changes and sustainability (MCPFE, 1998).  Similarly, the 

Group on Earth Observations - Biodiversity Observation Network has attempted to harmonise 

biodiversity monitoring by developing Essential Biodiversity Variables to aggregate and distil almost 

100 factors to illustrate change and prioritise efforts (Pereira et al., 2013).  Indicators are qualitative 

or quantitative variables that gauge features within a criterion, evaluated periodically, that reveal a 

direction of change over time (Mäkelä et al., 2012).    In a study of British forests, Ferris and 

Humphrey (1999) advised that indicators should be easily quantifiable, repeatable, subject to 

minimal subjective or observer bias, cost effective and ecologically meaningful.  Other researchers 

studying temperate forest ecology have developed several ecological indicators that are descriptive 

and normative, measuring direct or indirect effects, including pressures on forests, responses, states 

and phenomena (Heink and Kowarik, 2010).  Beyond this, ‘indicator’ is challenging to define (Heink 

and Kowarik, 2010; Mäkelä et al., 2012) because the word is used for different tasks, such as 

environmental planning or policy development, and by different groups, resulting in a definition that 

varies by user group (Heink and Kowarik, 2010).  Furthermore many forest indicators were 

developed for use at a national scale and concerned with wood production (Mäkelä et al., 2012). 

Developing indicators that capture the complexity of the system being monitored is challenging 

(Dale and Beyeler, 2001; Eslami-Andergoli et al., 2015).  For example, debate continues around 

which indicator species to use, or whether to use abundance of rare species, or species and features 

that are easy to measure.  Questions persist about the use of species that are sensitive to habitat 

loss and the acceptable length of response time-lag of the chosen indicator species (Noss, 1999).  

Other challenges to developing indicators include insufficient data, poor measurement accuracy, any 

significant exogenous shock with little warning, interaction of feedback loops between indicators, 

changes in the external perturbations, changes too subtle to measure (Eslami-Andergoli et al., 2015) 

and the difficulty of modelling heterogeneous stands (Mäkelä et al., 2012).  Even though intuitively 
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compelling, these indicators are often less than fully validated (Gao et al., 2015; Lindenmayer et al., 

2000; Noss, 1999) and to become fully comprehensive these models require further development 

and testing (Mäkelä et al., 2012).   

It could also be argued that not all terrestrial forests (or mangroves) have the same intrinsic value.  

Some might be biologically very diverse and a valuable seed source for the surrounding patches, but 

other stands less so (Noss, 1999). Therefore, the choice of indicators used should relate to the 

management goals of the forest in question, the local conditions and type of site.  For example, it is 

frequently assumed that forest management objectives are ecosystem functionality, connectivity 

and increased biodiversity (Ferris and Humphrey, 1999; Noss, 1999).  If these aims are not clear, 

explicitly stated or change, the choice of indicators used might not be in line with management goals 

(Dale and Beyeler, 2001).         

4.2.3 Defining Mangrove Quality and Possible Substitute Measures 

While acknowledging the benefits of indicators and criteria described by MCPFE (2002), measuring 

and interpreting indicators such as nutrient cycling and changes in soil organic matter to describe a 

mangrove forest’s health and condition (e.g. Salmo III et al., 2013) would be challenging in a 

mangrove context of chronic small-scale cutting and other potentially confounding variables such as 

inundation, sediment erosion / deposition, precipitation patterns and variability of salinity (Alongi, 

2009a; Saenger, 2002). Within temperate forests some well-established indicators use levels of 

coarse woody debris and extensive herb layer composition to describe forest ‘naturalness’ (Liira et 

al., 2007).  However, this might not be appropriate in other settings where deadwood is collected, or 

in a mangrove due to tidal inundation removing much of the floor litter, and the general lack of herb 

layer in a closed-canopy mangrove (Tomlinson, 2016).  Additionally, while recognizing the value of 

tested and validated indicators that capture elements such as stand structure, ecosystem function, 

connectivity, bio-physio-chemical soil parameters, response to stress, habitat functionality and 

carbon fluxes, many of these features might be challenging to measure for government mangrove 

agency staff or NGOs or indeed beyond their capacity (Dale and Beyeler, 2001; Lindenmayer et al., 

2000; Pereira et al., 2013).   

In response, I suggest narrow, simplified definitions of mangrove forest quality and sustainability. I 

then assess whether it is possible to substitute simpler alternative bio-physio-socio measures or 

factors that predict the indicators that are more difficult to measure, that make up the criteria of 

quality and sustainability. It is hoped that these more straightforward alternatives might increase 

the likelihood that managers will monitor the quality and sustainability of their mangroves, and be 
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able to rank and prioritise management assistance to improve the health of the lowest quality 

mangroves and / or conserve the most heavily exploited mangroves to maintain their sustainability.   

The perceived quality of a mangrove forest should be judged in relation to the management 

objectives, such as timber production, water purification (e.g. Laem Phak Bia, Thailand, Jitthaisong et 

al., 2012) or for ecological and biodiversity functions, and as such there can be no agreed single 

measure of mangrove quality.  The default silvicultural approach to mangroves rehabilitation in 

much of Southeast Asia is mono-specific, closed canopy mangrove plantation forestry in straight 

rows.  Although not necessarily mutually exclusive, this approach might be counter to the desirable 

structural complexity of a biodiverse mangrove, with numerous species at different heights, 

densities and age-classes, and which would be considered preferable for ecological and biodiversity 

objectives.  Therefore our proposed forest quality indicators, adapted from terrestrial forestry, cover 

a range of measures: canopy closure, leaf area index, forest structure complexity (index, i.e. FSCI), 

diversity and a tree condition rating (all defined later), left side of Fig. 34.   

 

Figure 34. Proposed indicators (L and R) and other measures (centre) for the criteria of mangrove quality and mangrove 
sustainability 

 

Hemispherical canopy photography (Bianchi et al., 2017; Gonsamo et al., 2011) provides an objective 

measure of canopy closure.  For the predominantly mid zone species plantations encountered in this 

research, in a deltaic setting, a more closed canopy is generally accepted as being a feature of better 
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forest quality31 (Alongi, 2009b). This feature limits the amount of radiation reaching the forest floor, 

reduces soil desiccation and warming, and retains the ‘boundary layer’ of moist air within a more 

closed canopy thereby reducing water loss from transpiration and the resulting tree stress (Evans 

and Turnbull, 2004; Thomas, 2001).  FSCI combines and is characterised by several forest attributes, 

such as basal area, tree height, tree species, tree density, biomass, foliage arrangement, canopy 

cover and understory (McElhinny et al., 2005), but in a review the authors acknowledge a variation 

in definition.  Greater stand complexity, described by a higher FSCI score, is seen as higher quality 

mangrove (in ecological terms), enjoys greater ecological stability and is able to produce a superior 

adaptive response to disturbance (Alongi, 2008).  Greater tree species diversity32, measured by the 

Simpson’s Diversity Index (Simpson, 1949) suggests a better, more varied habitat for creatures that 

use mangroves and a higher resilience to climatic change and alterations in other conditions and 

resources (Alongi, 2008; Saenger, 2002).  Finally, an A-D tree condition rating scale described the 

quality and usefulness of the individual trees that were sampled with better, straighter form 

(defined in section 4.3.6).   

4.2.4 Defining Mangrove Sustainability and Possible Substitutes 

Before the Brundtland Commission’s general definition of sustainability (World Commission on 

Environment and Development, 1987), descriptions of forestry sustainability were based on models 

of sustainable yield of wood (Monserud, 2003).  The Brundtland Commission and Earth Summit in 

Rio in 1992, paraphrased and adapted, suggested that the concept of sustainability included meeting 

people’s needs for ecosystem (here, mangrove) goods and services without reducing the 

ecosystem’s future productivity or intrinsic value, thereby including social and ecological elements to 

the idea of sustainability.  As a result, a review of sustainable management models for North 

American forests recommended broadening the scope of ‘sustainability’33, and suggested that 

models and indicators based only on sustainable yield were inappropriate (Monserud, 2003).  

Additionally, many of these models were developed for very large or national spatial scales.  Within 

the context of mangroves, a broad definition of sustainability might also take into consideration 

indicators that measure community activity (Pretty, 1995), carbon sequestration and infrastructure 

protection by mangroves acting as buffers, and providing connectivity between ecosystems and 

landscapes.   Here I focus on a narrower definition of mangrove sustainability using indicators again 

 
31 It is acknowledged that other forms of mangrove such as arid Avicennia marina-dominated systems, might 
be much more widely spaced and open, with significant mangrove stunting due to challenging growth 
conditions.  
32 While acknowledging that biodiversity is usually considered at the genetic, species and ecosystem levels 
(Agrawal and Redford, 2006; Davies et al., 2014), here only floral species are referred to. 
33 For example, see the 7th Ministerial Conference on the Protection of Forests in Europe (Forest Europe, 2015).  
https://foresteurope.org/wp-content/uploads/2016/11/Commitments_all.pdf  accessed 20.2.2019 

https://foresteurope.org/wp-content/uploads/2016/11/Commitments_all.pdf
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adapted from terrestrial forestry, that relate to the likely long-term survival and reproductive 

success of a mangrove stand.  The criterion of greater sustainability might be predicted by indicators 

such as a higher density of juveniles per hectare (ha), a reverse J-curve size-class distribution of tree 

diameters (Kimmins, 1996) and a lower rate of stem cutting per hectare (right side of Fig. 34).   A 

higher density of juveniles suggests that when trees grow beyond over-maturity and fail, there are 

juveniles and young trees ready to take advantage of the new gaps and light to replace the fallen 

trees.  A size-class distribution following a downward exponential curve would indicate a change 

between younger, more simple stands and more mature, diverse age-class stands (Noss, 1999).  If 

cutting/ha exceeds the annual increment of mangrove wood (more mangrove extracted than 

growing naturally), this suggests the rate of extraction is unsustainable.  

Although counting juveniles and cut stumps per hectare might be straightforward, the analysis of 

size class distribution is more complex. Consequently, I also included in the analysis other simpler 

bio-physio-socio measures that might predict, and therefore be substituted for, more difficult-to-

measure indicators (centre of Fig. 34). These included tree density, height and basal area, soil water 

salinity, the proportion of Rhizophora sp. within each transect, a village’s population, a village’s 

mangrove area, and distances from the village centre to each transect and to the nearest town. 

Village population size might indicate a level of local cutting pressure. Tree density, height and basal 

area interact with each other. Densely planted trees will normally have a lower diameter, as trees 

compete for light and grow upwards as fast as possible.  Increased salinity greatly affects and 

reduces mangrove growth rates (Saenger, 2002). The proportion of villagers whose main occupation 

was fishing (as reported by their village leaders) might relate to cutting rate as they commonly 

extracted mangrove branches for fish aggregating devices, among other uses. Towns closer to 

nearby villages might offer jobs, alternative livelihoods and substitutes for mangrove wood use, or 

ready markets for mangrove timber. The distance between the village centre and where a transect 

was conducted might affect covert cutting and extraction. 

Use of these simpler measures is not expected to replace the more complex and thorough indicators 

as suggested by Salmo III et al. (2013), which would require specialist equipment, knowledge, 

trained staff and difficult analysis.  I do not claim to have fully developed and validated mangrove 

forest quality and sustainability criteria.  Further research and testing in different mangrove types 

and in different conditions would be required - juvenile establishment in particular is complicated 

and affected by many factors.   However, these simpler indicators for the criteria of mangrove 

quality and sustainability will be able to reveal a direction of change in the quality and sustainability 

criteria over time (Mäkelä et al., 2012), and therefore assist the ranking and prioritisation of village 
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mangroves requiring external management assistance where existing management is failing to 

guarantee the long-term survival. 
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4.3 METHODS 

4.3.1 Country and Village Selection 

See Chapter 2, section 2.3.1. 

4.3.2 Transect Location Selection 

Seven transects per village were conducted (Fig. 10), except in P1B where eight were completed. 

Each village’s mangrove boundary was indicated by the local Thai Department for Marine and 

Coastal Resources (DMCR) field office or the equivalent Philippine Community Environment and 

Natural Resources Office (CENRO).   If a village had zoned its mangroves (e.g. usage zone, 

conservation zone, as opposed to ecological zone), these were indicated by the local conservation 

group leader.  The mangrove boundary and any mangrove zones were recorded by re-drawing them 

as a series of KML polygon files on Google Earth.  The area of these polygons was calculated using 

the University of New Hampshire’s Cooperative Extension KML Tools34 webpage, and later by Google 

Earth Pro’s ‘Measuring Tool’.  Walters (2005a) suggested that mangrove cutting and harvesting is 

affected by boat or road access due to the difficulty of moving heavy wood or large quantities of 

material through a mangrove.  Villagers were unlikely to attempt extraction of timber through 

hundreds of meters of dense mangrove and soft mud.  As mangrove cutting was illegal in both 

countries and therefore had to be carried out covertly, transects were purposefully located to take 

this and other factors into account:   

➢ The transects were within the village’s mangrove boundaries 

➢ All mangrove zones were sampled, as defined by the village, if applicable 

➢ The transects incorporated a geographic spread to take a representative sample of a village’s 

entire mangrove area  

➢ Transects were located less than 100-200m from a minor channel which would allow illegal 

cutters to hide their boats and provide boat access for transportation of cut mangrove 

wood. Alternatively transects were located near roads close to mangroves or where access 

was possible by foot via the back mangrove zone.   

  

 
34    https://extension.unh.edu/kmlTools/  Accessed 28.3.2017 

https://extension.unh.edu/kmlTools/
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A polygon was drawn around each approximate transect area, covering 1-3ha.   Within each of these 

polygons the University of New Hampshire’s web tool generated a random point for the start of each 

transect.  This start point was located in the field by a Garmin STc62 handheld GPS device.  

Table 10. Number of transects conducted per village, by country, and trees surveyed. 

 Villages Transects Trees Surveyed 

Thailand 6 42 1,624 

Philippines 2 15 600 

Total 8 57 2,224 

 

4.3.3 Point Centred Quarter Method to Gather Tree Demographics 

The ‘Point Centred Quarter Method’ (PCQM) transect method used the techniques developed by 

Cintrón and Schaeffer-Novelli (1984) and further enhanced by Dahdouh-Guebas and Koedam (2006). 

Rather than measuring trees within a rectangular belt transect, PCQM involved sampling points 

along a line, thereby avoiding the subjective judgement of whether trees were inside or outside a 

transect belt.  PCQM provided standard forestry measures of tree density / ha and basal area / ha. 

4.3.3.1 Sampling Points 

Sample points were normally 10m apart along a transect line unless there was a chance of sampling 

the same tree twice, when turning a corner or to avoid a minor channel, in which case the distance 

was increased to 15m. These distances were measured as accurately as possible with a fiberglass 

30m tape to avoid choosing convenient spots to sample. Each transect involved 10 sample points, if 

at all possible, resulting in data for 40 trees.  However sometimes rising tides or logistics issues 

resulted in only nine (36 trees) or very rarely eight (32 trees) points being sampled. PCQM transects 

were not conducted in straight lines but in shapes that formed a ‘W’ or ‘N’ to avoid confounding 

effects of species zone boundaries or changes in soil types. 

A mangrove 'tree' was considered to be at least >1.30m tall and the main stem to be >2.5cm 

diameter at breast height (DBH) (as per Kairo et al., 2008) measured at 1.30m above the ground 

(hereafter referred to as DBH130).  Standing dead trees were ignored as they were not used by 

villagers.  Dying trees were included only if they could still yield useful products (e.g. straight poles, 

timber, wood for charcoal) for the local people. Trees that had been completely felled were ignored 

for PCQM. On occasion Rhizophora sp. proved difficult to measure if the tree had lost its main stem, 

as the remaining tree form could ‘walk’, its prop roots and drop roots spreading laterally with new 

leading stems formed from branches below the cut point.   If stems of Rhizophora sp. had been 

removed several years previous to the survey, some of the lateral connections joining parts of one 

tree might break, forming independent units.  Therefore these sections were measured to a point 
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where an individual part of this ‘walking’ Rhizophora sp. tree could survive as an independent stable 

unit, following Dahdouh-Guebas and Koedam (2006) protocols. 

Table 11. Summary of the data and measurements collected during the transects, which criterion they applied to, and 
where necessary, a brief description 

Criterion Indicators / Measures Units Description 

Mangrove Quality Canopy Closure % The ratio of visible sky to canopy overhead, calculated 
by hemispherical photography 

 Leaf Area Index ratio The ratio of upper surface leaf area per unit of ground 
area covered 

 Biodiversity Simpson’s 
Index 

A measure of species biodiversity, which takes into 
account species present and relative abundance of each 
species 

 Forest Structure Complexity Index Index Describes stand complexity such as foliage arrangement, 
canopy cover, tree height, tree diameter, tree density, 
understory vegetation, tree species and their relative 
abundance 

 Tree Condition Rating % of ‘A’ & 
‘B’ trees 

A qualitative rating of individual tree quality and 
usefulness for the local community, from A-D 

    

Mangrove 
Sustainability 

Juvenile Density Per ha Number of mangrove plants (not vines or creepers) with 
less that 3-4 leaf pairs and under 1.3m tall, per hectare 

 Tree Diameter (Size Class) 
Distribution 

cm Diameter measured normally at 1.30m above the 
ground. Referred to in the text as DBH130 

 Cutting per unit area Per ha Number of cut mangrove stems or branches over 
approx. 35mm diameter, per hectare, that are clearly 
man-made ( 

 PCQM Sampled trees with Cuts % Proportion of all PCQM sampled trees in each transect 
with stems / branches cut over 35mm, where the cuts 
are clearly man-made 

    

 Tree Height m  

 Tree Density per ha Trees per unit area 

 Basal Area m2/ha Summed cross-sectional area of all the trees in a unit 
area, measured at 1.30m above the ground 

 Proportion of Rhizophora sp. trees 
in a transect 

%  

 Salinity ppt Measured in parts of salt per thousand  

 Distance, Village to Transect km  

 Distance, Village to Nearest Town km  

 Village population  All villagers of any age 

 Mangrove Area (per person) People/ha  

 Mangrove Stand Age  Not Available 

 

4.3.3.2 Point Centre Quarter Method Data Capture 

Detail is provided here to facilitate repetition by other researchers. For a full description of the 

protocol see Dahdouh-Guebas and Koedam (2006).   

At each sample point, a pole was firmly inserted vertically into the mud to act as the central 

measuring point and a GPS point taken.   A second stick was placed horizontally on the ground, 

perpendicular to the direction of travel. The surrounding area was divided into four quadrants, 

around the vertical stick.  In each of the four quadrants the nearest tree was identified. For each of 

these four trees the following measurements were taken: 
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1. Distance to the tree  

2. Tree Height 

3. Tree Diameter  

4. Tree Species. 

1.  Distance was measured from the central stick to the tree with the fiberglass tape measure. For 

trees growing at an angle, the distance to the part of the trunk which was 1.30m above the ground 

was measured. Multi-stem trees (e.g. Excoecaria agallocha) were measured to the centre of the 

main stem mass, visually judged.  

2. Due to the density of much of the mangrove, tree heights could only be visually estimated from 

the ground. Within the mangroves, use of a clinometer frequently proved impossible.  On occasion 

the upper halves of the trees were not visible even from directly underneath them.  If possible, a 

measure of a stand height was taken before entering the mangrove, as many stands were even-age 

class plantations. For shrubby-formed and often recumbent species like Scyphiphora hydrophyllacea, 

measurements were taken along the tree length, not vertical height.  

3.  Diameter was measured using a Charter House, Richmond fibreglass tree diameter tape to the 

nearest centimetre, taking care to avoid stem protrusions. Normally diameter was measured at 

breast height (DBH) 1.30m above the ground.  For Rhizophora sp. DBH was measured either at 

1.30m above the ground or 30cm above the highest emerging prop root, which could be several 

meters above the ground, whichever was the lower.  For multi-stem trees, all the main stems were 

measured, their DBHs being summed during data analysis.  For protocol details about measuring the 

DBH130 of trees with low forks, or measuring multi-stem trees, see Dahdouh-Guebas and Koedam 

(2006). 

4.  Species were noted, aided by a species chart (Appendix D.  Yong, undated).  

4.3.3.3 Point Centre Quarter Method and Basal Area  

An excel workbook developed by Dahdouh-Guebas and Koedam (2006) calculated basal area, tree 

density and complexity measures from the raw data. This workbook template is freely available at 

http://www.vub.ac.be/APNA/staff/FDG/pub/pub.html   Year 2006, line 39. 

4.3.3.4 Size Class Distribution Description and Analysis 

Size class (diameter) distribution of the demographics of the PCQM trees and juveniles was analysed 

for implied sustainability. Relatively high number of juveniles, followed by descending numbers of 

http://www.vub.ac.be/APNA/staff/FDG/pub/pub.html
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trees at larger size classes, which fit an exponential curve when the numbers of each size class are 

plotted on a chart, is widely assumed to be indicative of an ecologically sustainable forest. 

Each transect collected DBH130 measurements for up to 40 trees, and numbers of juveniles in the 

surrounding 250m2. To make size class distributions from different transects comparable, 

distributions were calculated on a per hectare (ha) basis.  DBH130s were grouped into incremental 

5cm size class categories, however the first category was 2.5cm DBH (the minimum for a ‘tree’) to 

4.9cm DBH, into which the juveniles were combined.   If present, trees larger than 30cm DBH were 

grouped into a final category.  Using the mid-point for each size class category, and 32.5cm DBH for 

the final category, the distribution for each transect was then plotted in Excel and an exponential 

line fitted. As an example, Fig. 35 depicts the size class distribution from transect 6 of village P1A. 

 

Figure 35. A sample size-class distribution from one transect (P1A, transect #6) with an exponential curve fitted. The figures 
have been converted to per ha data for ease of comparison. The curve fits this size class profile closely (R2= 0.99) 

 

Size class categories with no trees were omitted as a score of zero in a category inhibited an 

exponential curve being produced.   The closeness of the fit to the curve was described by the ‘R2’ 

coefficient, which ranged from 1 (perfect fit) to 0.09 (a poor fit).   Further analysis involving size class 

distribution was restricted to transects with a ‘goodness of fit’ R2 score of ≥ 0.8 (n=29). 

The exponential curve was described by two parameters, ‘X’ and ‘Y’.   X described the slope of the 

line (i.e. the rate of tree mortality) and Y indicated the exponential trendline intercept at zero 

(number of juveniles per ha needed to suggest a sustainable forest).  Fig. 36 illustrates the 

R² = 0.9938
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relationship between the closeness of the exponential line fit (x-axis) described by an R2 score, and 

the steepness of the trend curve slope, described by the x-coefficient (y-axis).  The slope 

measurement was used as a dependent variable for further analysis to assess what other measures 

size class distribution related to.  

 

4.3.4 Cutting Assessment Measurements 

Further data were captured to assess levels of cutting: 

 5.  Number of Cuts to the PCQM sample trees (stem or branch) 

 6.  Cut trees / ha. 

5.   The proportion of all PCQM sample trees with cuts to either main branches or stems were 

counted, if the cuts were at least 35mm diameter and recent enough for the cut to be obviously 

Figure 36. Graph showing the rate of tree mortality (y axis) against the goodness of fit of each transect’s size class 
distribution against an exponential curve, (x axis).  Poor fit was due largely to too few juveniles/ha, or in some cases huge 
numbers of juveniles/ha. 
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man-made rather than by tree fall, storm damage or natural wastage, indicated by blade marks and 

flat surfaces.  Old, decayed cuts which were questionable were not included, as per Walters (2004).  

6.   On each side of the sample point, perpendicular to the direction of the transect, two 5m2 boxes 

were marked out.   Within these boxes cut stems and significant cut branches were counted 

(excluding cuts to the four PCQM trees). As above, only cut stems / branches >35mm diameter were 

included, having been clearly cut with a blade (e.g. straight cuts from a chainsaw or blade) and for 

stems, recent enough not to be dislodged when pushed by foot.  Decayed stems that broke or fell 

over when pushed by foot were excluded.   

4.3.5 Additional Mangrove Quality and Sustainability Measures 

 7.  Juveniles / ha 

 8.  Hemispherical photography of the canopy 

 9.  Tree condition rating (A-D) 

 10. Salinity 

 11. Stand Age 

7.   Juvenile mangrove seedlings.  To qualify as a juvenile, a plant had less than 3 - 4 leaf pairs 

maximum, <1.30m tall and could still fail to survive, in the judgement of the researcher.   Juveniles 

from two 2.5m x 5m boxes were counted at each sample point.  Vines, creepers such as Acanthus 

sp., Finlaysonia sp., Derris indica, the fern Acrostichum sp. and shrub-layer plants were ignored as 

these species were not used by villagers.  

8.   Hemispherical photography provided an objective method of assessing the ratio of open sky to 

closed tree canopy.  While acknowledging that some more natural arid mangrove forest ecosystems 

might have sparse trees with significant gaps between them, in these research areas the species 

encountered, planting densities deployed and the abundance of water permitted an assumption of 

an eventual closed canopy structure.  Therefore, it was assumed that a more closed canopy was 

indicative of a higher quality forest than an open canopy with more visible sky (section 4.2.3).   

Photography of the canopy was taken at three points at each of the 10 PCQM sample points - at the 

sample point itself and 5m either side of the sample point, perpendicular to the direction of the 

transect.   To avoid selecting points which were easy to photograph, the distance from the PCQM 

centre point was measured out exactly with the fiberglass tape, the direction of which was judged 

using a Silva compass.   However, the exact location at which a photograph was taken had to be 

altered occasionally to avoid sunlight striking the lens directly which would adversely affect the 
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analysis of the photo.   The position of the camera would also be amended if there was any 

vegetation less than 2m above the lens, as this would cause the rest of the photograph to be out of 

focus and thus make classification impossible.   

The photography was taken with a Pentax K7 body and a Sigma 4.5mm F2.8 EX DC Circular Fisheye 

lens.    After experimentation no improvements of photo classification came from changing the 

camera sensor’s focal area or the light metering spot, so these settings were left at overall and total 

frame metering respectively.  The ISO photo quality setting was restricted to a maximum of 800.   

The shutter release was set to a two second delay to ensure minimal camera movement on the 

tripod.   The camera was mounted onto a carbon fibre tripod at approximately 1m high, but this 

would vary considerably depending on how deep the feet of the tripod penetrated the mud below 

or water depth. The top of the camera was aligned to magnetic north by use of a Silva compass. The 

transparent body of the compass allowed the ‘T’ of the brand name ‘Pentax’ on the camera body to 

be aligned with the north / south needle, thus ensuring that the top of the photograph was pointing 

directly magnetic north.  Hemispherical canopy photography required that the camera pointed 

precisely vertical.  Vertical alignment of the lens was achieved by balancing a 3-direction spirit-level 

on the lens cap before each photo was taken.   Each photograph data file was approximately 4.5MB.  

For a detailed discussion of hemispherical photography, see Chianucci and Cutini (2012); Promis et 

al. (2011) and Delta-T Devices Ltd.’s website35.   

The hemispherical canopy photography was processed using ‘Fiji’ thresholding software (Schindelin 

et al., 2015) and Gap Light Analyser v2.0 (Frazer et al., 1999). Leaf area index was calculated using 

five rings which took into account a larger area of the sky, from 0-75 degrees.  

9.    A condition rating between A-D was given to each of the four trees sampled at each PCQM 

sample point.   An evaluation scheme using eight factors where appropriate was applied to 

categorise each tree from A-D. The factors for each category are described below. Photographic 

examples of each can be seen in the Appendix L.   

‘A’. Good condition. Stable with very limited or no damage.  An appropriate height / diameter 

ratio, visually judged.  Balanced crown.  Tree not supressed by taller neighbouring trees. Limited leaf 

herbivory. No die back of the crown, particularly at the top. Depending on the species, limited 

accumulation of dead wood.  Tree useful to villagers and appropriate for building, including a 

straight stem, depending on the species.   

 
35    http://www.delta-t.co.uk/product/hemiview/#overview  Accessed 28.3.2017 

http://www.delta-t.co.uk/product/hemiview/#overview
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‘B’. Reasonable condition. Damage to side branches only, or minimal stem damage only (not at 

the base). Marginally too tall for its height (due to plantation planting).  Partially unbalanced crown 

or partially suppressed due to near neighbours.  Minor levels of leaf herbivory or some dead wood, 

but nothing significant at the top (which would suggest root die-back).  Stem intact but not straight 

and therefore of less use for villagers, particularly for building, but the timber is still useful for other 

purposes.  

C. Poor condition. Stem damage and significant wounds, particularly near the base of the tree. 

Suppressed by overhanging trees and therefore unbalanced crown and angled growth. Significantly 

‘drawn up’ by competing for light with close neighbouring trees, being too tall for its diameter and 

therefore very vulnerable to stem snap if neighbouring trees are removed.  Leaves suffering from 

significant herbivory. Poor tree form, such as bent stems or compression joints at the base between 

stems.  Canopy / top die back due to tree stress or natural damage. Significant deadwood where it 

would normally not be present on that species. Perhaps useful to the villagers for charcoal or minor 

wood products such as fencing posts or fish aggregating devices. 

D. Dying, significantly stressed or seriously damaged / decayed tree.   Serious to existential 

damage. Perhaps decayed or hollowed out trunk of the tree (particularly mature Xylocarpus sp).  

Unbalanced or lopsided crown or crown only in one direction. Inappropriate height / DBH ratio or 

perhaps reset by stem snap. Suppressed with closed canopy overhead. Seriously debilitating levels of 

herbivory.   Significant die-back of the crown or tree retrenchment. Significant levels of deadwood, 

beyond what would be expected for the species. Timber and stem of very limited use for villagers 

other than for charcoal.  

Taking into account these factors, trees that had only one or two issues were given an A. If a tree 

had three or four of the issues listed, it scored a B.  If there were five or six problem areas, the tree 

was given a C.  Trees in very poor condition with many problems gained a D. The analysis used the 

proportion of ‘A’s and ‘B’s within a transect as a measure of better or worse condition rating.  

10.    Soil salinity was measured either from available soil pore water or groundwater sourced from 

minor excavations up to 15cm deep (Bellingham and Stanley handheld refractometer). This was 

conducted at two points per PCQM sample point, 5m away perpendicular to the direction of the 

transect. The refractometer was calibrated daily with fresh water.  On several occasions the survey 

area was flooded, and therefore, general salinity was taken of the floodwater.   
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11.   Mangrove Stand Age. No accurate records were available from either government mangrove 

field offices or local village administrators concerning the post-concession planting activity.  It 

quickly became apparent that stand age estimations were either inaccurate or inconsistent.  

All data was recorded on a pre-printed data sheet (Appendix M). 

4.3.5.1 Forest Structure Complexity Index (FSCI) 

FSCI produces a measure of mangrove spatial forest structure by combining tree heights, number of 

species, tree densities and basal areas (McElhinny et al., 2005).  This study used ‘maximal average 

height’ for consistency, because in the majority of transects the forest structure was uniformly 

developed, even-age class plantation without strong seasonal disturbance (Blanco et al., 2001).  For 

FSCI calculations in this study, plants <2.5cm diameter at breast height (DBH) have been omitted.  As 

per basal area (section 4.3.3.3) the FSCI calculations were performed by the excel workbook 

developed by Dahdouh-Guebas and Koedam (2006).  This complexity index (C.I.) was calculated 

using their formula. 

                                

m = number of species 

Ba = basal area 

h = mean stand height 

De = relative density 

4.3.5.2 Biodiversity  

Biodiversity was assessed by the proportion of Rhizophora sp. within a transect sample and also by 

calculating Simpson’s diversity index (Simpson, 1949). This produces a measure of biodiversity, 

taking into account the number of species (here of the mangrove trees species only) as well as the 

abundance of each species. This was calculated using the following formula.  

 

n= the total number of plants of a particular species  

N= the total number of plants of all species 
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The scale runs between 0 and 1. As species richness and evenness rise, the score increases from 0 

being the least biodiverse to 1 being the most diverse.  

4.3.6 Research Method Limitations 

Hemispherical photography was negatively affected if sunlight was shining directly into the lens.  

Having established the exact point where each photo should be taken, minor lateral adjustments 

were made to avoid direct sunlight striking the camera.  This resulted in fewer photographs taken in 

the middle of a clearing and therefore minor increases of canopy closure percentages.   It proved 

impossible to measure the heights of many mangrove trees with a clinometer, due to high tree 

density planting, canopy closure and lower canopy obstructing the view of the tops of the trees.   In 

these cases, estimates were developed guided by standard tree measurements, when conditions 

and space allowed, and measurements from outside a mangrove stand before commencing a 

transect.   Size class data omitted mangroves above ‘juvenile’ (three or four-leaf pairs maximum, 

<1.3m), but smaller than a ‘tree’ (≥2.5cm DBH130, >1.3m tall).  As mangroves tend not to have an 

understory, this resulted in very few plants were omitted.   Salinity measurements might have been 

affected because some of the back mangrove sites were too dry to yield soil-water, even after 

excavating a small borehole.   Salinity measurements could also have been affected by precipitation 

preceding some of the transects.   Size class distribution analysis was occasionally affected by very 

large numbers of juveniles (most commonly under the canopy of mature Avicennia sp. trees) which 

reduced the level of fit of the exponential curve.  Furthermore, some distributions were slightly 

better than might otherwise have been expected, due to having data in fewer size classes.  Distances 

between transect and village were difficult to measure as most of the villages were formed of 

clusters of houses scattered throughout the villages’ areas, rather being based around true centres.   

Ages of plantations surveyed were not analysed due to the inaccuracy and inconsistence of reported 

planting dates and lack of documentation.  

In the generalized linear model analysis, forest structure complexity index (FSCI) is a composite 

measure that includes basal area and tree density. It also includes the number of species which here 

is reflected in the proportion of Rhizophora sp. in a transect.  Therefore if these two factors are 

included there is an element of auto regression.  However, they have been retained within the 

analysis as they still predict FSCI – the objective of this ranking system.    
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4.4 ANALYSIS 

4.4.1 Generalized Linear Model Analysis 

Using SPSS v25, a generalized linear model (GZLM) was used to explore and analyse the data taken 

during the transects, to investigate which of the variables explained a significant portion of the 

variance for each potential indicator. GZLM analysis is able to examine data sets that contain non-

normal distribution, categorical data and does not require the error distributions to follow a normal 

distribution.   Each proposed indicator (section 4.2.3) was tested separately as a dependent variable 

with the other measures as covariates, due to the limited number of data points (as a rule of thumb, 

the number of predictor variables should be no less than 10 per dependent variable, Field, 2018).   

The effect of transects being conducted in different villages was investigated by including ‘village’ as 

a fixed factor. In all GZLM tests the Omnibus Test was significant (p<0.001, df=17).  This test 

examines whether the explained variance in a set of data is significantly greater than the 

unexplained variance overall.  All factors and covariates were examined for Type III, main effects.  

4.4.2 Hierarchical Multiple Regression Analysis 

For more in-depth analysis hierarchical multiple regression (HMRA) was used to validate and expand 

on the potential predictive models suggested by the GZLM analysis. HMRA allowed analysis of the 

bio-physio-socio factors to quantify the level of variation within each mangrove quality or 

sustainability indicator explained by the different combinations of alternative, simpler measures. 

More specifically HMRA provides a framework to construct a series of regression models by adding 

additional variables to previous models at each iteration, thus indicating which variables add a 

significant improvement to the R2 score (the proportion of explained variance in dependent variable 

by a model) and which variables have little input.  

The statistically significant measure(s) from the GZLM output were used as predictors in the first 

HMR analysis block and all the other non-significant measures in the second HMR block, hence the 

‘hierarchical’ nature of the analysis. (Grouping all other measures into a second block is referred to 

as ‘forced entry’, Field, 2018). Otherwise there was no natural order for analysis of other measures.    

HMRA is also robust with relatively small sample sizes. Given the small sample size for this type of 

analysis, all the data were used during this analysis, rather than keeping one half to test a model 

against the other half.  

4.4.3 Statistical Tests 

Independent samples t-tests were used to test whether there was a statistical difference between 

basal areas and tree densities in Thailand and the Philippines. A Levene’s test was not significant. 
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The null hypothesis for both was that there was no statistical difference between countries for 

either statistic.  Furthermore, whether there was a significant relationship between tree density and 

basal area was explored using a Pearson’s Correlation.  The null hypothesis was that there was no 

significant relationship between them.  

The difference in tree heights between Thailand and the Philippines were examined with an 

independent samples t-test. A Levene’s test was not significant. The null hypothesis was that there 

was no significant difference between tree heights in the two countries.  

The relationship between tree density and salinity was examined with by Spearman’s correlation. 

The null hypothesis was that there was no significant relationship between tree density and salinity. 

The relationship between basal area and salinity was examined with a Spearman’s correlation. The 

null hypothesis was that there was no significant relationship between basal area and salinity. 

The difference between Thai and Philippine forest canopy closure was examined by an independent 

samples t-test. A Levene’s test was not significant. The null hypothesis was that there was no 

significant difference between the canopy closure percentage in the two countries.  

The difference between Thai and Philippine forest structure complexity index (FSCI) was examined 

by a Mann Whitney-U test.  The null hypothesis was that there was no significant difference 

between FSCI in the two countries. 

The difference in Simpson’s Diversity index between Thailand and the Philippines was examined with 

an independent samples t-test. A Levene’s test was not significant. The null hypothesis was that 

there was no significant difference between the Simpson’s Diversity index in the two countries.  

Tree condition rating was examined by an independent samples t-test to explore whether the 

condition of the trees was significantly different between Thailand and the Philippines. The null 

hypothesis was that there was no statistically significant difference.  

The difference in juvenile density between countries was tested with a Mann Whitney-U test. The 

null hypothesis was that there was no statistically significant difference between Thailand and the 

Philippines.   

The difference in stem and significant branch cutting (over 35mm diameter) between countries was 

examined with a Mann Whitney-U test. The null hypothesis was that there was no statistically 

significant difference between Thailand and the Philippines.  
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The difference between the levels of cutting of the PCQM trees sampled in Thai and Philippine forest 

was examined by a Mann Whitney-U test.  The null hypothesis was that there was no significant 

difference between PCQM tree cutting in the two countries. 

The sustainability of the forests as suggested by the size class distribution was examined by an 

independent samples t-test to explore if the closeness of fit to the exponential curve was 

significantly different between Thailand and the Philippines. A Levene’s test was not significant. The 

null hypothesis was that there was no statistical difference.  
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4.5 RESULTS 

4.5.1 Overall Results 

4.5.1.1 Bio-Physical Overview: Basal Area, Tree Density, Salinity, Condition & Height 

Tree demographics were similar to the results recorded by other researchers (e.g. Alongi and de 

Carvalho, 2008; Asaeda et al., 2016; Kairo et al., 2008; Saenger, 2002).    For transects, basal area 

ranged from 6 - 48.2m2/ha, with a mean of 22.7m2/ha (N=57, SD±8.7m2/ha). Tree density varied 

from 720/ha to 8,471/ha.  Mean tree density was 2,454/ha (N=57, SD±1,507/ha), close to what 

would be expected for 2x2m spacing plantation (i.e. 2,500 trees/ha).  There was no significant 

difference between basal area (t(55)=-0.75, p=0.46) or tree density (t(55)=0.78, p=0.44) in the 

Philippines compared to Thailand.  Nor was there an overall relationship between basal area and 

tree density (r(57)=-0.12, p=0.36).    Across all transects, mean tree height was 8.8m (N=57, 

SD=±2.7m).  Thailand’s mangroves averaged 9m compared to the Philippines’ 8m but the difference 

was not statistically significant (t(55)=1.26, p=0.95).   Salinity extended from fresh water to 41 parts 

per thousand (ppt), with a mean of 25ppt.   The inverse relationship between tree density and 

salinity was significant at the 5% confidence level, (r(55)=-0.267, p=0.049), and between salinity and 

basal area (r(55)=-0.274p=0.043).   The area of mangrove owned by each village varied from 126 – 

3,894ha, the mean being 828ha (median 407ha). Mangrove area appeared not to relate to any other 

measure, including levels of cutting or biodiversity.    Village populations lay between 660 – 3,000 

people, the mean being 1,480.  Mangrove area per person varied between 0.04 - 5.7ha/person with 

a mean of 1ha/person (SD±1.8ha/person, median 0.3ha/person).   

4.5.2 Mangrove Quality Indicators 

Indicators that contributed to the criterion of mangrove quality included canopy closure, leaf area 

index (LAI), forest structure complexity index (FSCI), Simpson’s (biodiversity) index and tree 

condition rating. Canopy quality was assessed by hemispherical photography to measure canopy 

closure and LAI.   At the planting densities deployed and with time since the end of the concessions 

to grow, predominantly mid zone species encountered during this research would eventually 

develop a closed canopy if undisturbed.  Therefore any reduction in canopy closure was regarded 

here as indicating lower quality mangrove.   Mean canopy closure was 68.9% (SD=±7%) ranging from 

50.8 – 79.6%.   The Philippines’ forests (mean=61%) were significantly more open than Thailand’s 

mangroves (71.7%, t(55)=6.8, p<0.001).   LAI, ranging between 0.8 – 1.67 was at the lower end of 

findings from Salmo III et al. (2013) and lower than the 3.99 LAI that Kairo et al. (2008) described.  

LAI formed a very close inverse relationship with canopy closure (R2 =0.96), therefore the 
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relationships described with canopy closure were also observed with LAI.   There was no significant 

difference between Thailand and the Philippines’ FSCI, (U=255, Z=-1.08, p=0.28, section 4.3.5.1).  

FSCI ranged from 4.3 to 214, with a mean of 38 (N=57, SD±34).  Simpson’s Diversity Index (section 

4.3.5.2) produced a range between zero to one with one being the most biodiverse. Here the mean 

was 0.64 (SD±0.16) with no significant difference between the countries (t(55)=0.29, p=0.77).  It 

should be noted that even though the proportion of Rhizophora sp. had a significant impact on the 

Simpson diversity Index it was not a linear relationship (R2 = 0.07) with an inflection at 90% 

Rhizophora sp., Fig. 37.  

 
Figure 37. The relationship between biodiversity and the proportion of Rhizophora sp. in a transect was approximately 
linear, with an inflection at the 90% Rhizophora mark. The slope was not as steep as might be expected due to the generally 
limited numbers of other species in these countries’ mangroves.    

 

Trees sampled were nominated into one of four condition categories (section 4.3.5), ranging from ‘A’ 

(stable, appropriate height to girth ratio, a good specimen, valuable to local people) to ‘D’ (unstable, 

dying, diseased, very poor form, severely damaged, of little use to local people).   Overall, 7% 

received an ‘A’ classification, 27.5% a ‘B’, ‘C’s 59% and 7.3% received a ‘D’ classification.   Combining 

‘A’s and ‘B’s together (i.e. the better 34.6% of trees that were of greater value to local people), the 

range of ‘A’ and ’B’ trees per transect ranged between 3% and 73% with a median of 34.2% 

(SD±15.3%) which was similar in both countries (t(55)=-1.94, p=0.06). 
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4.5.3 Mangrove Sustainability Indicators 

Indicators that contributed to the criterion of mangrove sustainability included juvenile mangrove 

density, levels of cutting and size class distribution.  Juvenile density varied greatly with a mean of 

4,620/ha, ranging from 120 to 62,800/ha (N=56, SD±9,080) but with no significant difference 

between countries (U=309, Z=-0.1, p=0.91).    The overall level of cutting of stems and branches was 

720/ha (N=55, SD±1,500/ha).  The slight difference in cutting levels between Thailand (680 cut 

stems/ha, n=40, SD±1,170) and the Philippines (828 cut stems/ha, n=15, SD±2,207) was not 

statistically significant (U=235, Z=-1.23, p=0.22).   Point Centre Quarter Method (PCQM) transects 

necessitate four trees being sampled at each sample point.  2,224 trees were assessed in total with a 

minimum of at least 30 trees per transect.  Significant cutting of these trees (branches or stems cut 

with a greater diameter than 35mm), was recorded. The proportion of PCQM-sampled trees with 

significant cuts was 7.3% (N=57, SD±9.2), Thailand’s mean being 6.2% of trees with cuts (n=42, 

SD±8.2) and the Philippines’ 9% (n=15, SD±11.8) which was not a significant difference (U=292, Z=-

0.42, p=0.64).  The sustainability of the mangrove stands suggested by the size class distribution was 

not significantly different between countries (t(55)=0.05, p=0.96).  The closeness of fit to the 

exponential curve (R2) score had a mean of 0.75, (N=57, SD±0.21) and the distributions ‘x’ coefficient 

between the countries had a mean of 0.15, (N=57, SD±0.07). 
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4.5.4 Mangrove Quality: Generalized Linear Model Analysis 

The bio-physical features that made up the potential mangrove quality indicators and other 

measurements that might predict these indicators were initially assessed via a Generalized Linear 

Model (GZLM, section 4.4.1).  Each mangrove quality indicator was analysed individually due to the 

different possible definitions of mangrove quality (section 4.2.3) and the restricted number of data 

points. Table 12, which combines only the significant output at the 95% confidence level or better, 

from the four GZLMs, summarises the significant relationships.   The stronger relationships are 

highlighted in darker green (key at the bottom of Table 13).  

Table 12. Generalized linear model output summary for the four mangrove quality indicators. 

Mangrove Forest 
Quality Indicators 

Other Bio-Physical Measures that 
Related to a Quality Indicator within 
the GZLM 

Df Significant Model 
Effects (min. 95% 

confidence level) 

Canopy Closure    

 Tree Density / ha 1 .031 

    

Simpson’s Diversity    

 % Rhizophora sp. within a Transect (inv) 1 .000 

 Village Effect 7 .034 

 Mangrove Area per Person (ha) (inv) 1 .043 

    

Forest Structure 
Complexity Index 

   

 * Basal Area m2/ha 1 .000 

 * Tree Density / ha 1 .000 

 *% Rhizophora sp. within a Transect (inv) 1 .014 

    

Tree Condition Rating    

 Village Effect 7 .000 

 Tree Height (m) 1 .001 

 % Rhizophora sp. within a Transect (inv) 1 .015 

 Village Population 1 .024 

 Distance Between Village & Nearest Town (inv) 1 .027 

    
Dark green, p≤0.001 Mid green, p<0.025 Light green, p<0.05 

‘Inv’ denotes inverse relationship. * Basal area and tree density are components of FSCI. Indirectly, %Rhizophora sp. is also 
an element of the FSCI.  See Research Method Limitations section (4.3.6) 

Canopy closure was associated with tree density (p=0.031, df=1).  Simpson’s diversity index could be 

predicted by the proportion of Rhizophora sp. in a transect (p<0.001, df=1) as well as the mangrove 

area per person (p=0.043, df=1), both inverse relationships. However, there was also a significant 

village effect (p=0.034, df=7), i.e. a difference produced by the effect of a change of location.   As 

would be expected, FSCI, was significantly associated with basal area and tree density (both p<0.001, 

df=1). However, it was also inversely related to the proportion of Rhizophora sp. in a transect 

(p=0.014, df=1) but not affected by changing village. and Tree condition rating was associated with 

tree height (p=0.001, df=1) and village population (p=0.024, df=1), and inversely with the proportion 
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of Rhizophora sp. in a transect (p=0.015, df=1) and the distance between the village and the nearest 

town (p=0.027, df=1). However, there was also a significant village effect (p<0.001, df=7).  

4.5.5 Mangrove Sustainability: Generalized Linear Model Analysis 

Bio-physical and socio-geographic measures from the mangrove forests that might predict the four 

mangrove sustainability indicators were also assessed via a Generalized Linear Model in a similar 

manner.  As before, each mangrove indicator was assessed individually due to the number of 

available data points. Table 13, which combines the significant output from the four GZLMs, 

summarises the significant relationships. Again, the effect of changing village was included. Darker 

green indicates a more significant relationship.   

Table 13. Generalized linear model output for the four mangrove sustainability indicators 

Forest Sustainability 
Indicators 

Other Bio-Physical Measures that 
Related to a Sustainability 
Indicator within the GZLM 

df Significant Model Effects 
(min. 95% confidence level) 

Juvenile Density (ha)    

 Tree Density / ha (inv) 1 .044 

    

Tree Size Class Distribution    

 Village 7 .004 

 Tree Density / ha 1 .017 

    

Number of Cut Stems & 
Branches / ha 

   

 Tree Density / ha 1 .000 

 Village 7 .002 

 % Rhizophora sp. within a Transect (inv) 1 .012 

 Basal Area m2/ ha (inv) 1 .013 

    

% of PCQM Trees with 
Significant Cuts 

   

 % Rhizophora sp. within a Transect (inv) 1 .025 

    
Dark green, p≤0.001 Mid green, p<0.025 Light green, p<0.05 

‘Inv’ denotes an inverse relationship 

Table 13 reveals that juvenile density was inversely related to tree density (p=0.044, df=1).  A 

sustainable size class distribution appeared to be affected by the change of village (p=0.004, df=1) as 

well as tree density (p=0.017, df=1).  Levels of cutting per hectare were most closely linked to tree 

density (p<0.001, df=1) and inversely with the proportion of Rhizophora sp. in a transect (p=0.012, 

df=1) and basal area (p=0.013, df=1).   There was also a significant village effect (p=0.002, df=7). 

Finally, the proportion of trees sampled within the transects with significant cuts was inversely 

associated with the proportion of Rhizophora sp. within the transects (p=0.025, df=1).   
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4.5.6 Hierarchical Multiple Regression Analysis 

Hierarchical multiple regression analysis (HMRA) was used to probe the relationships suggested by 

the GZLM in greater depth, to cross-check whether it was possible to develop predictive models for 

mangroves quality and sustainability, and whether is possible to substitute in easier-to-measure 

forest features to avoid components that were more difficult to measure or analyse.  Indicators were 

analysed one at a time because of the limited data points per indicator.  Significant factors revealed 

from the GZLM analysis (column 2, Tables 12 and 13) were used as the first stage of the hierarchy 

within each regression (third column in Tables 14 and 15).  All other measures formed the second 

stage of the hierarchy.  HMRA suggested between 1-5 possible predictive models for each indicator, 

made up of a combination of various measures (4th column).  Each potential model explained a 

different amount of variance (R2 score, 5th column).  The model with the highest R2 value for each 

indicator has been included in Tables 14 and 15. Again, shades of green indicate significant 

relationships that are key to these models (eighth column).  The output has been collated and 

summarised in Tables 14 and 15. ‘Village effect’ refers to the influence of changing research village.  
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Table 14. A summary of the hierarchical multiple regression analyses for each of the four mangrove quality indicators. A 
colour code key for column 8 is at the bottom of Table 15. A minus sign (columns 6 & 7) denote an inverse relationship. 

 

 

Criterion Indicator

Key Predictor(s) from 

Generalized Linear Model

Hierarchical Multiple Regression Model 

Predictors (max explained variance). 

Model uses the following measures

R2 

(model fit) 

Variance 

Explained

Standardise

d 

Coefficient. 

Beta t Sig.

Mangrove 

Quality

Canopy 

Closure Tree density Village Effect -0.524 -1.816 0.076

Salinity -0.445 -3.264 0.002

% Rhizophora  sp within a Transect 0.292 2.718 0.009

Tree Density 0.235 1.934 0.06

Distance from a Town Amended (km) -0.165 -1.164 0.251

Mangrove Area per Person Amended (ha) -0.136 -0.91 0.368

Distance from Transect to Village (km) 0.126 1.016 0.315

Tree Height (m) 0.032 0.239 0.813

Juveniles/ha -0.013 -0.129 0.898

Village Pop 0.006 0.019 0.985

Simpson's 

Diversity

% Rhizophora  sp within a 

Transect % Rhizophora  sp within a Transect -0.549 -3.537 0.001

Village Effect Salinity -0.419 -2.132 0.039

Mangrove Area per Person 

(ha) Tree Density / ha -0.337 -1.926 0.061

Village Pop 0.286 0.651 0.518

Village Effect -0.249 -0.598 0.553

Juveniles / Ha -0.201 -1.39 0.172

Distance from a Town Amended (km) 0.183 0.898 0.374

Tree Height (m) -0.098 -0.502 0.618

Mangrove Area per Person (ha) 0.052 0.242 0.81

Distance from Transect to Village (km) 0.039 0.221 0.826

FSCI Basal Area m2/ha Basal Area m2/ha 0.641 5.871 <0.001

Tree Density / ha Village Pop -0.442 -1.428 0.161

% Rhizophora  sp within a 

Transect Tree Density / ha 0.352 2.839 0.007

Village Effect 0.34 1.201 0.237

Tree Height (m) -0.188 -1.283 0.207

Distance from Transect to Village (km) 0.175 1.449 0.155

Distance from a Town Amended (km) -0.162 -1.163 0.251

Mangrove Area per Person Amended (ha) -0.16 -1.096 0.279

% Rhizophora  sp within a Transect -0.115 -1.059 0.296

Salinity -0.08 -0.542 0.591

Juveniles / Ha -0.032 -0.309 0.759

Tree 

Condition 

Rating Village Effect Village Effect 0.734 1.983 0.054

Tree Height (m) Village Pop -0.363 -0.934 0.355

% Rhizophora  sp within a 

Transect Tree Height (m) 0.343 2.066 0.045

Village Population Salinity -0.183 -1.051 0.299

Distance Between Village 

and Nearest Town (km) % Rhizophora  sp within a Transect -0.108 -0.826 0.413

Distance from Transect to Village (km) 0.097 0.61 0.545

Distance from a Town Amended (km) 0.04 0.223 0.825

Tree Density / ha -0.034 -0.233 0.817

Mangrove Area per Person (ha) -0.02 -0.11 0.913

0.74

0.52

0.72

0.43
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Table 15. A summary of the hierarchical multiple regression analyses for each of the four mangrove sustainability 
indicators. 

 
 

Predictive models for the four indicators making up the mangrove quality criterion had model fits 

from 43-74% variance explained, and for sustainability 27-66% variance. The standardised coefficient 

Betas (in units of standard deviation, column 6) allow them to be compared directly with each other. 

Criterion Indicator

Key Predictor(s) from 

Generalized Linear Model

Hierarchical Multiple Regression Model 

Predictors (max explained variance). 

Model uses the following measures

R2 

(model fit) 

Variance 

Explained

Standardise

d 

Coefficient. 

Beta t Sig.

Mangrove 

Sustainability

Juvenile 

Density Tree Density / ha Tree Height (m) -0.405 -2.085 0.043

Tree Density / ha -0.367 -2.117 0.04

Village Population 0.364 0.803 0.426

Mangrove Area per Person Amended (ha) 0.355 1.633 0.11

% Rhizophora  sp within a Transect -0.315 -2.045 0.047

Distance from a Town Amended (km) -0.217 -1.038 0.305

Village Effect -0.176 -0.407 0.686

Salinity 0.105 0.515 0.609

Distance from Transect to Village (km) 0.071 0.386 0.701

Size Class 

Distribution Village Effect Village Effect -0.486 -1.553 0.127

Tree Density / ha Salinity -0.422 -2.863 0.006

Village Population 0.367 1.12 0.269

Tree Height (m) -0.364 -2.587 0.013

Distance from a Town Amended (km) 0.336 2.211 0.032

Tree Density / ha 0.224 1.789 0.08

Distance from Transect to Village (km) -0.161 -1.195 0.239

% Rhizophora  sp within a Transect -0.071 -0.637 0.527

Mangrove Area per Person Amended (ha) 0.026 0.168 0.867

Cutting/ha Tree Density / ha Village Pop 0.823 2.323 0.025

Village Effect Village Effect -0.714 -2.17 0.036

% Rhizophora  sp within a 

Transect Tree Density / ha 0.578 3.961 <0.001

Basal Area % Rhizophora  sp within a Transect -0.488 -4.024 <0.001

Mangrove Area per Person Amended (ha) 0.361 2.181 0.035

Tree Height (m) 0.35 2.031 0.049

Salinity 0.271 1.574 0.123

Basal Area m2/ha -0.186 -1.521 0.136

Distance from Transect to Village (km) -0.185 -1.332 0.19

Distance from a Town Amended (km) 0.006 0.037 0.971

%PCQM 

trees with 

Cuts

% Rhizophora  sp. within a 

transect Village Effect -0.725 -1.578 0.122

Tree Density / ha -0.383 -2.088 0.042

Distance from a Town Amended (km) 0.357 1.599 0.117

Colour Key % Rhizophora  sp within a Transect -0.235 -1.444 0.156

Dark green, 

p≤0.001 Distance from Transect to Village (km) 0.189 0.956 0.344

Mid green, 

p≤0.025 Salinity 0.181 0.837 0.407

Light green, 

p≤0.05 Village Pop 0.119 0.248 0.806

Mangrove Area per Person Amended (ha) -0.068 -0.294 0.77

Tree Height (m) 0.02 0.098 0.922

0.27

0.65

0.37

0.66
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Similar to the GZLM, the positive or negative value of the Betas and t-test scores indicated the 

direction of the relationship (negative indicating an inverse relationship).  Using these standardised 

Betas from measures that have significant t-scores only, the figures below illustrate which simpler 

measures could be used to make up a model for each indicator, and how much each measure 

contributes to the mangrove quality indicators (Fig. 38) and mangrove sustainability indicators (Fig. 

39). Within the figures below, all negatives have been changed to positive to produce cumulative 

scores. 

 

Figure 38. Significant measures that could be used to form mangrove quality indicators and the amount each measure 
contributes.  

For example, for the percentage of canopy closure, which had a model fit of 72% (Table 14), the key 

measures that could predict the explained variance are salinity and the percentage of Rhizophora sp. 

in a transect (with tree density trending towards significance p=0.06), illustrated in Fig 38.  
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Figure 39. Significant measures that could be used to form mangrove sustainability indicators  

The hierarchical regression suggested that 65% of the variance for cutting levels was explained by 

the proposed model (Table 15, column 5).  In this more complex model, illustrated in Fig. 39, six 

measures that had a significant input into that model were village population, tree density, the 

percentage of Rhizophora sp. within a transect, the mangrove area per person and tree height. In 

addition, there was also an effect from changing village (t-score = -2.17, p=0.036).  
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4.5.7 Measures and Their Influence on the Predictive Models 

Combining the significant Betas of measures in a transposed direction revealed which measures 

were the most influential in the hierarchical regression models, Fig. 40.  For example, within the 

mangrove quality measures, where the explained variance ranged between R2 43–74%, the 

percentage of Rhizophora sp. within a transect and salinity were both influential predictors. These 

two measures were significant components within the model that explained 43% of the variance of 

the biodiversity indicator, measured by Simpson’s Diversity index.  

 

Figure 40. Illustration of the differing influence various components have on the potential mangrove quality indicators 
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For the mangrove sustainability indicators, the model predictions were less strong, with R2 scores 

varying from 27-66% (Table 15).  With the models for these indicators, tree density and tree height 

both influenced three of the four sustainability indicator models. For example, tree height and 

density were the main components of the model that explained 37% of the juvenile density variance, 

Fig. 41.  

 

Figure 41. Illustration of the differing influence various components had on the potential mangrove sustainability indicators 

 

Overall the R2 scores suggest that there is potential for compiling indicators from these measures.  It 

also appears that it is possible to avoid the use of components that are more difficult to measure or 

analyse, such as hemispherical photography for canopy closure, which can be substituted by easier 

to measure components, in this case, salinity and the proportion of Rhizophora sp. in a transect.    
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4.5.8 Suggested Indicator Weightings for Ranking Villages’ Mangroves 

Tables 16 and 17 below summarise the factors (3rd column) that had significant t-scores (6th column) 

from the regression analysis. In these two tables the indicators appear in order of model fit (R2 

score) as some models were more effective in explaining variance than others (highlighted by traffic 

light colouring from green to red).   

4.5.8.1 Weighting Within an Indicator 

This proposed weighting scheme (Table 16 & 17) allows measures to be combined, if there is more 

than one, in an appropriate manner to predict an indicator, weighted by the significance of the 

measures’ t-score(s).   

➢ 3 for t-scores of <3.5 (resulting in p<0.001) 

➢ 2 for a t-score of between 2.32 – 3.5 (i.e. p=0.001 to p=0.025) 

➢ 1 for a t-score of 2 – 2.31 (p=0.026 to p=0.05) 

For example, for forest structure complexity index (FSCI), as basal area’s t-score is strongly 

significant (p<0.001), the weighing factor is 3, but tree density’s input is less significant (t=2.84, 

p=0.007), and therefore received a lower weighting of 2.   For canopy closure intra-factor weighting 

is unnecessary as both salinity and percentage Rhizophora sp. have a similar t-score and significance 

and therefore receive a weighting of 2 each.  For tree condition rating, intra-factor weighting is 

unnecessary as there is only one significant factor (tree height).   

Table 16. A proposed weighting scheme for components that predict mangrove quality indicators 

 

 

Criterion Indicator

Hierarchical Multiple Regression Model 

Predictors (max explained variance). 

Model uses the following measures

R2 

(model fit) 

Variance 

Explained t Sig.

Suggested 

Factor 

Weighting 

Multiplier

Suggested 

Weighting 

for Inter-

Indicator 

Ranking

Mangrove 

Quality FSCI Basal Area m2/ha
0.74

5.871 p<0.001 3

Tree Density / ha 2.839 0.007 2

Canopy 

Closure Salinity -3.264 0.002 NA
% Rhizophora  sp. within a Transect 2.718 0.009 NA

Colour Key

Tree 

Condition 

Rating Tree Height (m)

0.52

2.066 0.045 NA
2

Dark green, 

p≤0.001

Mid green, 

p≤0.025

Simpson's 

Diversity % Rhizophora  sp. within a Transect -3.537 0.001 3
Light green, 

p≤0.05 Salinity -2.132 0.039 1

0.72

0.43

3

3

1



191 
 

Table 17. A proposed weighting scheme for components that might predict mangrove sustainability indicators 

 

4.5.8.2 Weighting Between Indicators 

In the final column of Tables 16 and 17, an inter-indicator weighting is suggested, in order to come 

to an overall mangrove quality or sustainability criterion score. This weighting also runs between 1-3, 

reflecting variance in the model fit score. This inter-indicator weighting could be adjusted depending 

on the management objectives stated for the mangrove (for example, high biodiversity or maximum 

timber production or full ecosystem function). The weighting proposed here is based only on R2 

strength of explained variance for illustrative purposes, rather than trying to comply with any 

specific management objective.  For want of an objective method of dividing the continuum of 

explained variance into a workable number of classes, we propose the following weighting, Table 18: 

Table 18. Proposed Weightings Between Indicators (For Illustrative Purposes) 

Proposed Indicator Weighting R2 Explained Variance Bands Subjective Effect Size 

3 65 - 100 Significant Effect 

2 50 - 64 Medium Effect 

1 20 - 49 Small Effect 

 

  

Mangrove 

Sustainability

Size Class 

Distribution Salinity -2.863 0.006 2

Tree Height (m) -2.587 0.013 2

Distance from a Town (km) 2.211 0.032 1

Cutting/ha Tree Density / ha 3.961 p=<0.001 3
% Rhizophora  sp. within a Transect -4.024 p=<0.001 3

Village Pop +1s 2.323 0.025 2

Village Effect -2.17 0.036 1

Mangrove Area per Person (ha) 2.181 0.035 1

Tree Height (m) 2.031 0.049 1

Juvenile 

Density Tree Height (m) -2.085 0.043 NA

Tree Density / ha -2.117 0.04 NA
% Rhizophora  sp. within a Transect -2.045 0.047 NA

%PCQM 

trees with 

Cuts Tree Density / ha

0.27

-2.088 0.042 NA
1

0.65

0.37

0.66

1

3

3
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4.6 DISCUSSION 

4.6.1 Interpreting Indicators for Mangrove Quality 

4.6.1.1 Canopy Closure (R2 72%) 

As others have found, increasing canopy closure was associated with reduced salinity (Table 14) (e.g. 

Walters, 2005b).  As less sunlight penetrated the canopy, the soil remained cooler and less soil water 

evaporated thereby keeping salinity lower.   In addition, a closed canopy was more likely to reduce 

rates of evapotranspiration from the tree canopies because of a more stable, ‘boundary layer’ of 

humid, slower moving air within a continuous canopy (Thomas, 2001).  As discussed in Chapter 1, 

Thailand and the Philippines’ mangrove stock is dominated by first generation Rhizophora sp. 

plantation, planted densely at 2 x 2m spacing between approximately 1990 and 2005. If fringes of 

low zone or pioneer mangroves were present, they were likely to be from natural regeneration and, 

like back mangroves, naturally more open.  High and low zone mangroves notwithstanding, tree 

density trended towards significance in the regression analysis and was significant in the GZLM as a 

predictor of canopy closure, as Rhizophora sp. planted this densely would quickly close canopy.    

4.6.1.2 Forest Structure Complexity Index (R2 43%) 

The forest structural complexity index (FSCI) is a combination of several attributes such as basal 

area, tree height, tree species, tree density, biomass, foliage arrangement, canopy cover and 

understory (McElhinny et al., 2005).  It is therefore no surprise that key elements of the index’s 

components are central to the predictive model for FSCI.  Particularly in combination, basal area and 

tree density are useful measures. A relatively high basal area can arise if there are a few very large 

trees, which by their nature will be well spaced out, or if there are many densely stocked smaller 

younger trees.  Tree density distinguishes between the two. Together these measures contribute 

much to a description the forest structure.    

Greater complexity is desirable if the management objectives are conservation and full ecological 

function. Greater structural complexity provides more niches and variations in conditions and 

resources and is therefore linked closely to (greater) biodiversity.   Greater complexity and 

biodiversity of mangroves are generally considered to produce greater ecosystem resilience (Bosire 

et al., 2008).   Structural complexity, which might allow other tree species to regenerate naturally, 

takes time to appear within a mangrove plantation, and in general high planting density excludes 

them, even decades after planting, as most mangrove species are shade-intolerant (Asaeda et al., 

2016; Barnuevo et al., 2016; Sillanpää et al., 2017; Walters, 2000).  No seedlings or recruits were 

found in the Philippine forests studied by Salmo III et al. (2013) until forests were 18 years old. 
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Mangrove plantations in Banacon Island, Philippines, still lacked understory and recruitment of non-

planted species 60 years after planting (Barnuevo et al., 2016).   In contrast, others have suggested 

that reforestation (even mono-specific plantations) eventually facilitated natural recruitment of 

propagules and seeds by reducing wave energy and trapping propagules (Bosire et al., 2003; Ellison, 

2000; Ferreira and Lacerda, 2016; Kairo et al., 2008).  The debate around this issue continues.    

One of the key objectives of government mangrove planting in the Philippines was to produce a 

green bio-shield to protect villages from violent winds and weather.  Unfortunately, even-age class 

stands with regular, smooth canopy tops reduce wind speeds less effectively than irregularly-topped 

canopies of uneven-age class plantations (Villamayor et al., 2016).   In contrast, if the management 

objective is in effect production forestry, even-age class plantations of a few species in a 

standardised form and regularly spaced are more appropriate.  Rhizophora-dominant plantations, 

common in Thailand and the Philippines, also take the extraction pressure off natural mangrove and 

terrestrial forests if villagers require timber for construction or firewood.   

4.6.1.3 Simpson’s Biodiversity Index (R2 43%) 

Both government post-concession, densely stocked replanting, and more latterly, government / 

village replanting (Chapter 1) lacked biodiversity (Kodikara et al., 2017b; Lewis, 2005), as 

demonstrated by the strong link between Simpson’s Diversity Index and the proportion of 

Rhizophora sp. in a transect (Fig. 37), and by disrupted natural mangrove zonation (Barnuevo et al., 

2016; Saenger, 2002; Sinfuego and Buot, 2014).   Planting very few species might have been 

exacerbated by limited knowledge of the other mangrove species’ utility and function (Asaeda et al., 

2016) and it has occasionally been reported (e.g. Walters, 2004) that local people weed non-planted 

species either consciously, or by their method of site preparation (Chapter 2).   Where there was 

significant natural recruitment of juveniles from other species, this occurred at the edges of stands 

(pers. obs.), suggesting that stand biodiversity had to be actively planned and planted into a project 

(Barnuevo et al., 2016). 

The relationship between increasing salinity and a reduction in biodiversity would be expected as 

increased salinity makes establishment and growth of juvenile mangroves more challenging or 

impossible for many species that are differentially less tolerant of salinity (Parida and Jha, 2010; 

Saenger, 2002) as Asaeda et al. (2016) and Kairo et al. (2008) also found.     

4.6.1.4 Condition Rating (R2 52%) 

Condition rating was positively associated with tree height.  Despite government mangrove 

management appearing to favour plantation development, after planting there was very little 

evidence of management activities that would be expected within a terrestrial plantation, such as 
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planned thinning of suppressed, stunted and poorly formed trees.  Hence, in developing plantations 

many suppressed or ‘drawn up’ trees were still alive, even though their stem diameters were too 

small for their height as they sacrificed girth for height in the competition for light. These were 

judged to have poor condition.  With time, these inferior trees would naturally self-thin and die off, 

leaving fewer trees of better a condition rating.  If tree height was a proxy for stand age36, as the 

forest matured the quality of the remaining trees will improve (Fig. 42).   

 

Figure 42. As tree heights increased and suppressed or ‘drawn up’ trees naturally die off, the condition rating of a forest 
improved. Line fitted with the 95% confidence interval levels. 

 

In both the GZLM and trending towards significance in the hierarchical regression changing village 

had an influence on this potential predictive model.   This is the influence of changing study village.  

Average tree height by village varied from 6.6m (village P1A), to 12.9m (village T3B), where the line 

in the middle of each box plot is the median height, Fig. 43.   

 
36 Care needs to be taken when equating stand height with age. Many factors can affect the tree growth rates, 
such as salinity, stocking density, nutrient levels, pollution, sulphides, inundation periods, acid sulphate soils, 
temperature, aridity / precipitation levels and herbivory.  It was unfortunate that neither government 
mangrove agency had accurate records of replanting programmes after the concessions. 
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Figure 43. Average tree height by village. With caution, this can be used as a proxy for stand age.  

Most were between 7m - 9.5m tall.  It is arguable that if most of the mangrove area for a village was 

planted at approximately the same time after the end of the charcoal concession, a village’s stands 

would all be of a similar height. This might explain the relationship between changing village and 

condition rating.   

4.6.2 Interpreting Predictive Indicators for Sustainability 

4.6.2.1 Size Class Distribution (R2 66%) and Juvenile Density (R2 37%) 

Like terrestrial forest management, it was assumed that the size-class distribution of a sustainable 

forest was characterised by a high density of juveniles and small trees, followed by progressively 

fewer trees as the stem diameter increased. Size class distribution and juvenile establishment are 

closely linked as the juveniles form one end of the distribution curve.      Therefore, when a large tree 

was harvested, fell victim to wind-throw or reached over-maturity and died, there were many 

juveniles and small trees already established ready to take its place in the canopy.  Increasing tree 

height was linked to a less ideal size-class distribution fit (i.e. a less good fit to an exponential curve) 

and to lower juvenile density. Plotted on a graph, an ideal tree size class distribution naturally fits an 

exponential reverse ‘J’ curve (Fig. 35).   

A high density of juvenile mangroves is key to forest sustainability, but plant establishment is 

influenced by many factors.   In a review Krauss et al. (2008) noted that shade and other mangrove 

factors inhibited understory development in mangroves.   Furthermore, inundation, differential 
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tolerances, sedimentary deposits, nutrient inputs to other bio-chemo-physical gradients (Alongi, 

2009b), differential propagule predation (Elster, 2000; Sousa et al., 2003) and salinity (Kodikara et 

al., 2017a; Wodehouse and Rayment, 2019) all affected the survival and distribution of mangrove 

juveniles.   In addition, juvenile establishment is affected by site type (e.g. river delta, over-wash, 

fringe, Twilley et al., 1999) and propagule size, as smaller propagules and seeds can move more 

easily with tidal flows into and within a mangrove, but are less likely to be retained in a forest than 

heavier, longer seeds such as R. apiculata and R. mucronata (van Der Stocken et al., 2015).  Mutual 

facilitation between young plants changes to competition as site recovery and establishment moves 

from early to later stages, balanced by self-thinning (Vogt et al., 2014). Crabs can greatly affect 

juvenile establishment by either eating or damaging propagules, and by species-specific predation 

(Kristensen and Alongi, 2006), but this behaviour is poorly understood. 

Although plantations might not exhibit the characteristics of a natural mangrove forest (Ellison, 

2000; Field, 1996; Lewis, 2005), they might at least contribute to the sustainability of the ecosystem 

by assisting the return of keystone crab species (Ferreira and Lacerda, 2016). In this study, perhaps 

with increasing height and therefore by proxy increasing age and canopy closure, fewer juveniles 

were able to establish within the increasingly shaded plantation due to mangroves’ general shade 

intolerance.   Within lower, younger stands there might be more space and light for juveniles to 

establish before canopies closed overhead.  Mature Avicennia sp. tend to produce many seedlings, 

able to survive below the parent tree, partly because the natural crown form of this genus is open 

and spreading, allowing light to reach the mangrove floor. Therefore, as Walters (2004) also found, 

juvenile numbers varied greatly from area to area, possibly masking other factors influencing 

regeneration.  In the absence of large trees dating from before the end of the concessions (i.e. more 

than 40 years old), conclusions should be drawn with caution.  

In this study, village T3B was an outlier because here there was no natural regeneration. The most 

likely reason for this lack of natural recruitment was that the normal hydrology had been disturbed 

by a dam across the main river running into this system, installed upstream to avoid saltwater 

intrusion into agricultural areas (Osbeck et al., 2010).  The result was a build-up of poorly drained, 

very soft substrate in the mangroves, similar to mudflat substrate, in which propagules struggled to 

establish and occasionally large trees fell over.  This led to the exclusion from the data analysis of 

most transects from village T3B because the size class distribution fit score (R2) to the exponential 

curve was poor for most transects (section 4.3.3.4).   Other outliers from other villages were due to 

having very large numbers of juveniles (top right of Fig. 36).  
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4.6.2.2 Levels of Cutting Including Cuts to Sampled Trees (R2 65%) – Species and Sizes 

In descending order of strength of relationship, higher cutting levels were associated with greater 

tree density and less Rhizophora sp. in a transect, and to a lesser extent a higher local population, 

greater tree height and greater mangrove area per person.  

An explanation might relate to the age and make-up of the stands and the informal rules around 

cutting (Chapter 3).  In Thailand some of the government mangrove agency field unit offices had 

informally sanctioned limited cutting by villagers for household use only, in theory supervised by the 

village leader and conservation group.  Generally, villagers were allowed approximately 50 stems per 

household per year (Table 9).  One of the two Philippine village leaders had previously sanctioned 

limited cutting by villagers for household use only until 2015 when the Philippine DENR asked for 

this arrangement to stop.    Otherwise, villagers were often harvesting small amounts of mangrove 

wood illegally whether they were allowed to or not (pers. obs.).   Both government mangrove 

agencies had let it be known that they were more likely to prosecute mangrove cutters who 

extracted mangrove wood from recently established government plantations (i.e. areas with a high 

proportion of Rhizophora sp. due to planting only this species), rather than other areas of mangrove 

which tended to be more diverse.  The Thai government agency had also asked cutters to spread 

their cutting rather than to clear-cut only one location.   Cutting large stems (i.e. >15-20cm DBH130) 

was challenging as their weight made them difficult and dangerous to handle.  If very tall, 

neighbouring trees would hold up the cut tree and also the sound of using a chainsaw within a 

mangrove attracted unwanted attention. Felling trees at the edge of a stand, directly into a channel 

increased the risk of being caught but was the only method of extracting very tall material (required 

for fish lift nets in village T3B).  Normally cutters went to younger, more mixed stands of Bruguiera 

sp. or Ceriops sp., outside government plantations, from which it was easier to extract more 

manageable stems of approximately 4-15cm DBH, as reported by others (Alongi and de Carvalho, 

2008; Dahdouh-Guebas et al., 2000; Walters, 2005a, 2005b).  As these stands were younger, they 

were still dense, hence higher cutting levels being associated with higher density stands, which had 

yet to self-thin.  

Mangrove cutting was a complex issue with several confounding factors such as outsiders cutting 

within a village’s mangrove.  As it is possible to measure cutting directly in a relatively simple 

manner, following the protocol described in section 4.3.4, direct measurement would be 

appropriate as well as using the predictive measures.   

Cutting levels and canopy closure were not related to each other, probably because the overall scale 

of cutting was too low to affect canopy closure ratios. As a result, even though the canopies of the 
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Philippine mangroves were significantly more open than Thailand’s mangroves, cutting levels in the 

Philippines only trended towards slightly higher levels of cutting. 

4.6.3 Potential Interaction between Juvenile Density and Cutting 

There was no correlation between cut stems / branches and juvenile density, as Walters found 

(2005b).  This suggested that cutting appeared not to be at sufficient intensities to facilitate juvenile 

numbers or affect canopy closure and leaf area index (LAI).  This is possibly because as cutting was 

normally spread rather than concentrated and openings were not large enough to provide sufficient 

light for juveniles.  Gaps within the mangrove needed to be of a reasonable size for natural 

regeneration to take place, as most mangrove species are shade-intolerant, with the partial 

exception of R. mucronata and A. marina which appeared better able to develop a shaded 

understory (Tomlinson, 2016).  This might be related to the selection criteria of villages (section 

2.3.1) as these purposively sampled communities still had mangroves that were relatively intact and 

a significant proportion of the village relied upon them, not villages whose mangroves had been 

converted or heavily degraded.      

The inverse relationship between biodiversity and tree height was possibly due to non-Rhizophora 

sp. plantation areas being more biodiverse and naturally more open, producing patches more 

conducive to natural regeneration and natural succession than tightly stocked plantation, allowing 

limited understory to develop in gaps which might include other species (Brockerhoff et al., 2009).  

Theses non-Rhizophora sp. areas were likely to have naturally regenerated in gaps left after the post-

concession planting of Rhizophora sp. plantations, therefore being younger and lower.  

Similarly, a higher local population and an assumed corresponding higher pressure on natural 

resources led to more cutting.  This was a complex issue because whereas local people wanted to 

cut and collect wood close to their home to reduce transport time and costs, this was balanced 

against the increased risk of being caught when cutting closer to their village.  Because cutting was 

illegal, cutters might venture further away from their village and find secluded creaks to avoid being 

seen and caught cutting.  In addition, they might have to travel to wherever the diameter, height 

and species of material required was available. 

4.6.4 The Effect of Increased Salinity on Mangroves  

In this study, salinity was likely to vary throughout the year as these mangroves were all river delta 

systems.  Increased salinity interacts with other factors such as soil type, tidal inundation, and 

species, (see Saenger 2002 for a review) producing confounding effects.  None of the salinity 

readings was extreme as might be seen in the Middle East (e.g. Abohassan et al., 2012) or the 

Saloum Delta, Senegal (pers. obs.), but there was evidence from the rehabilitation assessments 
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carried out in these villages (Chapter 1) that there had been occasional significant elevations of 

salinity in village T2A, indicated by deformed prop roots, prop root profusion, unexplained multi-

stemming of Rhizophora sp. trees at the top of the prop root profusion, and surface salt deposits 

nearby (pers. obs.).   High salinity was at least in part responsible for suppressed biodiversity 

(p=0.002) and FSCI scores (p<0.001). 
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4.7 CONCLUSION 

Governments around Southeast Asia are trying to decentralise resource management and encourage 

communities to take on a greater management role.  Community forest management implies that 

local people are able to make wise use of their forests including extraction of wood, rather than 

being excluded from them.  Monitoring this harvesting to ensure long term sustainability and the 

continued delivery of ecosystem benefits is difficult, not least because some of the indicators of 

forest quality and sustainability are difficult to measure, calculate or need expensive equipment.  

Additionally, the ecosystem is challenging to work in and travel through, which discourages 

government staff from conducing systematic surveys in the interior of dense mangrove stands.   

The proposed qualitative indicators for mangrove quality and sustainability criteria use forestry and 

bio-socio-physical measurements.   A measure of mangrove quality was derived from canopy 

closure, forest structure complexity index, Simpson’s (biodiversity) Index and an A-D tree condition 

rating.  Mangrove sustainability was assessed by measuring tree diameter size class distribution, the 

levels of stem and significant branch cutting and juvenile mangroves per unit area.  Assessment 

included whether the more difficult-to-measure factors could be predicted by alternative indicators 

that were easier to collect.  

Predictive indicators for mangrove quality appeared to work more effectively than for sustainability 

as the amount of explained variance was higher.   It was possible to predict more difficult-to-

measure indicators such as canopy closure levels, which required complex data analysis, by instead 

measuring a combination of salinity and the proportion of Rhizophora sp. within a transect.  

Similarly, size class distribution could be predicted by a combination of salinity, tree height and a 

village’s distance from the nearest town.  A weighting for these indicators was proposed for 

amalgamating them into quality and sustainability criteria.  I do not claim that these criteria are fully 

validated as Noss (1999) recommended, but they would allow the objective ranking of a group of 

mangrove stands, indicate change over time and facilitate the prioritisation of assistance to villages 

whose mangrove most need intervention and better management.  These proposed criteria should 

be tested in non-river delta situations and within mangroves that are more heavily degraded.  

If mangrove agencies’ role evolves into training and supporting communities in their mangrove 

management activities (Chapter 3), data collected for these criteria could be particularly useful to 

guide community-specific extraction rates, and community zoning within a village to help designate 

areas for usage, protected areas, exclusion zones for recovery from degradation and stands where 

marine creatures can be collected. 



201 
 

5 CHAPTER 5. IMPLICATIONS & RECOMMENDATIONS 

5.1.1 Rehabilitation: Poor Outcomes, Knowledge Gaps & Remedial Actions 

The first half of this thesis asked a straightforward question:  what happens when government 

mangrove agency staff and villagers plant mangroves?  It is an important question because this is 

how almost all mangrove rehabilitation is conducted.  The answer was surprising considering that a) 

the role of the government mangrove agency staff is to look after these mangroves, b) the villagers 

in question live within or adjacent to mangroves and c) together these two groups have a lot of 

mangrove rehabilitation experience. 

-o0o- 

It is encouraging that mangroves are increasingly part of global activities such as the Bonn Challenge 

(IUCN and the government of Germany37) and Global Mangrove Alliance38 (GMA), that they are a 

component of nationally determined (carbon storage) contributions39 and that they are discussed 

explicitly at international meetings such as the United National Framework Convention on Climate 

Change in Bonn40 (2019).  Moreover mangroves are the subject of a growing research interest, as 

demonstrated by the rise in attendance of mangrove-related conferences41 and increasing research 

output42.    

The poor planting outcomes discussed in Chapter 1 have several implications. Organisations such as 

the GMA have significant ambitions for increasing global mangrove area by 20% by 203043 - activity 

at a scale way beyond carefully managed, locally designed on-site projects.  Historically, the model 

for funding large-scale, national or regional projects has been capital transfer to the relevant 

government, as illustrated by programs such as the EU’s Coastal Habitats and Resource Management 

(CHARM44 2002-2007) project in Thailand.  Here the underpinning assumption is that national 

 
37 http://www.bonnchallenge.org/  Accessed 17.7.2019 
38 http://www.mangrovealliance.org/about/  This includes Wetlands International, Conservation International, 
WWF, The Nature Conservancy and the IUCN among others.  Accessed 17.7.2019 
39 https://www.ramsar.org/fr/node/46136  Accessed 27.7.2019 
40 https://unfccc.int/process-and-meetings/conferences/bonn-climate-change-conference-june-2019/bonn-
climate-change-conference-june-2019 
41 https://www.mmm5singapore.com/   the attendance of which has grown as each iteration to 350 in 
Singapore 2019. Accessed 17.7.2019 
42  2018-2019 ‘Mangroves’ as the search term on Google Scholar produced 15,700 hits, compared to 12,500 for 
between 2008-2009. 
43 http://www.mangrovealliance.org/gma/  Accessed 27.10.2019 
44 CHARM was a €20m co-funded project between the EU and the Royal Thai Government. 
http://www.agriconsultingeurope.be/en/references/coastal-habitats-and-resources-management-charm     
Accessed 27.7.2019   The administering department was Fisheries who competed with the Department for 

http://www.bonnchallenge.org/
http://www.mangrovealliance.org/about/
https://www.ramsar.org/fr/node/46136
https://unfccc.int/process-and-meetings/conferences/bonn-climate-change-conference-june-2019/bonn-climate-change-conference-june-2019
https://unfccc.int/process-and-meetings/conferences/bonn-climate-change-conference-june-2019/bonn-climate-change-conference-june-2019
https://www.mmm5singapore.com/
http://www.mangrovealliance.org/gma/
http://www.agriconsultingeurope.be/en/references/coastal-habitats-and-resources-management-charm%20%20%20%20%20Accessed%2027.7.2019
http://www.agriconsultingeurope.be/en/references/coastal-habitats-and-resources-management-charm%20%20%20%20%20Accessed%2027.7.2019
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agencies are sufficiently competent to use the money effectively.    Thus in the CHARM example, 

rather than provide technical support, education for improved mangrove rehabilitation activities or 

an independent review of previous activity, the EU transferred €8m to the Thai Fisheries Department 

which the Royal Thai Government matched with the same amount of money.   CHARM failed due to 

poor planting and livelihood outcomes and inappropriate use of money, and was stopped after its 

pilot stage. In light of this and other examples, funding groups such as the GMA might be well 

advised not to assume local mangrove rehabilitation competence but to budget for technical input 

and extensive education at all levels among other inputs.   

It appears to be difficult for government mangrove agencies or funding bodies to concede that their 

planting has failed or that they lack the technical ability to rehabilitate mangroves.  For example, 

Primavera’s mainstream media campaign (e.g. Primavera, 2015, 2013) in the Philippines has not 

prompted any admissions of poor outcomes or a change of practice by the Department for 

Environment and Natural Resources.  In a similar manner, some offices of the Forest Dept. of India 

persist in using ‘fishbone’ canal excavation techniques (Selvam et al., 2012a) despite the well-

documented technical problems inherent with this design and the requirement for expensive and 

continuous hand-dredging years after the initial work (K. Kandasamy, pers. comm.).  Similarly, a 

large-scale, (and well publicised) planting off the Senegalese coast funded by Danone has been 

conspicuous by the absence of independently produced, long-term survivorship data.  

These large and small-scale failures have consequences. Taxpayers’ money could have been better 

allocated to other development projects.  Without mangroves coastal villagers have fewer resources 

that facilitate independent and sustainable living.  Failure to (re-)establish protective ‘greenbelts’ 

has left areas of the Philippines vulnerable to the typhoons which frequently cross the archipelago. 

Longer-term, cynicism develops around external aid and the abilities of government agencies, which 

then discourages local participation in future projects (pers. obs.). 

5.1.1.1 More Appropriate Objective Setting from the Centre 

Improvements in mangrove conservation and management might come about if more appropriate 

objectives were set by mangrove agency central authorities for their field offices. Setting 

survivorship targets beyond three to five years rather than area or propagule targets has been 

 
Marine and Coastal Resources for control of the money and held different objectives. It is perhaps ironic that 
CHARM’s own website www.charm-th.com has been taken over by an online poker site.  

http://www.charm-th.com/
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discussed in Chapter 1.   Additional objectives could increase biodiversity45 of the megaflora and 

combat the developing problem of even-age class forest stands (M. Jenke, pers. comm.).   

Chapter 4 argues that biodiversity can be planned into rehabilitation activity either by planting a 

variety of species or by using MAP’s community-based ecological mangrove rehabilitation method 

(Appendix B) which facilitates natural regeneration of all species present.  

Effective education and the setting of more relevant targets could help change government 

mangrove agency staff mindsets from that of terrestrial production forestry to evidence-led 

mangrove management and a focus on optimal mangrove ecological function.  In addition, a switch 

to watershed-scale management (e.g. IUCN and WRI, 2014) would focus on the important mangrove 

connectivity to adjoining ecosystems (Huxham et al., 2018), thereby improving not only the 

mangroves but also seagrass beds and coral if present.   For funding organisations like the GMA, 

taking on this educational role among other activities would be a more effective way to sponsor 

large-scale rehabilitation programmes and improve the health of current mangroves than merely 

providing money for planting.   

These issues suggest that it would be worthwhile investigating the availability and accuracy of 

information about mangrove ecology and rehabilitation that is accessible to government staff and 

villagers. For villagers this might include knowledge handed down from parents and villager elders, 

village peers, previous village experience, experience from neighbouring villages, the internet, radio 

programmes, biology classes in school, training from NGOs and government extension officers.  

Government staff might learn from knowledgeable villagers, head office training, NGOs and 

academics, the internet including ‘Google Scholar’, rehabilitation manuals, colleagues and so on.  It 

appears from Chapters 1 and 2 that some of these potential sources of information have had only a 

limited impact, perhaps because of quality, availability, access or format. For example, research 

papers published in academic publications, including so-called high impact academic journals, 

appear to have had very limited impact on policy and do not demonstrably change the behaviour of 

mangrove workers because their narrow influence does not reach far beyond academia.  

In contrast there are sources of misinformation and confusion. Arguably, by allowing mangroves to 

be under concession, governments previously implied that these ecosystems have limited value 

 
45 It was a concern that there was a lack of understanding of the importance and benefits of biodiversity and 
structural complexity. Within the research period, biodiversity was very rarely discussed. No government 
officer indicated that they were being encouraged to increase biodiversity, and some of their actions reduced 
it.   It appears that lessons from the problems of other single-species systems, such as the collapse of shrimp 
aquaculture due to ‘early mortality syndrome’ (e.g. De Schryver et al., 2014), have not changed the behaviour 
of government mangrove agency staff. 
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beyond the price of their timber, even when this is (partially) mitigated by increased planting efforts 

since the concessions.  It is encouraging that NGOs and governments are conducting mangrove 

rehabilitation projects on their own as well as with villagers, but these are often subject to poor site 

/ species matching (i.e. blanket planting of Rhizophora sp., interviewee T3B#43), thereby setting an 

inappropriate example.  Younger generations of villagers might assume understandably that the 

even-age class Rhizophora sp. dominated mangroves that they see around their villages is normal, 

never having seen front fringe of pioneer species or significant back mangrove. The absence of 

systematic reviews of planting activities, techniques used, decisions taken and resulting outcomes is 

a missed opportunity to provide clear feedback to villagers and government mangrove agency staff 

and improve subsequent activity.  These missed opportunities and misperceptions might explain the 

apparent contradiction between villagers’ knowledge and the translation of this knowledge into 

appropriate activity on the ground. For example, the science test in Chapter 2 showed that the 

villagers had a good conceptual understanding of the importance of good hydrology for mangrove 

rehabilitation, but this did not lead to action in the field, where they would not act to clear channels 

blocked by debris or sediment. 

5.1.2 Management Rules, Sanctions, Enforcement and Leadership 

There were restrictions on mangrove cutting in one form or another in all villages; either national 

laws and / or community rules. Community forest management (CFM) might be favoured by 

academics and well aligned with a rights-based approach to development, but from a more practical 

point of view, there is little alternative. Most governments have too few resources to effectively 

patrol and enforce regulations at a community level for such a diffuse resource, (e.g. Tanzania, 

Colombia, Cambodia, Myanmar pers. obs.).   Villagers themselves were the first to acknowledge that 

‘open access’ cutting rights to the mangroves, would lead to rapid depletion and degradation of 

their mangroves.  Many of the older villagers had experienced the consequences of losing all their 

mangroves during the mangrove concession era, witnessing first-hand the drop in marine 

productivity, significant soil erosion, the destruction of the adjacent sea grass and coral due to 

sedimentation and warmer drier local weather. In addition to education, using methods that have 

been effective in reducing illegal wildlife hunting to reduce cutting (and including learning from 

Nilsson et al.'s 2016 realist synthesis) might be a constructive way to change attitudes and social 

norms.       

Chapter 3 revealed that providing CFM advice to villages needs to be done with great care. The Thai 

government mangrove agency field staff had received some guidance (Appendix K) for establishing 

CFM but would perhaps benefit from understanding the experience in Myanmar where ‘Community 
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Forest Instruction’ is further advanced (Springate-Baginski and Than, 2011) albeit not without 

problems (W. Maung pers. comm.).  Templates for community forest management rules provided in 

good faith by the Thai mangrove agency were indeed successful in initiating discussions.  However, it 

appeared difficult for villagers to develop ideas beyond the template, thus producing the impression 

for many residents that the government had imposed these regulations on the village.  Therefore, 

rather than provide a rules template or a prescriptive list of essential conditions, funding 

organisations such as the GMA could commission neutral, professional facilitation organisations to 

officiate village CFM discussions in a more non-directive fashion. These discussions could be guided 

by the general pre-requisites suggested by Ostrom (1999, 1990) and others (Chapter 3.6.2), since it 

seems that many of the specified conditions are relevant to mangrove communities, but conducted 

on a village-by-village basis to take into account village-specific issues that Agrawal (2001), and Cole 

and Ostrom (2010) recognised as being so important.  After adoption and a period of testing, the 

rules should be reviewed by the village, problems identified and new ideas tested, with other 

evidence-based best practice solutions provided from outside. The process of developing community 

rules (operational rules in Agrawal and Ostrom's terms, 1999) could also improve the skills needed 

to manage a potential transfer of property rights within a Community Forestry Act, transferring 

rights related to the mangroves from governments to an appropriate form of common-property 

resource management. In addition, appropriate mechanisms for the development of activity-

restricting community rules and sanctions would be useful because villages commonly have other 

specific challenges, such as solid waste management (Suriname, Sri Lanka, Senegal pers. obs.), crab 

harvesting restrictions (Thailand, Myanmar, pers. obs.) and drug related issues (Honduras, Kenya, 

Thailand, pers. obs.) that they need to negotiate internally. 

A topic conspicuous by its limited coverage in the scientific literature and conference presentations, 

despite being the mirror to effective rehabilitation, is the protection and preservation of exiting 

mangrove.  In order to patrol mangroves effectively, central funding and commitment from 

governments is necessary.  Anecdotes about providing field offices with government patrol boats 

but with no money for fuel or maintenance (Thailand, Tanzania, pers. obs.) are too common to be 

baseless.   Making sure villagers are fully aware of all the values of mangroves and how reliant they 

are on the ecosystem goods and services that healthy mangroves provide might encourage passive 

patrolling by village fishermen and marine creature harvesters.  The provision of radios to village 

fishermen would speed reporting of rule-breakers, as was demonstrated in village T2A.  Patrolling 

without effective enforcement of the sanctions is, however, of limited value but enforcing rules and 

implementing sanctions are understandably very difficult for leaders when a good proportion of 

villagers are friends or family, and all adults were voters.   If a miscreant was successfully 
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prosecuted, word of this event would travel far and fast, but equally if offenders were let off this 

also sent a powerful message (interviewee P1B#04).   A young Thai village leader, not in these 

research villages, avoided this problem by appointing a group of respected elders from a diverse 

selection of families within his village, to adjudicate on rules infractions, inappropriate behaviour 

and sanctions within this village.   The selection of elders from across the families neutralised any 

potential bias of this group and the arrangement worked well. Group judgements had greater moral 

authority than the decision of just one person and avoided a backlash against the village leader, who 

was then able to carry out other difficult tasks.  Having a neutral group of elders might also help 

avoid the problem in the Philippines of the relaxation of mangrove wood extraction rules (and 

terrestrial forest clearance controls) during a village leadership election campaign 46.   

Most leaders said that they preferred to apply sanctions within the village because the legal system 

was unpredictable. As observed by one villager in T1B, at the time of research in Satun Province, the 

jail time for being convicted of cutting mangroves by a court was longer than for that of a rape 

conviction.   Cases handled outside the village had to involve the police and courts. These organs of 

the state were variable and unpredictable because the government mangrove agency field office 

director, local police and local judiciary all had to be cooperative and willing to prosecute, which was 

not always the case.     

5.1.3 Mangrove Inventory, Quality & Sustainability 

As many of the Thai government staff explicitly stated, if a village was prepared to manage and 

conserve its mangrove, the village should be able to benefit from it, as long as this was done in a 

sustainable manner. This would include providing for their needs for wood and timber.   As 

described in Chapter 3, some villagers were informally allowed to extract a limited amount of 

mangrove wood for their own use each year.  However, whether the authorities gave permission or 

not, local people were often going to cut and extract mangrove wood, not for sale or charcoal but 

for their immediate needs. Cutting and extraction is a complex issue. Experience from terrestrial 

CFM suggests that proximity to roads and towns might affect extraction rates. Where material they 

required was present (i.e. diameter, species), villagers sometimes cut in neighbouring communities’ 

mangrove, if they could do so without detection, or if a deal had been agreed with a corrupt village 

leader (as was the case in a village near T2B).   Outsiders from further afield might extract wood 

from a village’s mangrove on an informal basis, as happened to village T3A’s mangroves, or for more 

commercial, systematic reasons, such as is occurring along the Myeik archipelago, Myanmar, for fish 

 
46 Village elections are hugely problematic and ethically challenged in both countries but essential as Thai 
leaders who were elected for life often lost interest in their role and failed to discharge their duties to the 
village. Unfortunately, the discord from the election sometimes poisoned relations for years after an election. 
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processing (Zockler, 2016), or within the Rufiji Delta, Tanzania for commercial sale (Tanzania Forest 

Service, per. comm.).  The concern here is that extraction rates and the impact of extraction is not 

being quantified by either the Thai or Philippine government.  Specifically, neither government 

conducts systematic regular transects with the coverage and sampling necessary to monitor 

extraction levels or to determine the effects this has on the delivery of ecosystem goods and 

services.  Chapter 1 demonstrated that villagers and government staff could not be depended on to 

restock degraded mangroves reliably and effectively, and therefore any extraction cannot be 

regarded automatically as (sustainable) production forestry. This is not to criticise these two 

countries unduly because very few states monitor mangrove harvesting in any detail and moreover, 

what level of harvesting constitutes a sustainable yield from a particular mangrove is often poorly 

understood.  

Satellite and drone remote sensing using hyperspectral scanning and 3D LIDAR may soon be able to 

model forests and monitor extraction to the resolution necessary (i.e. individual trees, D. 

Lagomasino, pers. comm). Until such technology evolves and becomes available to government field 

offices at a price and complexity that is manageable, monitoring will need to continue on the 

ground.  For governments, effective ground-level extraction monitoring requires huge resources in 

an ecosystem that is notoriously difficult to work in. Surveys are challenging to conduct because of 

extremes of temperature and humidity, hazardous animals and insects, soft mud, tides, interlocking 

prop roots and the corrosive effects of salt.  The understandable temptation is to monitor 

mangroves only from a nearby road or by boat, but conditions in the interior of a stand can be very 

different to the apparent continuous forest at the dense edge of a stand. 

The Kenyan experience demonstrates that a quota system for allotted mangrove extraction is likely 

to be abused (Dahdouh-Guebas et al., 2000) in the same manner that the 50 stems per household 

limit was being abused in Thai villages (Chapter 3).  Unlike fisheries monitoring where catches can be 

measured when landed at a dock or in a local fish market, villagers had no effective method for 

quantifying offtake by these community mangrove management arrangements.   Therefore Chapter 

4 suggests easier ways that NGOs or even villages might assess their own mangroves, without having 

to master the use of previously established but complex (terrestrial) forest indicators. The hope here 

is that the easier these measures are to use, the more likely they will be applied.  

Two criteria would be appropriate in this context: the quality of the mangrove and whether it is 

being negatively affected by ‘wise’ use47, and whether this use is sustainable.  Substitute measures 

appeared to predict their corresponding indicator more closely for mangrove quality indicators than 

 
47 E.g.  https://www.wetlands.org/blog/maimuna-mangroves/ 

https://www.wetlands.org/blog/maimuna-mangroves/
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for mangrove sustainability. Needless to say, both raise issues of definition.  What was not 

attempted here was any direct measure of ecosystem function or quantification of maximum 

sustainable yield. Similar to assessing carbon stocks in mangrove soils (e.g. Kauffman and Donato, 

2012), yield assessments should take into account mangrove type and site-specific factors including 

rates of covert extraction by cutters from outside the village.  

 

The common denominator and choke point concerning many of these issues is village leadership.  

Poor or unethical leadership might discourage civic engagement by the general populace in activities 

such as passive patrolling of mangroves or taking part in planting (pers. obs.).  In India the issue of 

village leadership is even more complex because the village leaders are also political agents for 

various national parties (pers. obs.). Disengaged or self-interested leadership is unlikely to be 

interested in sourcing help for their village to establish community mangrove management rules, 

nor will they have much interest in punishing miscreants. Similarly, poor leadership might inhibit 

other development programmes, from drug awareness campaigns to encouraging children to learn 

how to swim.  Because village heads become government civil servants in Thailand, it is sometimes 

difficult for a village conservation group leader to circumvent a recalcitrant village leader if sanctions 

require external support.  To this extent, it is perhaps surprising that village leadership has not been 

subject to more research. 
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5.2 RECOMMENDATIONS: LOCAL OR VILLAGE MANAGEMENT TASKS 

In this final section, I offer from a personal perspective, recommendations to each of the various 

groups of actors that I have encountered during this course of my studies. 

5.2.1 Village-Level Assistance for Villagers and Village Conservation Groups 

➢ Provide environmental education for villagers focusing on mangrove ecosystem goods and 

services. Villagers who are fully aware of the benefits of the mangrove will hopefully be less 

likely to degrade them and more likely to accept and follow community mangrove 

management rules. 

➢ Provide technical training and long-term support for village conservation group members.  

Capacity building to help villagers identify appropriate sites and the techniques to 

rehabilitate mangroves in a biodiverse manner, including community-based ecological 

mangrove rehabilitation (Appendix B).  

➢ Train conservation group members to be able to recognise mangrove stands that are 

stressed or unhealthy due to poor hydrology or other factors and disseminate techniques to 

improve their health. 

➢ Provide non-directive meeting facilitation to develop village-specific mangrove management 

rules.  

➢ Assist village conservation groups with management planning, mangrove zoning (e.g. usage, 

no-go, thinning, eco-tourism zones…) 

➢ Use output from Chapter 4 to monitor each village’s mangrove in order to rank and prioritise 

villages that need most assistance. 

5.2.2 District or Provincial Level Government Units 

➢ Identify and establish regional best practice villages. 

➢ Facilitate study tours to these communities to enable other villagers and conservation group 

members to witness examples of good rehabilitation practice, management planning, rules 

establishment, sustainable livelihoods and sanctions mechanisms.  Villager-to-villager 

education can be hugely effective, particularly within Muslim communities (pers. obs.). 

5.2.3 Government Mangrove Field Offices 

➢ Include relevant field office staff in village training sessions (above). 

➢ Redirect the emphasis away from planting targets towards alternative management tasks, 

particularly mangrove protection and conservation. 
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➢ Focus on recovering aquaculture ponds from encroachers and rehabilitate these areas back 

to mangrove with appropriately connected hydrology (i.e. not the impounded system 

common in Vietnam where mangroves are used for pond wall stabilisation. The lack of 

connectivity results in the full suite of ecosystem benefits not being delivered, pers. obs.). 

➢ Plant only when proved necessary, otherwise use facilitation of natural regeneration of 

mangroves where at all possible. 

➢ Establish mangrove biodiversity targets and provide training for how to use appropriate 

indicators  

➢ Reduce the potential even-age class issue of the current Rhizophora sp. plantations that 

dominate Thai and Philippines mangroves (M. Jenke, pers. comm).  Trial creating canopy 

gaps within monospecific plantations to encourage the natural regeneration of other 

species. If necessary, introduce propagules and seeds of other species or plant other species 

suitable for the site. 

5.2.4 National Mangrove Agencies 

➢ Focus on areas and the mangroves therein that are most vulnerable to severe weather such 

as expected typhoon tracks. 

➢ Promote the development and ascent of national legislation that enables field office 

directors to take back aquaculture ponds to state ownership and control, using the courts 

and police if necessary. (Within the current legal framework, this is difficult.) 

➢ Using suitable examples from abroad, explore the potential benefits and pitfalls of 

transferring the property rights and governance of mangroves from the state to 

communities or some devolved level of authority, as this often results in better management 

(Waylen et al., 2010). 

➢ De-couple field office budgets from area targets, propagule planting targets or planting 

activity. 

➢ Change from area / propagule planting targets to survivorship over an agreed time period 

such as five years 

➢ Establish biodiversity targets. 

➢ Establish a mechanism to disseminate systematically the relevant scientific literature to field 

office workers, in an appropriate form and language, and link staff promotion to absorption 

and application of such knowledge.  Develop an education programme for field office staff 

that covers climate change, sea level rise and the practical implications for mangroves (i.e. 

facilitating migration of mangroves to higher elevations and inland).  Facilitate ongoing study 

tours programme for field officers to learn about  
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o mangrove hydrology and hydrological failures 

o appropriate site selection 

o the appropriate use of pioneer species 

o successful community management case studies. 

➢ Define more appropriate management tasks for each field office, focusing on protection and 

conservation of existing mangroves, forest management planning and activities which 

facilitate the recommendations mentioned above.  

5.2.5 Mangrove Scientific Community, International NGOs, Relevant UN Organisations 

➢ Commission independent, nationwide reviews of rehabilitation outcomes to date.  

➢ Disseminate output from such reviews widely and used these to start discussion with 

national mangroves agencies about the need for a change of approach, (see the activities 

above). 

➢ Avoid transferring funds to national mangrove agencies that propose plans for area targets, 

mangrove plantation establishment and support current activities.   

➢ Design programmes that last for a minimum of eight to 10 years, using well trained 

extension officers and sufficient technical training, support and on-going monitoring, 

following the recommendations above. 

➢ Part of this program would be further research examining the attitudes of villagers to 

rehabilitation, cutting and mangrove conservation; the social norms within these villages 

and perceived behavioural control over these activities. This research could monitor the 

effects of the recommended education and training and in conjunction with Nilsson et al.'s 

(2016) recommendations, ascertain other activities needed beyond education to conserve 

existing mangroves and rehabilitate more successfully. 

➢ Reproduce academic papers in an appropriate language and form suitable for field officer 

education programmes, focusing particularly on their practical application.  

➢ Place greater emphasis and support for research with direct applicability, i.e. activities that 

consider the conservation of existing mangroves, the enforcement of rules and sanctions 

and mangrove community forest management.  
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APPENDIX A. MANGROVE ECOSYSTEM GOODS AND SERVICES 

Ecosystem goods and services are categorised by the Millennium Ecosystem Assessment (2005). This 

provides a useful way to classify and describe mangrove’s ecosystem services; supporting, 

regulating, provisioning and cultural. 

 

PROVISIONING: A RANGE OF FOREST PRODUCTS  

Sustainably managed, mangroves are a renewable source of wood for construction (Dahdouh-

Guebas et al., 2000) and cooking, directly or as charcoal (Walters, 2005a).  Other uses of the wood 

include material for fish traps (Walters, 2004) or fulfilling other local needs such as house repair 

(López-Hoffman et al., 2006).  Nipa palm (Nypa fruticans) leaf fronds are used for roofing panels and 

cigarette papers, and the juice from a cut fruit peduncle produces sap for vinegar production (Aung 

et al., 2011; Primavera et al., 2004; Primavera and Esteban, 2008; Walters, 2005a).  Phoenix 

paludosa palms provide long-lasting fibres for the production of craft items such as mats and pots 

(Aung et al., 2011). The bark of many mangrove trees contains high levels of tannins, particularly the 

Rhizophoraceae family (FAO, 1994), which are used for dying and tanning and can also be used to 

preserve wooden canoes and boats by sealing up tiny pores in the wood (Dahdouh-Guebas et al., 

2000). The leaves of some species, particularly Avicennia sp. are used as high-quality fodder due to 

their high nitrogen content (Dahdouh-Guebas et al., 2000).   Rhizophora sp. bark can be beaten off 

and burnt at dusk to repel mosquitoes (pers. obs., Myanmar 2011).  Medicinal preparations can be 

made from the bark of Avicennia marina (Dahdouh-Guebas et al., 2000) and some of the mangrove 

herbs (Primavera et al., 2004), e.g. the leaves of Acanthus ilicifolius for the treatment of liver cancer 

(Sultana et al., 2014). Being largely insect-pollinated, mangrove stands provide a suitable location for 

beekeeping which produces honey and bees wax (Nagelkerken et al., 2008), and the mangrove 

forests are important habitats for shellfish, finfish, crabs and crustaceans (Alongi, 2002). 

A Strong Correlation between Mangrove and Fisheries but little Causality 

Many marine species use the mangroves for part of their life cycle (Walters et al., 2008). Some use 

the mangroves when available, before retreating to seagrass beds or coral reefs when the 

mangroves are inaccessible (Sheaves, 2005).  Other species spend all their lives in mangrove forests, 

while others move in and out with no fixed dependency on any one ecosystem (Manson et al., 

2005).    Fisheries productivity appears to be strongly related to tidal range and availability of organic 
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matter (Lee, 2004), i.e. the accessibility of the inter-tidal area, not just mangroves (Sheaves, 2005), 

and an increase in mangrove cover has been linked to a net gain of faunal numbers (Manson et al., 

2005).  

The value of mangroves to marine life has been summarised in a review by Manson et al. (2005). 

These include:  

➢ Structural complexity providing many refugia of differing sizes for juvenile marine creatures 

to hide in and reducing visibility of juvenile larvae. With less time spent hiding, the creatures 

can feed more and grow more quickly 

➢ Mangroves have areas of shallow waters which bigger predators find difficult to access 

➢ Mangrove trees provide overhead cover, reducing sunlight and visibility, cooling the water 

(which can therefore hold more oxygen) and making it more difficult for birds to find prey 

➢ Turbidity, further helps hide small fish and larvae 

➢ Higher nutrient levels due to ‘lateral trapping’ (Wolanski, 2007), concentrating nutrients 

from river water heading downstream, and seawater moving inwards. This increases net 

primary productivity 

➢ Within the mangroves there is slower moving water which is easier for zooplankton and 

larvae to move through without being swept away 

➢ Mangroves also have soft muddy substrate that creatures can easily bury into for protection. 

 

This variation and complexity of habitat provides many different types of food stuffs, forms of 

protection and niches to occupy, therefore reducing intraspecific competition.  

The assumption of the link between mangroves and fisheries productivity is not just held by the 

scientific world but also by coastal folk (Sudtongkong and Webb, 2008 in Thailand; Katon et al., 

1998; Philippines; Mumby et al., 2004 in Belize).  In Krabi Province, Thailand, villagers in the Krabi 

Estuary reported a significant decrease in their fish catches when large areas of mangrove were 

clear-felled for charcoal production (Wodehouse 2009 unpublished, but see Badola et al. 2012).  

In his review of commonly held mangrove assumptions Alongi (2009b) draws attention to this widely 

assumed link between mangroves and adjacent fisheries productivity. He points out that it is very 

difficult to demonstrate causality or establish the link empirically, and few researchers have 

attempted it successfully. Despite the lack of causal data, there are many correlations and 

associations (Lee, 2004; Manson et al., 2005).  For example, a greater abundance and diversity of 

fishes are observed in bays with mangrove in Curacao in the Caribbean than bays without 

mangroves (Sheaves, 2005).  These relationships need to be read with caution as the scale used 

affects the correlation found due to the ‘modifiable areal unit’ problem.  
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SUPPORTING 

Supporting services enable other ecosystems to function appropriately, e.g. photosynthesis leading 

to primary productivity. 

Net Primary Productivity Similar to Tropical Rain Forest 

Although not all mangroves are particularly productive, as hypersaline conditions or cold can stunt 

growth, improvements in measurement technology have revealed that mangrove net primary 

productivity (NPP) can be similar to that of tropical rain forest (Alongi, 2009a).  NPP is the amount of 

new plant material produced (biomass accumulation) as a result of photosynthesis, net of the plant’s 

own respiratory needs.  Alongi (2009a) compared data sets from experiments looking at gas 

exchange, litterfall, litterfall and incremental trunk growth, leaf nodes, light attenuation (including 

photon flux density and leaf photosynthesis, related to leaf area index) and demographic / allometric 

studies.  Analysing the strengths and weaknesses of each method, Alongi (2009a) estimated that 

mangroves produce a dry weight increment of 64 tonnes/ha/year, measured above and below 

ground. When compared with tropical rain forests, and looking at above ground biomass only, the 

figure is closer to 11 dry weight tonnes/ha/year, which is similar to tropical forest (Alongi, 2009a).  

This emphasises the importance of measuring below ground carbon cycling and storage.  He 

recommended light attenuation was the most accurate form of measurement, acknowledged a 

considerable range in measurements and a highlighted an inverse relationship with latitude. 

Carbon Sequestration and Storage 

Like most other forest systems, mangroves sequester carbon by assimilating CO2 by photosynthesis. 

Most assimilated carbon is lost in respiration or allocated to root production (Alongi, 2002). 

Mangroves store 168 ± 36 gCm-2yr-1, second only to salt marshes (Taillardat et al., 2018).  The 

amounts stored are difficult to measure as 49-98% of this carbon is stored below ground, and this 

storage is affected by variable deposition of organic material, erosion dynamics, inundation levels 

and disturbances (Donato et al., 2011). This site-specific variability and the poor correlation between 

above and below ground carbon quantities suggests that site-by-site measurement is required.  

Significant carbon storage is of great interest to potential funders of coastal development 

programmes in the form of ‘blue carbon’ projects (e.g. Huxham et al., 2010 in Gazi Bay, Kenya). 

REGULATING: NUTRIENTS, WEATHER, CRABS AND BIODIVERSITY 

Regulating services provided by an ecosystem might relate to pollination, biological control, nutrient 

cycling, air and water quality maintenance, temperature regulation, microclimates and maintenance 

of biodiversity, (Bosire et al., 2008; Gilman et al., 2008; Nagelkerken et al., 2008).  



246 
 

Removal of Sediment and Nutrients from River Water 

As river water or ebb flow passes through mangroves the resistance offered by the mangrove trees, 

prop roots, drop roots and pneumatophores slows the water flow. This reduction in speed, together 

with mixing of fresh river water and ionic, saline seawater allows suspended solids present in the 

river water to flocculate and settle out of suspension, potentially forming new mangrove sediment 

(Mazda et al., 2003). This can lead to accretion and stabilisation of soil to form new land (e.g. in 

Bangladesh, Field, 1999; the Matang Plantation in Malaysia, Alongi, 2002) and avoids seagrass and 

coral being smothered by sediment, thereby maintaining their health (Kuhlmann, 1988; Moberg and 

Rönnbäck, 2003). In reverse healthy seagrass oxygenates water flowing up into the mangrove, 

thereby improving water quality. Thus these ecosystems are dynamically linked and this link is 

important for sustainable development (Alongi, 2002). 

Furthermore mangroves and the algal and bacterial mats on the mangrove mud can reduce the 

nutrient load in the water, reducing the risk of eutrophication, ‘red tides’, and algal epiphytes 

growing on seagrasses and coral, which reduce their photosynthetic ability (Moberg and Rönnbäck, 

2003). Mangroves can also absorb nutrients from urban sewage (Herteman et al., 2011) although 

this is affected by the type and frequency of discharge, tidal range, hydrological dimensions, climate 

and plankton productivity and abundance (Trott and Alongi, 2000).    

Protection from Waves, Storms, Wind and Tsunamis 

Coastal communities are vulnerable to extremes of weather and climate change (McIvor et al., 

2012). Mangrove’s ability to protect people and communities from the forces of nature was brought 

in to focus by the Indian Ocean tsunami of 2004 and Cyclone Nargis48 of 2008, despite mangroves 

generally preferring low wave and wind energy habitats (Saenger, 2002). The protective role of 

mangroves and their wave attenuation from storms and cyclones has been well documented (Mazda 

et al., 2003; Wolanski, 2007). The protection provided by mangroves is a function of the depth of 

near-shore water, mangrove quality, mangrove structure, species, wave height and frequency 

(McIvor et al., 2012) and is a significant motivation for planting and afforestation (Iftekhar and Islam, 

2004; Springate-Baginski and Than, 2011; Walters, 2004) particularly in the Philippines (Chapter 1).  

While mangrove’s protective ability is understood for storms and cyclones, there is still debate about 

protection from tsunamis (e.g. Forbes and Broadhead, 2007).   Cochard et al. (2008) provided a 

summary of the tsunami protection debate, highlighting the complexity of wave attenuation, 

 
48 For more details of cyclone Nargis https://noaahrd.wordpress.com/2018/05/02/tenth-anniversary-of-very-
severe-tropical-cyclone-nargis/ (Accessed 13.02.2019). 
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highlighting the variable wave energy and speed, and pointing out that the key factors that effect 

on-shore damage are distance from the epicentre, near-shore bathymetry, flow diversion and 

funnelling. Therefore mangroves can play only a minor role in protection of coastlines from 

tsunamis.   This is supported by Pulukkuttige and Dahdouh-Guebas (2012) who advised caution 

about generalisations concerning mangrove’s protective abilities from tsunamis when they are not 

validated by scientific investigation. 

Crabs’ Varied Diet, Carbon Cycling and the Linkage with the Inshore 

The traditional view of mangroves and their value to the marine ecosystem was that mangrove 

forests exported much leaf, flower and twig detritus, and this formed the basis of the inshore food 

web (Odum and Heald, 1975).  However, it has become clear recently that this model oversimplifies 

the situation. Alongi (2002) would agree that the food web is ultimately driven by the fixation of 

carbon by mangrove tree photosynthesis, and that approximately 20-30% of NPP is exported in 

pulses (Granek et al., 2009) as dissolved and particulate organic matter to the surrounding waters. 

This notwithstanding, grapsid and ocypodid crabs stop a portion of the detrital material being 

exported by eating it and / or burying it as fragments, thereby keeping a lot of the nutrients within 

the mangrove system.  In turn their waste is ingested by coprophagous organisms (Kristensen and 

Alongi, 2006).   In addition, detritus from mangrove trees is only part of the crabs’ diet as various 

types of algae are preferred. Grapsid crabs also ingest bacteria, protists and fungi from the sediment 

(Skov and Hartnoll, 2002), assimilating bacteria very efficiently (Kristensen and Alongi, 2006).  This 

makes nutritional sense as a diet of only mangrove leaves and detritus would be very high in carbon 

in relation to nitrogenous compounds. Burying the leaves in burrows does not sufficiently change 

the carbon : nitrogen ratio (Skov and Hartnoll, 2002). 

Crabs selectively predate mangrove propagules, thereby affecting the composition of a stand. Their 

burrows aid the flushing of mangrove soils, reducing soil anoxia, increasing soil surface roughness, 

improving conditions for microorganisms in and on the soil, and improving the overall stability of the 

ecosystem (Kristensen and Alongi, 2006). 

Mangroves are an Important Store of Microbial Diversity 

Arguably, at a macro-flora level, mangrove biodiversity is not that significant compared to other 

tropical forest types (Saenger, 2002). However, the species richness of bacteria, virus, fungi and 

protists is much greater, with the number of species of bacteria, for example, running into the 

thousands (Alongi, 2009a). This in turn supports high invertebrate, insect, crab and bird diversity, as 

well as epibionts such as sponges, bromeliads and orchid epiphytes on the trunks, prop roots and 

pneumatophores, resulting in a ‘mosaic of vertically zoned organisms’ (Alongi, 2002). There are 
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highly complex and evolved relationships between mangrove trees and soil bacteria, which appear 

to be supplied by the tree with oxygen, in return for fixing nitrogen, solubilizing phosphorous, and 

favourably changing the competitive soil bacteria balance away from sulphate reducers towards iron 

and manganese reducers, which are advantageous for mangrove growth (Kristensen and Alongi, 

2006). Emphasizing the importance and abundance of bacteria, Alongi (2005) estimated that 

bacteria contributed approximately 20% of the dry weight biomass in a Rhizophora-dominated 

mangrove ecosystem in northern Australia. 

Part of the importance of biodiversity is in conserving genetic variation, thereby preserving 

phenotypes that might be better adapted as conditions alter because of climate change, although 

this link is poorly understood (Field, 1999, 1996).  Increased mangrove ecosystem biodiversity has 

immediate implications as many shrimp pond farmers rely on natural shrimp fry from the mangroves 

to maintain and stock their shrimp ponds, and migratory birds that feed on mudflats adjacent to 

roosts in the mangroves are an important ecotourism attraction. However, Field (1999) questioned 

whether biodiversity (of macro flora) should necessarily take precedent over productivity, as the link 

between changes in biodiversity and ecosystem function and productivity are poorly understood. 

CULTURAL SERVICES: ECOTOURISM, RECREATION AND SPIRITUAL BELIEFS 

Documenting mangrove cultural services attempts to recognise the contribution they make to 

recreation, aesthetics, their education value, creative inspiration, religious enrichment and local 

people’s sense of place (Rönnbäck et al., 2007). Communities existing within mangroves might feel 

that these forests contribute to a definition of who they are and their sense of self (Walters et al., 

2008). Cultural considerations also include customary rights and social controls, which can be an 

effective form of mangrove preservation and management (Walters, 2004). Ecotourism might take 

the form of tiger watching in the Sundarbans, crocodile and turtle spotting in the Bhitarkanika 

mangroves in India (Badola et al., 2012) and bird watching in the Saloum Delta Senegal and Rufiji 

Delta, Tanzania (pers. obs.).   

 

  



249 
 

APPENDIX B. THE COMMUNITY-BASED ECOLOGICAL MANGROVE 

REHABILITATION PROCESS  

 

With the local community and other key local stakeholders, research the proposed rehabilitation 

site. Understand the species ecology of the naturally occurring mangrove species at the site, 

(patterns of reproduction, distribution, and successful seedling establishment). Understand current 

mangrove stressors and why natural regeneration is not repopulating the site. Understand the 

normal hydrology that controls the distribution, successful establishment and growth of targeted 

mangrove species. Understand the social factors affecting the site including land tenure, harvesting 

rates, grazing levels etc.  

Study a natural reference site as close and as similar to the proposed rehabilitation site, to study 

what a normal mangrove should look like, and the hydrology and topography in particular.  Thereby 

understand what has changed on the rehabilitation site and what needs to happen. This might 

include social agreements and activity.  

With the local community, map the rehabilitation site, discuss, plan action, which might be social as 

well as technical, set goals and objectives, agree a monitoring protocol, resolve land tenure issues to 

ensure long-term access to and conservation of the site.  

Implement the activity or social programmes.  

Monitor the progress, using the initial research as baseline data, and then study changes after 3, 6, 9 

months, one year, and then annually after that for at least 5 years. 

Utilize planting of propagules or seedlings only after determining through steps 1-5, above, that 

natural recruitment will not provide the quantity of successfully established seedlings, rate of 

stabilization, or rate of growth as required for project success 
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APPENDIX C. PRE-RESEARCH ETHICS STATEMENTS TO POTENTIAL 

RESPONDENTS FOR INFORMED CONSENT. (ENGLISH, THAI, TAGALOG) 

To be read by or read to all prospective research respondents. They will then be given a copy to keep. 

We would like to ask you to take part in some research about mangroves. This research will study 

aspects of village mangrove management and restoration work.  The research is being conducted to 

complete a PhD in Environmental Science at Bangor University in the UK. This study is independent 

of all Thai governmental or NGO organisations and is being overseen by an Associate Professor from 

the School of Biological Sciences at King Mongkut University, Thailand. Permission has been granted 

to run this research from the National Research Council of Thailand.  

Any information you supply will be kept securely by me and transferred to my computer for analysis. 

Due to the challenges of translation we would like to record this interview as well as make written 

notes, if you are agreeable, to make sure that the full meaning of your responses are completely 

understood. As soon as practicable all the notes from the research and recordings will be destroyed 

or deleted.  We will not record your name and it will not be entered onto the computer but only an 

interview number, to protect your anonymity at all times.   

The information collected will be used to write a doctoral thesis. This will be published on the 

internet. In this thesis only aggregated data will be used. Any attribution will be at village level or 

greater. Responses, activities or facts will not be attributable to any one individual. Quotes might be 

used but only if they do not reveal the specific individual and will only be attributed at village level.  

The output and learning will be presented at conferences and shared with NGOs and mangrove-

concerned groups.  It is hoped that the new knowledge gained from this research will improve the 

way NGOs and other groups interact with local villages when trying to conserve and restore 

mangroves.  

Having heard this statement you are entirely free to take part in this research or refuse. You can stop 

the interview at any time, or decline to answer a specific question.  The interview will take between 

45 minutes and an hour. Participation involves nothing more than answering questions either 

verbally or in a written form.   Many thanks for your consideration.   Are you happy to proceed? 

  



251 
 

Pre-research statement to potential respondents. Thai 

เราอยากจะขอความร่วมมือจากคุณในการท างานวิจัยเกี่ยวกับป่าชายเลน งานวิจัยช้ินน้ีศึกษาเก่ียวกับการจัดการป่าชายเลนของชุมชนและการฟ้ืนฟูป่าชายเลน 

งานวิจัยช้ินน้ีเป็นงานวิจัยปริญญาเอกในด้านวิทยาศาสตร์ส่ิงแวดล้อม จากมหาวิทยาลัยแบงเกอร์ ประเทศอังกฤษ งานวิจยัช้ินน้ีเป็นงานวิจัยอิสระ 

ไม่ขึน้กับรัฐหรือองค์กรเอกชนใดๆ งานวิจยัช้ินน้ีจะได้รับการตรวจสอบโดยศาสตราจารย์จากมหาวิทยาลัยเทคโนโลยีพระจอมเกล้าธนบุรี 

สภาการวิจัยแห่งประเทศไทยได้อนุมัติการท างานวิจัยช้ินน้ีแล้ว    

ข้อมูลทุกอย่างท่ีคุณให้มาจะถูกเก็บไว้โดยผู้วิจัยและส่งเข้าระบบคอมพิวเตอร์เพ่ือการวิเคราะห์ เพ่ือป้องกันปัญหาที่อาจเกิดจากการฟังผิดหรือแปลผิด 

ข้อมูลท่ีเก็บมาจะถูกใช้ในการเขียนงานวิจัยปริญญาเอก ซ่ึงจะเผยแพร่ทางอินเตอร์เน็ต งานวิจัยช้ินน้ีจะใช้เฉพาะข้อมูลรวบยอด 

การอ้างอิงจะอ้างในระดับหมู่บ้านหรือระดบัท่ีสูงกว่า จะไม่มีการอ้างช่ือในระดับบุคคล อาจจะมีการยกค าพูดมาอ้าง แต่จะไม่มกีารเปิดเผยช่ือบุคคล 

จะใช้ช่ือหมู่บ้านเท่าน้ัน 

ผลของการศึกษาและกระบวนการวิจัยจะถกูน าเสนอในงานสัมมนา และแบ่งปันให้กับเอ็นจีโอและกลุ่มอ่ืนๆ ที่เก่ียวข้องกับป่าชายเลน 

เราหวังว่าองค์ความรู้ท่ีได้จากงานวิจัยช้ินน้ีจะช่วยพัฒนาวิธีการร่วมกันระหว่างเอ็นจีโอและหน่วยงานอ่ืนๆ กับชาวบ้านในการอนุรักษ์และฟ้ืนฟูป่าชายเลน 

นอกจากน้ีวิธีการท่ีสุดท่ีได้จากการศึกษาคร้ังน้ีจะถูกปรับใช้โดยตรงกับหมู่บ้านในประเทศต่างๆ ที่เผชิญปัญหาที่มีลักษณะคล้ายคลึงกัน 

หลังจากที่ได้รับทราบค าช้ีแจงข้างต้นแล้ว คุณมีอิสระที่จะตัดสินใจให้ความร่วมมือหรือปฏิเสธไม่ให้ความร่วมมือก็ได้ 

คุณสามารถหยุดการสัมภาษณ์ตอนไหนก็ได้ หรือปฏิเสธการตอบค าถามที่เฉพาะเจาะจง การสัมภาษณ์คร้ังนี้จะใช้เวลาประมาณ 45 นาท ีถึง 1 ช่ัวโมง 

การให้ความร่วมมือจะอยู่ในขอบเขตแค่การตอบค าถามซ่ึงอาจจะอยู่ในรูปแบบของการพูดหรือการเขียน ขอขอบคณุที่ท่านพิจารณา      

 คุณยินดีที่จะให้สัมภาษณ์ไหม? 
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Pre-research statement to potential respondents. Tagalog (Philippines) 

To be read by or read to all prospective research respondents. They will then be given a copy to keep. 

 

Nais po naming kayong lumahok sa ilang pag-aaral patungkol sa mga bakawan. Ang pag-aaral po na 

ito ay tatalakay kung paano ninyo pinangangasiwaan at inaalagaan ang mga bakawan sa inyong 

barangay. Isinasagawa po namin ang pag-aaral na ito para makompleto ang mga kailangan sa pagka 

Doktor ng Pilosopiya ng Environmental Science sa Bangor University sa England. Ang pag-aaral po 

naming ito hindi konektado sa anumang sangay ng gobyerno sa Pilipinas. 

Anumang impormasyon na makakalap namin mula sa inyo ay pananatilihin naming sekreto at ililipat 

sa computer upang pagsamahin. Isusulat po naming ang inyong mga sagot pero, agad po naming 

itong buburahin (sisirain) kapag nailipat na sa computer. Hindi po namin isusulat ang inyong 

pangalan at hindi rin po ito ipapasok sa computer, lalagyan lamang po namin ng numero ang bawat 

panayam bilang palatandaan para protektahan ang inyong pagkakakilanlan. 

Ang mga impormasyon na makukuha namin ay gagamitin para sumulat ng isang thesis, at ilalathala 

sa internet. Ang resulta at napag-aralan ay ipapakita rin sa mga pag-pupulong, ibabahagi sa mga 

NGO at ibang pang grupo na may kaugnayan sa bakawan, ipipresenta din po ito sa PCSDS, DENR, at 

ibang kaugnay na sangay ng gobyerno. Sa kabuuan ng pag-aaral, ang ibabahagi lamang po namin ay 

ang resulta na nakalap mula sa isang buong barangay o munipyo. Ang mga panayam, sagot o ibang 

gawain na magtuturo sa mga tao o tiyak na lugar ay hindi isasama.   

Inaasahan po namin na ang bagong kaalaman na matutunan sa pag-aaral na ito, ay magpapabuti sa 

ugnayan ng mamamayan sa barangay, mga NGO at iba pang grupo sa pangangalaga at pagtatanim 

ng mga bakawan. 

Matapos po ninyong marinig ito, nasa inyo na po kung nais ninyong magpatuloy o tumanggi. 

Maaring po ninyong ihinto ang usapan anumang oras. Pwede po kayong tumanggi na sagutin ang 

ibang katanungan. Ang panayam po na ito ay maaring magtagal ng hanggang isang oras. Wala po 

kayong ibang gagawin maliban sa sumagot sa mga katanungan namin. Maraming salamat po sa 

inyong pang-unawa. 

Maaari po ba tayong magpatuloy? 
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APPENDIX D.  SPECIES IDENTIFICATION CHART 

Produced by Prof Jean ‘John’ Yong (undated), used, with kind permission.  

 

Front 
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APPENDIX E1.  REHABILITATION SEMI-STRUCTURED QUESTIONNAIRE. 

THAI 

1 URN  7 Date  
2 Age  8 Gender  
3 Village  9 Village sub-unit  
4 Main Occupation   10 Other Occupation  
5 Mangrove Use  11 Member of a 

group? 
 

6 Role in Village  12 Former leader  
13 Religion     

 

Villagers were asked to describe the most recent planting event they took part in. 

1 When is the last time you planted 
mangroves? 

คุณไปปลูกป่าชายเลนล่าสุดเมื่อไหร่?  

2 What species did you plant? ปลูกตน้อะไรบา้ง?  

3 Can you describe the planting site?  
[Prompts:  
Soil sand or clay or silt?  
Wet how often?  
Sunny or shaded?   
Former shrimp pond?] 
 
Can you give a brief history of the 
site? 

กรุณาอธบิายลกัษณะพืน้ทีท่ีใ่ชป้ลูกป่าช
ายเลน ลกัษณะดนิ (ทราย ดนิเหนียว 
หรอืโคลน) น ้าขึน้ถงึ? แดด หรอืร่ม? 
พืน้ทีน่ากุง้รา้ง? เล่าอดตีคร่าวๆ?  

 

4 If you were making the decision, 
would you have used the same 
species or chosen a (new) different 
species?   
[Agreed / Did not agree] 

คุณคดิว่ามพีนัธุไ์หนทีเ่หมาะสมหรอืดกี
ว่าส าหรบับรเิวณนี้ไหม? 

 

5 If you did not agree, what species 
would you have recommended?  
Why? 

ถา้ไม่ แลว้คุณจะเลอืกพนัธุอ์ะไร 
เพราะอะไร? 

 

6 In the planting area, what species 
was already growing on the site, if 
any? 

ในบรเิวณทีป่ลูกนัน้ 
มตีน้อะไรขีน้อยู่แลว้บา้ง? 

 

7 Was there any site preparation?  
 
Can you describe it? 

ตอนปลูกป่าชายเลนครัง้สุดทา้ยนัน้ 
มกีารเตรยีมพืน้ทีก่อ่นปลูกไหม 
ท าอย่างไรบา้ง? 

 

8 On that planting day, can you 
describe the planting process? 

แลว้ในวนัทีป่ลูกวนันัน้ 
มขีัน้ตอนการปลูกอย่างไรบา้ง? 

 

9 What depth did you plant the seeds 
or seedlings? 
 

ระดบัความลกึทีป่ลูกไมป่้าชายเลน   

10 If you were planting more than one 
species, did you mix the species, or 
plant the species separately.    Why?   

ตอนทีป่ลูกวนันัน้ 

คุณปลูกปนกนัหรอืแยก? 

เพราะอะไรถงึท าแบบนัน้? 
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11 Is there anything in this planting 
process that should have been 
improved or done differently? 

มอีะไรทีค่วรปรบัปรุง หรอื 

เปลีย่นแปลงไหม? 

 

12 Do you think the planting was 
necessary or would mangroves have 
come back on their own? 

วนัเวลาความพรอ้มของตน้กลา้และเมล็
ดพนัธ?์ สถานทีท่ีจ่ะปลูก? 

หรอืมอีย่างอื่น? 

 

13 Was there any attempt to change 
the physical features of the planting 
site? E.g. change the flow of water, 
for example? 

เคยมกีารพยายามทีแ่ปลงลกัษณะทางก
ายภาพของบรเิวณทีฟ้ื่นฟูป่าชายเลนไห
ม? เช่น เปลีย่นทางน ้าไหล? 

 

14 Why did you choose to plant in that 
site? 

ท าไมเลอืกไปปลูกตรงนัน้?  

15 Before planting, did you (collectively) 
debate which species to use and 
which would be appropriate for the 
site?   

ก่อนทีจ่ะท าการปลูกป่าชายเลน  
คุณไดม้สี่วนรว่มระดมความคดิและปรกึ
ษาหารอืในการเลอืกพนัธุไ์มท้ีเ่หมาะสม
ทีจ่ะปลูกไหม ? 

 

16 For the last planting project, what 
was the key motivation?  
[Prompt: Site recovered from 
encroachment?  
Big National Day?  
Availability of seeds and seedlings?  
Degraded site?  
Something else?] 

โครงการปลูกป่าครัง้สุดทา้ย 
อะไรเป็นปัจจยัหรอืเป็นสิง่ทีส่ าคญัมาก
ทีสุ่ดส าหรบัการปลูกป่า? วนัเวลา? 

ความพรอ้มของตน้กลา้และเมลด็พนัธ?์ 

สถานทีท่ีจ่ะปลูก? หรอืมอีย่างอื่น?  

 

17 Why do you choose to plant on that 
date?    

ท าไมตอ้งเลอืกปลูกในวนันัน้?  

18 In general, what do you look at to 
indicate a successfully restored 
mangrove forest? [Prompt: How 
would you describe a successful 
restoration to a friend?] 

โดยทัว่ไป คุณคดิว่า 
ป่าชายเลนทีไ่ดร้บัการฟ้ืนฟูทีป่ระสบคว
ามส าเรจ็ ดูไดจ้ากอะไร?    

 

19 Have you been back to see this 
planting effort, you have been 
describing?   
 
Was it successful [percentage]?   

เคยไดไ้ปดูป่าชายเลนทีคุ่ณเพิง่ปลูกหรื
อยงั?  

คุณคดิว่ามนัประสบความส าเรจ็ไหม? 

 

20 What discussion did you have about 
the activities that should be done on 
the planting site after planting?   

มกีารประชุมหรอืการอภปิราย 
เกีย่วกบักจิกรรมทีค่วรท าทีบ่รเิวณทีป่ลู
กป่านัน้ภายหลงัการปลูกป่าชายเลนไห
ม? 

 

21 If yes, what activities should happen 
or will happen?   

ถา้ม ีพดูถงึการท าอะไรบา้ง?  

22 Do either the DMCR or Conservation 
Group check the planting 
afterwards? 

เจา้หน้าทีป่่าชายเลน หรอื กลุ่มอนุรกัษ์ 
ไปตรวจดูพืน้ทีท่ีป่ลูกไปแลว้ไหม?  

 

    

    

Thank you very much for your time. Is there anything you want to ask us? 
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APPENDIX E2. REHABILITATION SEMI-STRUCTURED QUESTIONNAIRE. 

TAGALOG (PHILIPPINES) 

 

1 URN  7 Date  
2 Age  8 Gender  
3 Village  9 Village sub-unit  
4 Main Occupation   10 Other Occupation  
5 Mangrove Use  11 Member of a 

group? 
 

6 Role in Village  12 Former leader  
13 Religion     

 

Villagers were asked to describe the more recent planting event they had taken part in 

1 When is the last time you planted 
mangroves? 

Kailn po kayo huling nagtanim 
ng bakawan? 

 

2 What species was planted during your 
last mangrove restoration activity?   
 
 
Seeds or seedlings 

Anong klase po ng bakawan ang 
tinanim noong huling taniman?  
 
Ang itinanim po ba ay mga buto 
pa o mga punla na nakaplastik? 

 

3 Can you describe the planting site?  
[Prompts:  
Soil sand or clay or silt?  
Wet how often?  
Sunny or shaded?   
Former shrimp pond?] 
 
Can you give a brief history? 

Pwede po ba ninyong ilarawan 
ang lugar na pinagtaniman?  
 
 
 
 
 
Bago po nagpatanim sa lugar na 
yon, ano po yon dati? 

 

4 If you were making the decision, 
would you have used the same 
species or chosen a (new) different 
species?   
[Agreed / Did not agree] 

Kung kayo po ang masusunod, 
ibang uri ba ng bakawan ang 
itatanim nyo o gaya din ng 
tinanim nila? 

 

5 If you did not agree, what species 
would you have recommended? 
 

Kung hindi po kayo sang-ayon 
sa napili nilang itanim na 
bakawan, anong uri ng bakawan 
ang irerekomenda nyo at bakit 
po yon ang napili nyo? 

 

6 In the planting area, what species was 
already growing on the site, if any? 

Sa pinagtaniman po na lugar, 
anong mga bakawan po ang 
meron na doon nong 
nagtatanim na kayo? 

 

7 If there was any site preparation, can 
you describe it? 

Inihanda po ang lugar bago 
nagpatanim? 
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8 On that planting day, can you 
describe the planting process? 

Sa mismong araw po ng 
pagtatanim, paano po ang 
naging sistema? 

 

9 What depth did you plant the seeds 
or seedlings? 
 

Saan po banda kayo nagtanim?  

10 If you were planting more than one 
species, did you mix the species, or 
plant the species separately.  
 
Why?   

Noong nagtanim po, halo-halo 
po ba ang klase ng bakawan na 
tinanim o pinagsama-sama ang 
magkakatulad? 

 

11 Is there anything in this planting 
process that should have been 
improved or done differently? 

Mayroon po na dapat pang 
baguhin o dapat na sa ibang 
paraan ginawa? 

 

12 Do you think the planting was 
necessary and that mangroves would 
not have come back unless you had 
planted? 

Sa palagay nyo kailangan po 
talaga na magtanim doon o 
tutubo ng kusa ang bakawan 
doon maliban na lagn kung 
magtatanim kayo? 

 

13 Was there any attempt to change the 
physical features of the restoration 
site? E.g. change the flow of water, 
for example? 

Meron bang binago sa lugar na 
pinagtaniman? 

 

14 Why did you choose to plant in that 
site? 

Bakit yon ang lugar na napiling 
taniman? 

 

15 Before planting, did you debate what 
species to use and what species 
would be appropriate for the site?   

Bago po nagtanim, meron po 
bang pag-uusap kung anong 
klase ng bakawan ang naangkop 
sa lugar? 

 

16 For the last planting project, what 
was the key motivation?  
[Prompt: Site recovered from 
encroachment?  
Big National Day?  
Availability of seeds and seedlings?  
Degraded site?  
Something else?] 

Meron po bang espesyal na 
okasyon kaya kayo nagtanim 
nong panahon na yon?  
Halimbawa may mga dayo para 
magtanim?  
Taunang araw ng pagtatanim?  
Sa panahon lang na yon merong 
mga punla?  
Kalbo na yong lugar? 

 

17 Why do you choose to plant on that 
date?    

Bakit po noong araw na yon 
napiling magtanim? 

 

18 In general, what do you look at to 
indicate a successfully restored 
mangrove forest? [Prompt: How 
would you describe a successful 
restoration to a friend?] 

Sa pangkalahatan po, ano ang 
senyales na matagumpay na 
naibalik sa dati ang bakawanan? 

 

19 Have you been back to see this 
planting effort, you have been 
describing?   
 
Was it successful [percentage]?   

Nabalikan nyo po yong 
pinagtaniman para makita kung 
ano ang kinalabasan ng inyong 
pinagsikapan? 

 

20 Was there any discussion about the 
activities that should be done on the 
restoration site after planting?   

May pinag-usapan po ba kung 
ano ang mga susunod na 
gagawin sa lugar na 
pinagtaniman? 

 

21 If yes, what activities should happen 
or will happen?   

Kung meron po, tungkol saan?  



260 
 

22 Do either the CENRO or Conservation 
Group check the planting afterwards? 

May pumupunta po ba na taga 
DENR o CBFM para tingnan ang 
pinagtaniman pagkatapos 
magtanim? 

 

    

Thank you very much for your time. Is there anything you want to ask us? 
 
  



261 
 

APPENDIX F. VILLAGE DETAILS AND NOTES 

This section contained some informal notes for the initial submission, about the specific nature and 

context of each village, illustrating the complexity and diversity of village life and situations. This has 

been redacted for reasons of confidentiality for the publicly available final submission of this thesis 

but is available by request from the author. 
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APPENDIX G. REHABILITATION SCIENCE TEST. COMBINED. ENGLISH, THAI, 

TAGALOG. 

1 Gender  7 Village  
2 Age  8 Date  

 

 Question Marking Scheme. 
Acceptable answers 

Mark
s 

Ref 

1 Is it possible to restore a site just by changing the flow of 
water?  
 
เป็นไปไดไ้หมทีจ่ะฟ้ืนฟูบรเิวณป่าชายเลนโดยแค่เปิดทางกระแสน ้าให้ไหลผ่านเท่านัน้?  

 
Posible pa bang maibalik ang bakawan sa isang nasirang 
lugar na dating may bakawan kapag binago ang agos o 
daloy ng tubig? 

Yes 1 1 

2 What is the best time of year to plant? 
 

ช่วงไหนของปีทีด่ทีีสุ่ดในการปลูกป่าชายเลน? 
 
Kailan ang pinaka-mainam na panahon para magtanim ng 
bakawan? 

(Calm end of the) rainy 
season.   Approximately 
Sept-Dec in east coast 
Thailand.  
June-Oct/Nov Palawan, 
Philippines. 

1 2, 
14 

3 What might damage the seedlings (non-animal) after you 
have planted them? 
 

ปัจจยัอะไรบา้งทีไ่มใ่ช่สตัว์ 
ทีอ่าจจะท าลายตน้กลา้ทีคุ่ณไดป้ลูกไปแลว้? 
 
Maliban sa mga hayop, anong mga pangyayari o gawain 
ang maaaring makasira sa mga punla ng bakawan? 

One mark for each of the 
following – max 3.   Debris, 
waves/erosion/ strong flow, 
too much sun, human 
footfall, drought, excess 
sedimentation, abnormal 
flooding, excess 
seaweed/algae 
entanglement, pollution, 
disease, acid soil. 
 
½ for ‘Natural disaster’  
 
0 for ‘weather’, ‘water’, 
‘wind’, ‘flooding’, ‘charcoal’. 

Max 
3 

14, 

4 Is planting in very soft mud (that lets you sink up to your 
shins/knees) going to be successful? 
 
การปลูกป่าชายเลนในบรเิวณทีเ่ป็นดนิโคลน (ลกึประมาณหวัเขา่) 
ตน้ไมจ้ะเตบิโตเจรญิงอกงามไหม?  

 
Magiging matagumpay ba ang patanim kung ito ay 
gagawin sa lugar na may malambot na putik na aabot 
hanggang tuhod? 

No. 
 
½ given for acknowledging 
that very soft mud in 
sheltered river channels (no 
waves/wind) might possibly 
work, as opposed to 
mudflats exposed to the 
open sea.   
½ for R. mucronata for 
thinking about mechanics of 
soft mud. 

1 3, 
4, 

15, 
16 
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5 There are dead tree branches, rubbish, dead Nypa palm 
leaves etc. on your restoration site before you start work. 
What do you do about it?   
 
ถา้มกีิง่ของตน้ไม้ทีต่ายแลว้ หรอืกา้นใบจากทีร่่วงจากตน้ และเศษไมอ้ื่นๆ ซึง่ลอยน ้าได ้

ในบรเิวณคุณก าลงัจะเขา้ไปท าการฟ้ืนฟู คุณจะท าอะไรกบัเศษเหล่านี้? 

 
Sa lugar na pagtataniman, may mga patay na sanga ng 
puno, basura, mga patay na dahon ng Nipa at iba pang 
kalat. Ano ang gagawin mo sa mga kalat? 

Remove (to avoid impact 
damage) or pile up 
(assuming it then can’t 
move) 
 
 

1 1 

6 Are ‘mudflats’ generally a good place or a bad place for 
mangrove restoration?  
 
บรเิวณหาดเลน (เช่นบรเิวณปากแม่น ้า)  เหมาะแก่การปลูกป่าชายเลนไหม? 

 
Sa pangkalahatan, mainam ba o hindi na pagtaniman ang 
lugar sa harapan ng bakawan hanggang sa naabot ng pag-
hibas ng dagat? 

Bad 
 

1 3, 
4, 

16, 
18 

7 From fertilisation to being ripe enough to drop off the tree 
and grow, how many months does it take for Rhizophora 
mucronata to produce its seeds?  1-5 months, 6-11 
months, 12-15 months or 16-24 months  
 
ลูกฝักของตน้โกงกางใบใหญ่ ใชเ้วลากีเ่ดอืนในการผลติฝัก 

เริม่จากเกสรผสมพนัธุจ์นฝักแก่พอทีจ่ะร่วงจากตน้?  

1-5 เดอืน, 6-11 เดอืน, 12-15 เดอืน หรอื16-24 เดอืน 

(กรุณาเลอืกค าตอบเพยีงขอ้เดยีว)   
 
Gaano katagal bago maging magulang ang punla ng 
Bakawan Babae? Mula bulaklak hanggang maging bunga 
at mahulog sa puno. 1-5 buwan, 6-11 buawan,12-15 
buwan o 16-24 buwan? 

12-15 months 
 

1 9 

8 If you’re restoring a former aquaculture pond, do you 
need to keep the pond closed to inundation or open it to 
tidal flushing? 
 
ถา้คุณก าลงัฟ้ืนฟูบรเิวณทีเ่คยเป็นบ่เลีย้งกุง้ คุณจะปิดบ่อไว ้
หรอืจะเปิดทางใหก้ระแสน ้าเขา้ไปถงึ?  

 
Kung ibabalik mo sa dati ang isang fish-pond para taniman 
ng bakawan, kailangan ba na bukas ito o sarado sa agos ng 
tubig? 

Open 1 1, 
6, 

14, 

9 If you were restoring an area that was at the high tide 
level, can you suggest species you might plant?  
 
ถา้คุณจะปลูกต้นไมใ้นบรเิวณทีร่ะดบัน ้าขึน้สูงสุด ตน้อะไรทีคุ่ณควรจะปลูก? 

 
Kung pagtataniman ang lugar na naaabot lamang ng dagat 
pag mataas ang tubig (taib), anong klase ng bakawan ang 
imumungkahi mo? 

Any of the back mangrove 
species, e.g. Excoecaria sp, 
Xylocarpus sp, Lumnitz, 
Heritiera sp., Casuarina sp., 
Cerbera sp. 
 
½ for Avicennia sp. as this 
can be a bi-zonal species, 
Ceriops sp. 
 
0 for Rhizophora sp., 
Bruguiera sp., Sonneratia 
sp., Acacia sp. 

Max 
3 

9, 
17 
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10 If new land is appearing from sedimentation, in an estuary 
or the middle of a river, and rising up just high enough for 
mangroves to colonise, what would be the first species 
you would expect to see growing? 
 
ถา้มแีผ่นดนิหรอืเกาะเกดิขึน้จากการทบัถมของตะกอนบรเิวณปากแม่น ้า 
แลว้เกาะนัน้สงูพอทีจ่ะใหต้้นไมเ้จรญิเตบิโตขึ้นได้ คุณคดิว่า 
ตน้อะไรจากป่าชายเลนจะเจรญิเตบิโตขึน้เป็นชนิดแรก? 

 
Kung may bagong parte sa gitna ng bukana na lumilitaw 
kapag mababaw ang tubig dahil sa mga latak galing sa ilog, 
anong uri ng bakawan ang una mong makikitang 
tumutubo dito? 

Avicennia marina, A. alba 
Sonneratia alba, S. apetala.  
 
½ for ‘Avicennia’ 
½ for ‘Sonneratia’ 
 
0 for Rhizophora sp. 

Max 
3 

9, 
14, 
17 

11 If the flow of tidal or river water to your site has 
previously been blocked, should the flow be restored or 
not disturbed? 
 
ถา้พืน้ทีบ่รเิวณฟ้ืนฟูเมื่อก่อนมกีระแสน ้าขึน้น ้าลง หรอืมนี ้าในแม่น ้าไหลเขา้ 
แต่ปัจจุบนัมนัถูกกัน้ไวไ้ม่ใหเ้ขา้ถงึบรเิวณทีฟ้ื่นฟู  เราไม่ควรรบกวนมนั 

ควรทีจ่ะปล่อยใหม้นัเป็นเช่นนัน้ หรอืควรท าใหก้ระแสน ้าไหลเขา้เหมอืนเดมิ?  

 
Kung mahaharangan ang daloy ng tubig, mula sa ilog o 
taas baba ng tubig dagat, sa lugar kung saan magtatanim 
ng bakawan. Kailangan ba na maibalik ang daloy ng tubig 
hayaan na lamang ito? 

Restored 1 1, 
14 

12 Should you put in fertiliser into the hole you are planting 
your seedling in?  
 
เวลาปลูกตน้กลา้ในป่าชายเลน ตอ้งใส่ปุ๋ ยในหลุมดว้ยไหม?   

 
Kailangan bang lagyan ng abono ang butas na 
pagtataniman ng bakawan? 

No.  
 
(only for Sonneratia sp) 

1 10 

13 If you were going to use Excoecaria or Heritiera in your 
restoration, where would you plant it? Everywhere, or low 
down relative to other mangroves or near high water? 
 
ถา้คุณจะปลูกต้น หงอนไก่ทะเล/ ดุหุนใบใหญ่/ ไขค่วาย คุณจะปลูกบรเิวณไหน? 

ทีไ่หนก็ได ้หรอื เฉพาะบรเิวณทีส่งูในป่าชายเลน หรอื บรเิวณที่ต ่าในป่าชายเลน? 

 
Kung magtatanim ka ng Dungon-lati/Balugo o Buton saan 
mo ito itatanim? Kahit saan, sa baba katulad ng ibang 
bakawan, o sa lugar na naabot ng tubig pag mataas ang 
dagat? 

High up, back mangrove 
area or near the high-water 
mark 

1 9, 
17 

14 If you know your restoration site is very salty, what can be 
done to help mangroves re-establish? 
 
ถา้คุณรูว่้าดนิบรเิวณทีจ่ะฟ้ืนฟูเคม็มาก 

จะมวีธิกีารอย่างไรทีจ่ะช่วยใหต้น้ไมใ้นบรเิวณนัน้เตบิโตไดด้ี? 

 
Kung alam mo na masyadong maalat ang lugar na 
pagtataniman, ano ang magagawa para matulungan ang 
mga bakawan na tumubo? 

One mark each. 
 
Improve the hydrology / 
flushing by digging. 
Improve the fresh water 
river input into the top of 
the system.  
Change species to A. 
marina.  
Change site. 
Wait for rainy season. 
 

Max 
2 

6, 
10 
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½ for ‘change species’ w/o 
suggesting the alternative 
species 

15 If the site faces the sea and the waves are sometimes big 
(energetic), what can you do about it?  
 
ถา้บรเิวณทีฟ้ื่นฟูหนัหน้าเขา้หาทะเลและบางครัง้มคีลื่นแรงมาก คุณจะท าอย่างไร? 

 
Kung ang lugar na napiling taniman ay nakaharap sa dagat 
at may panahon na malalaki ang alon, ano ang magagawa 
mo tungkol dito? 

1 for each: 
Bamboo wall in front of the 
planting. 
Change site / do not plant. 
 
½ for planting pioneer 
species, e.g. A. marina, A. 
alba or Sonneratia alba. 
½ Use canes 
½ Insert propagule deeper  
½ Plant bigger trees  
½ Wait for calmer weather 

Max 
3 

6, 
11, 
12, 
14 

16 If you are trying to restore old rice paddy back to 
mangroves, what problems are you likely to incur?  
 
ถา้คุณจะฟ้ืนฟูบรเิวณทีเ่ป็นนาขา้วในอดตีให้กลบัมาเป็นป่าชายเลน 

คุณจะเจอปัญหาอะไรบา้ง? 

 
Kung balak mong taniman ng bakawan ang isang dating 
palayan, anong mga problema ang kinakaharap mo? 

1 for each 
Too high for tidal flushing 
therefore water can’t reach. 
Poor (acid) soil (sour in 
Thai). 
No connection with 
mangrove. 
 
½ for ‘No water’  

Max 
3 

6 

17 If the seedlings you have planted become covered with 
barnacles, what can you do about it?  
 
ถา้ตน้กลา้ทีคุ่ณปลูก ถูกปกคลุมด้วยเพรยีง คุณจะแกปั้ญหานี้อย่างไร? 

 
Kinapitan ng tagungtong ang itinanim mong bakawan, ano 
ang gagawain mo tungkol dito? 

1 for each: 
Plant a different species. 
Plant in a different season.  
Paint propagule with engine 
oil. 
Change Site 
 
½ for: 
Leave it, 
More fresh water 
 
0 for: ‘Scrape off’ as this kills 
the mangroves 

Max 
3 

7 

18 If you see seedlings from different species starting to grow 
on your restoration site, what do you do with them?  
 
ถา้มเีมลด็พนัธุ(์ฝัก)อื่นทีคุ่ณไม่ไดป้ลูก 

เกดิขึน้ในบรเิวณพืน้ทีฟ้ื่นฟูทีคุ่ณเพิง่ปลูกตน้กลา้ไดไ้ม่นาน 

คุณจะท าอย่างไรกบัพนัธุ์ทีคุ่ณไม่ไดป้ลูกเหล่านัน้?  

 
Kung may ibang uri ng bakawan maliban sa itinanim mo 
ang tumubo, ano ang ginagawa mo sa mga ito? 

Keep / leave them 1 8 

19 If you’re planting within seagrass, what species should you 
use?  
 
ถา้คุณจะปลูกป่าชายเลนบรเิวณทีม่หีญ้าทะเล ตอ้งปลูกตน้อะไร? 

 
Kung magtatanim sa lugar ng damong dagat o baryaw-
baryaw, anong uri ng bakawan ang itatanim mo? 

1 for ‘Do not plant’ 
 
0 for any species suggestion.  
(Trick question. Ecologically 
unsuitable elevation for 
mangroves.) 

1 4 
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APPENDIX H1. COMMUNITY MANGROVE FORESTRY RULES. SEMI-

STRUCTURED QUESTIONNAIRE. THAI (THAILAND) 

1 URN  7 Date  
2 Age  8 Gender  
3 Village  9 Village sub-unit  
4 Main Occupation   10 Other Occupation  
5 Mangrove Use  11 Member of a group?  
6 Role in Village  12 Former leader  
13 Religion     

 

1 Can you take as much mangrove 
wood as you like without telling 
anyone? [Knows there are rules / 
Does not know about rules] 

คุณสามารถตดัเอาไมป่้าชายเลนมาใชม้ากเ
ท่าไหร่กไ็ดโ้ดยไม่ตอ้งบอกใคร? 

 

2 What are the main points of the 
rules? [No, partial, full] 

กฎป่าชายเลน หลกัๆ มอีะไรบา้ง?  

3 [If not mentioned above]  Are the 
mangroves divided up into any sort 
of zones? [Y/N] 

แต่ละเขต 

มกีฎระเบยีบทีแ่ตกต่างกนัไหม?  

 

4 [If there are zones…] Are there 
different rules in different zones? 

แต่ละเขต 

มกีฎระเบยีบทีแ่ตกต่างกนัไหม?  

 

5 Do you want to get rid of the 
mangrove rules/ not to have the 
mangrove rules? [Positive / 
Negative attitude] 

คุณอยากใหย้กเลกิกฎป่าชายเลนออกไ
หม/ไม่ใหม้กีฎป่าชายเลน? 

 

6 What is a current threat to your 
mangroves? 

อะไรคอืภยัคุกคามต่อป่าชายเลนในปัจจุ
บนั? 

 

7 On this pile of cards are possible 
threats to your village’s mangroves.   
Can you put them in order of most 
likely to affect your mangroves on 
the top…  [Ranking data] 

ในบตัรค าเหล่านี้ 
เป็นการกระท าต่อป่าชายเลนของหมูบ่า้
น 
โปรดจดัเรยีงบตัรเหล่านี้บตัรทีม่ผีลกระ
ทบมากทีสุ่ดอยู่บนสุด 

 

 

8 Do you think that the threats to 
your mangroves are due to having 
the inappropriate rules? 

คุณคดิว่าภยัคุกคามทีเ่กดิขึน้กบัป่าชายเ
ลนในขอ้   

มสีาเหตุมาจากการทีม่กีฎระเบยีบทีไ่ม่เ
หมาะสมในการป้องกนัการท าลายป่ายช
ายเลนหรอืไม่?                                                                                                                        

 

9 If your rules are not appropriate, 
what needs to be changed in your 
opinion? 

ถา้กฎไม่เหมาะสม คดิว่า 
มอีะไรควรเปลีย่น? 

 

 

10 Do you feel that your village’s rules 
need to be stronger / stricter?    

ณคดิว่า 
ควรมกีารปรบักฎป่าชายเลนของหมู่บา้
นใหร้ดักุมมากขึน้และเขม้งวดขึน้ไหม? 
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11 If there is a rules / enforcement 
problem, what is it? Lack of 
patrolling? Lack of enforcement? 
Uneven enforcement? Something 
else? 

ในกรณีทีม่ปัีญหาเกีย่วกบักฎระเบยีบแล
ะการบงัคบัใชก้ฎระเบยีบ 

คุณคดิว่ามาจากสาเหตุอะไร? 

ขาดการลาดตระเวน? 

ขาดการบงัคบัใชก้ฎระเบยีบ? 

ไม่มกีารบงัคบัใชก้ฎ? อื่นๆ? 

 

12 What proportion of the villagers 
think the rules are unnecessary? 
[Necessary / unnecessary ] 

มชีาวบา้นอื่นๆทีค่ดิว่ากฎป่าชายเลนนัน้
ไม่จ าเป็นมสีดัส่วนประมาณเท่าไหร่?   

 

13 Do you think that mangrove users 
from other neighbouring villages 
know about your mangrove rules?  
[Yes / No] 

คนทีใ่ชป้ระโยชน์จากป่าชายเลนซึง่อยู่ใ
นหมู่บา้นใกลเ้คยีงรูก้ฎของป่าชายเลนใ
นหมู่บา้นของคุณหรอืไม่? 

 

14 Can you describe the main points of 
the sanctions relating to the village 
mangrove rules? [Yes / No]  +  
[Open for summary] 

มบีทลงโทษอะไร 
ถา้มกีารท าผดิกฎป่าชายเลน? 

 

15 Is there a scale of punishment?    มรีะดบัของการลงโทษ 

จากน้อยไปมากไหม? 

 

16 Do you think that if you were 
caught breaking the mangrove 
rules, you would be able to avoid 
the sanctions and not be punished? 
[Punished / Not punished / depends 
on the situation]   

สมมตวิ่า 
คุณโดนจบัขอ้หาท าผดิกฎป่าชายเลน 
คุณมวีธิทีีจ่ะหลกีเลีย่งบทลงโทษและไม่
ตอ้งถูกลงโทษไดไ้หม? 

 

17 If you wanted to check the specific 
details of the village’s mangrove 
rules, how could you do this? 

ถา้คุณตอ้งการตรวจสอบรายละเอยีดขอ
งกฎของป่าชายเลนว่ามอีะไรบา้ง 
คุณจะหาขอ้มลูไดอ้ย่างไร? 

 

18 How often do you think your fellow 
villagers break the mangrove rules?  
[Follow rules / ignore rules / mixed] 

คุณคดิว่า 
ชาวบา้นท าผดิกฎป่าชายเลนบ่อยแค่ไห
น?   

 

19 Can you describe the last time the 
sanctions were actually applied in 
your village?   

เคยมกีารลงโทษผูท้ีก่ระท าผดิกฎป่าชา
ยเลนของหมู่บา้นของคุณล่าสุดเมื่อไหร่ 
และลงโทษอย่างไร? 

 

20 After the mangrove rule-breakers 
have been caught, do you think 
they break the rules again?  
[Effective / Not effective] 

ผูก้ระท าผดิกฎป่าชายเลนทีโ่ดนจบัไดแ้
ลว้ เพราะอะไรเขาถงึท าผดิอกี?  

 

21 Is there any deliberate patrolling of 
the village’s mangrove by 
government staff. How often? [Yes 
/ No] 

มกีารตรวจตราป่าชายเลนของหมู่บา้นจ
ากเจา้หน้าทีข่องรฐัไหม? บ่อยแค่ไหน? 

 

22 Is there any deliberate patrolling of 
the village mangroves by villagers 
and how often? [Yes / No] 

มกีารจดัเวรตรวจตราป่าชายเลนของหมู่
บา้นโดยชาวบา้นเองไหม? 

บ่อยแค่ไหน? 

 

23 If you see outsiders breaking the 
rules, would you report them? [Yes, 
Never seen, talk with them 
directly/let them cut]   

ถา้เหน็คนนอกหมู่บา้นก าลงัท าผดิกฎ 
คุณจะแจง้/รายงานใหผู้ท้ีม่สี่วนรบัผดิชอ
บรบัทราบไหม? 
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24 If you saw someone from this 
village breaking the village’s 
mangrove rules what would you 
do?  Did you report them?  [Yes / 
Never seen / talk with them 
directly/let them cut] 

ถา้คุณเหน็คนในหมู่บา้นก าลงัแหกกฎ 

คุณจะท าอย่างไร? 

คุณจะแจง้/รายงานใหผู้ท้ีม่สี่วนรบัผดิช
อบรบัทราบไหม? 

 

25 Do you think the villagers who cut 
without permission know about the 
rules? 

คุณคดิว่าชาวบา้นทีต่ดัไมใ้นป่าชายเลน
โดยไม่ไดร้บัอนุญาต 
เขาจะรูว้่ามกีฎระเบยีบไหม? 

 

26 What motivates them to cut, even 
though there is the risk of 
sanctions? Very poor? Good money 
for the wood? Something else? 

มเีหตุผลอะไรทีท่ าใหเ้ขาตดัไมป่้าชายเล
นทัง้ๆทีรู่ว้่าเสีย่งทีจ่ะโดนลงโทษ? 
จนมาก? ไมป่้าเลนมรีาคาด?ี 
เหตุผลอืน่? 

 

27 In 10 years time do you expect 
there to be less mangroves trees in 
this village? 

คุณคดิว่าในอกี 10 

ปีขา้งหน้าจะมตีน้ไมใ้นป่าชายเลนเพิม่ขึ้
น หรอืเท่าเดมิ 

หรอืน้อยลงกว่าปัจจุบนั? 

 

   Thank you very much for your time. Is there anything you want to ask us? 
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APPENDIX H2.  COMMUNITY MANGROVE FORESTRY RULES. SEMI-

STRUCTURED QUESTIONNAIRE. TAGALOG (PHILIPPINES) 

1 URN  7 Date  
2 Age  8 Gender  
3 Village  9 Village sub-unit  
4 Main Occupation   10 Other Occupation  
5 Mangrove Use  11 Member of a 

group? 
 

6 Role in Village  12 Former leader?  
13 Religion     

 

1 Can you take as much wood 
without telling permission? 
[Knows there are rules / Does not 
know about rules] 

Pwede ba tayong kumuha ng 
bakawan kahit walang 
permiso? 

 

2 What are the main points of the 
rules? [No, partial, full] 

Ano-ano ang mga patakaran  
ukol dito? 

 

3 [If not mentioned above] Are the 
mangroves divided up into any 
sort of zones? [Y/N] 

Mayroon po bang 
pagkakahati-hati ang 
bakawanan sa lugar natin? 
Halimbawa lugar kung saan 
lamang pwedeng manginas, 
mangisda at lugar na 
protektado . 

 

4 [If there are zones…] Are there 
different rules in different zones? 

Mayroon po mga patakaran o 
kasunduan para sa bawat 
lugar na ito? Ano-ano po ang 
mga ito? 

 

5 Would it easier to get rid of the 
mangrove rules / not to have the 
mangrove rules? [Positive / 
Negative attitude] 

Mas mainam po ba na wala 
ang mga patakaran o 
kasunduan ukol sa bakawan? 

 

6 What is a current threat to your 
mangroves? 

Sa kasalukuyan, ano-ano po 
ang mga banta sa bakawan sa 
inyong lugar? 

 

7 On this pile of cards are possible 
threats to your village’s 
mangroves.   Can you put them in 
order of most likely to affect your 
mangroves on the top…  [Ranking 
data] 

Sa hanay ng mga banta sa 
bakawan, alin po ang maaring 
maka-apekto sa bakawan ng 
lugar ninyo? 
Pumili po ng isa o dalawa. 

 

8 Do you think that the threats to 
your mangroves are due to 
having the inappropriate rules? 

Sa inyo pong pananaw, ang 
mga banta/problema sa 
bakawan natin ay dulot ng 
kakulangan o hindi akmang 
batas? 
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9 If your rules are not appropriate, 
what needs to be changed in 
your opinion? 

Sa inyo pong pananaw, ano-
ano ang mga dapat baguhin sa 
patakaran? 

 

10 Do you feel that your village’s 
rules need to be stronger / 
stricter?    

Sa palagay po ninyo, kailangan 
po ba na higpitan pa ang 
batas at patakaran sa inyong 
lugar? 

 

11 If there is a rules / enforcement 
problem, what is it? Lack of 
patrolling? Lack of enforcement? 
Uneven enforcement? 
Something else? 

no po ang problema sa 
pagpapatupad na batas o 
patakaran kung meron man? 
Kulang ang pagpapatrolya? 
Maluwag sa pagpapatupad na 
batas? Hindi patas na pagpa-
iral ng batas? Iba pang 
kadahilanan? 

 

12 What proportion of the villagers 
think the rules are unnecessary? 
[Necessary / unnecessary] 

Gaano po kalaki o karami sa 
inyong kabarangay ang sa 
tingin nila ay hindi kailangan 
ang mga patakaran? 

 

13 Do you think that mangrove 
users from other neighbouring 
villages know about your 
mangrove rules?  [Yes / No] 

Alam po ba ng taga-ibang 
barangay ang mga patakaran 
sa bakawan ng inyong lugar? 

 

14 Can you describe the main points 
of the sanctions relating to the 
village mangrove rules? [Yes / 
No]  +  [Open for summary] 

Ano po ang mga parusa sa 
paglabag sa mga patakaran 
patungkol sa bakawan? 

 

15 Is there a scale of punishment?    Gaano po kabigat ang parusa  
sa mahuhuling lumabag sa 
patakaran? Unang paglabag? 
Ikalawang paglabag?  

 

16 Do you think that if you were 
caught breaking the mangrove 
rules, you would be able to avoid 
the sanctions and not be 
punished? [Punished / Not 
punished / depends on the 
situation]   

Halimbawa, kung kayo po ay 
nahuling namumutol ng 
bakawan, mapaparusahan ka 
ba? Makakaiwas ka ba sa 
parusa? 

 

17 If you wanted to check the 
specific details of the village’s 
mangrove rules, how could you 
do this? 

Paano mo malaman ang mga 
detalye ng patakaran ng isang 
barangay tungkol sa bakawan, 
saan ka maaring magtanong, 
saan ka pupunta? 

 

18 How often do you think your 
fellow villagers break the 
mangrove rules?  [Follow rules / 
ignore rules / mixed] 

Mayroon po bang lumalabag 
sa patakaran ayon sa bakawan 
sa inyong lugar, gaano po 
kadalas? 

 

19 Can you describe the last time 
the sanctions were actually 
applied in your village?   

Natatatandaan po ninyo kung 
kalian huling may 
naparusahan sa inyong 
barangay? 
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20 Do you think potential illegal 
cutters would deterred by these 
sanctions?   

Sa tingin mo, ang mga lalabag 
ba sa patakaran ay natatakot 
sa mga parusa? 

 

21 Is there any deliberate patrolling 
of the village’s mangrove by 
government staff. How often? 
[Yes / No] 

Mayroon  bang  
nagpapatrolya sa mga 
bakawan mula sa munsipyo? 
Gaano kadalas? 

 

22 Is there any deliberate patrolling 
of the village mangroves by 
villagers and how often? [Yes / 
No] 

Mayroon  bang  
nagpapatrolya sa mga 
bakawan mula sa barangay? 
Gaano kadalas? 

 

23 If you see outsiders breaking the 
rules, would you report them? 
[Yes, Never seen, talk with them 
directly/let them cut]   

Kung taga-ibang lugar ang 
makikita mong namumutol sa 
inyong barangay, ano ang 
gagawin mo? 
Hahayaan mo lang ba sila o 
irereport mo ito?  

 

24 If you saw someone from this 
village breaking the village’s 
mangrove rules what would you 
do?  Did you report them?  [Yes / 
Never seen / talk with them 
directly/let them cut] 

Halimbawa kung meron kang 
kabarangay na nakita mo sa 
akto na pumuputol ng 
bakawan  sa inyong lugar, ano 
ang gagawin mo?           
Hahayaan mo lang ba sila o 
irereport mo ito?  

 

25 Do you think the villagers who 
cut without permission know 
about the rules? 

Sa palagay mo ng mga 
gumagawa ng ilegal,tulad ng 
nagbebenta o nag-uuling, 
alam ba nila ang patakaran o 
batas? 

 

26 What motivates them to cut, 
even though there is the risk of 
sanctions? Very poor? Good 
money for the wood? Something 
else? 

Ano ang nagtutulak sa kanila 
para mag-ilegal kahit na alam 
nila ang maaring parusa? 
Mahirap? Malaki ang kita? Iba 
pang dahilan. 

 

27 In 10 years time do you expect 
there to be less mangroves trees 
in this village? 

Sa Kabila ng mga naputol na 
mga kahoy at iba pa, 
pagkalipas ng sampung taon 
,Ano  ang  mga 
inaasahan/situation sa inyong 
barangay?   

 

   Thank you very much for your time. Is there anything you want to ask us? 
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APPENDIX I. REFLEXIVITY STATEMENT 

Reflexivity Statement of the Researcher 

I am a British, Caucasian, middle class, heterosexual male, 43-46 years old over the duration of the 

fieldwork, unmarried, 178cm tall, athletic build, blue eyes.  

I grew up in south and southeast of England, the last of three children in a traditional family that was 

calm, stable and supportive.  Living away from home for months at a time at a private school 

between the ages of 11-18, a process I enjoyed, developed an ability to live in a situation and with 

people not of my own choosing but having to get on with them. The school actively (and family 

passively) placed great emphasis on self-discipline, being organised and a strong work ethic.   

A business undergraduate degree from Edinburgh University (1988 – 1992) led to working in 

advertising in London.  I hoped it would be as interesting as I found the advertising at the time. The 

private sector experience was mixed: pressured project management and working with others in a 

client-facing situation developed communication and presentation skills and professional empathy. I 

was quickly able to put most clients at ease.  But the corporate experience was negative as various 

agencies demonstrated very limited loyalty to their staff or willingness to development them. 

Dealing with internal agency politics was not a skill. 

1997-1999 was in Kiev, Ukraine, within the network I worked for in London. The London office made 

it clear that they took no responsibility for a transfer nor would they offer a place at the end of the 

two-year contract.   Kiev was a formative and stressful experience, developing a new agency with 

people with a very different history. Working abroad did not solve my dislike and disinterest of the 

core activity of advertising, but did ignite an enjoyment of teaching / mentoring staff, travelling and 

living abroad and learning from the process of being abroad.  Much time in Kiev was spent isolated 

as very few people spoke English, which accelerated a developing introverted nature.  The second 

expatriate posting was to Jakarta, Indonesia, with a different agency (2000-2001). There was much 

infighting in the office and poor client – agency relationships. Managing people who did not want to 

work was difficult and I did not do this well.  Similar to Kiev, the travel and learning about a new 

region was something I enjoyed much more than the work, which remained very stressful, became 

less and less interesting and more political with a promotion to Bangkok to take up a regional post.  

At the end of 2002, a mass redundancy of several staff including myself and ill parents meant a 

return to London and decision to change career.  
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A growing environmental consciousness and a decision to follow a passion for trees and forests 

suggested a new life path, using amenity arboriculture as a way into tree-based conservation. Wide 

reading led to mangroves. Volunteering with UK NGO the International Tree Foundation led to time 

with Mangrove Action Project, an NGO I still volunteer and teach for.  MAP’s training in India with 

Robin Lewis (2005) confirmed mangroves as my new direction. “What is required is informed 

supervision between the scientists and the mangrove workers on the ground.” A part-time MSc 

(2006-2009 at distance from Imperial / SOAS) greatly helped with the environmental academic 

backfill and allowed me to move to Thailand late 2006 to work for the local office of a global 

wetlands NGO.  Unfortunately the office manager was inappropriate for that position and ended up 

collapsing that office due to gross financial mismanagement. Despite the intensely negative 

employment experience with this NGO, I remained in Thailand until 2011, continuing to volunteer 

for MAP, until returning to the UK for family reasons.  In London, acting as the carer at home 

provided the opportunity to take part-time PhD in the UK.   

Professional Context as a Mangrove Rehabilitation Educator 

In 2011, MAP invited me to assist the teaching of their community-based ecological mangrove 

rehabilitation training. I have continued to do this teaching throughout the part-time PhD process, 

becoming lead trainer in 2014. Teaching has been conducted in Thailand (x2), Cambodia, Myanmar 

(x4), Suriname, Colombia, Indonesia, Honduras (x2), Senegal and Tanzania. This teaching is 

something I really enjoy and has been the main motivator for the PhD degree. Trainees have varied 

from academics and university deans, Forest Department (or equivalent) staff, NGO staff to village 

conservation group members. 

This professional activity has provided the experience required to interpret new mangrove 

rehabilitation sites when visited, which can be challenging as there are many bio-physio-chemical 

gradients present. But it also suggests that I have a bias, conscious or subconscious towards 

mangrove conservation and against other forms of land use within the intertidal zone, regardless of 

the economics or situation of the local people. It is likely that I lean towards education as a solution 

to many mangrove degradation problems due to the role I play within Mangrove Action Project. I am 

also likely to think of mangroves primarily as a tree-based system due to having been an arborist 

previously, more than a social or ecological system. This is not to say that mangrove trees should 

never be cut, but cut or the resources used in the context of ‘wise use’, in a sustainable manner. 

Choice of Translators 

Finding translators was difficult. Some were too expensive. Others could not commit to living away 

from their homes for the long periods required. The most important quality was being able to 
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communicate effectively and very accurately.  They were also judged on whether they were good at 

engaging me in conversation and comfortable striking up a conversation with others.  Particularly for 

Muslim villages, it was important to choose a female translator as this made it easier to approach 

individual female villagers for an interview.   

Much more so in Thailand than in the Philippines, the effect on the translator of being bilingual to 

this level and therefore travelling and / or working with foreigners affected the translators, as I saw 

with my team of 14 Thais in advertising in Bangkok in 2002.  This level of exposure to influences from 

outside Thailand encouraged them to question their world view, the conservative nature of Thai 

culture and many mores and assumptions, such as traditional gender stereotypes. The advantage 

was that this helped them understand how a foreigner might view Thai and Philippine rural life, but 

conversely might have compromised their ability to fully understand village life. 

In the Village 

As much time as needed was taken to train the translators in mangrove biology and ecology and 

become familiar with the technical terms such as pneumatophore. This might have produced a bias 

for a more scientific, rational view of mangroves but ensured that questions from the researcher 

during interviews were immediately and fully understood, and accurate answers translated back.  In 

the same manner, time was taken over the ethics statement to fully communicate the idea and 

necessity of informed consent and the importance of confidentiality. 

Homestays in the villages were challenging. Local sensitivities had to be observed at all times, which 

for a foreigner are particularly intricate within Thai Muslim villages. The houses were hot, even at 

night, making sleeping difficult. Interior walls do not reach the ceiling or a dropped roof, so at night 

any sound within a house is reflected off the inside of the roof and travels far. Mornings could start 

at 5:15am for first prayer and in some places people were coming and going all night due to 

overnight rubber tapping activity. Therefore only three of four weeks of research were conducted at 

any one time before break was necessary.  We deliberately changed homestay regularly to be able 

to give money to different families and gain different perspectives during informal conversations. To 

this end we stayed in homes whose owners were related to the leader as well as those not related.  

The informal conversations were extremely useful, primarily to understand village politics and how 

politics effected the operation of the village.  Without breaking confidences, we could cross-check 

unexpected discussion topics that arose during the interviews. We also found that interacting with 

homestay hosts day after day meant that the message circulated around the village that we were 

indeed conducting PhD research and were harmless, rather than conducting covert research for the 
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Thai or Philippine government or some other organization. The village leader also announced our 

presence and activity in village meetings.  

Interviewees’ Potential Perception of Me 

What questions did they ask of me personally?  First was always how old I was, as this affected the 

language used by Thais when addressing me. Their ability to guess my age (ranging between 34-55) 

was as poor as my ability to guess theirs.  Their second question was always whether I was married 

and whether I had children. Not being married and having no children was a surprise as for someone 

of my age, being single was very rare in these villages.  I would joke in Thai that I was too lazy to get 

married which would dissipate any awkwardness.  For many Thais the UK was navigated by Premier 

League football clubs and therefore Bangor University was described as 50km west of Liverpool. 

Football clubs were less helpful in the Philippines as they generally follow US basketball. Beyond this 

point, personal questioning usually stopped as my interests, activity, and life history appeared to be 

outside their frame of reference and any discussion centred around issues or concepts brought up by 

the ethics statement, such as the nature of a PhD.  In both countries they expressed surprise that 

someone would be interested in an ecosystem that was not in their own country, and therefore 

assumed that my knowledge of mangroves was very limited. All further questioning would be 

directed towards the translators, particularly the female translators in Thailand.  In Thai Muslim or 

Buddhist culture, a bilingual unmarried Thai woman, without children, working with a foreigner was 

unusual and piqued interest. The benefit of this question-and-answer session was the development 

of mutual understanding, which put most interviewees at ease.   I consciously dressed as I hoped 

was appropriate and in a similar manner to local men – cargo pants, dark polo shirt and flipflops. In 

Thai culture, the idea of ‘shabby-chic’ or dressing down by wearing worn ‘gardening’ clothes does 

not work as this looks slightly disrespectful to the person being interviewed. (A suitable analogy is 

that whereas many state airline flag carriers lease previously used aircraft, the Thai government 

would never consider doing so.)  

The only people who declined to be interviewed were three active ‘professional’ cutters in T2B and 

one professional cutter in T3A, and for two of these four, they only refused a second interview.   

Otherwise people seemed to be happy to talk with us about mangrove issues, community forest 

rules and village life, normally while they carried out their livelihood activity outside their house.  
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APPENDIX J. SAMPLE SET OF COMMUNITY MANGROVE MANAGEMENT 

RULES, FROM VILLAGE T2A. 

 

Mangrove timber use only for:  

➢ house repairs  

➢ new family house (with permission) 

➢ village building like the mosque 

Cutting from the usage areas is only for what is needed and no more. This will be assessed by the 

conservation group (CG). Cut only within the village boundaries.   Cut one mangrove stem, plant two 

(later in the same doc, 5) propagules and these need to be maintained.  

 

Where there is a lot of timber poaching, the CG will establish an active patrol group. If minimal 

cutting villagers are to patrol passively (i.e. while fishing).  

If rule breakers are caught, evidence such as the wood and cutting tools will be confiscated.  First 

offence results in a warning. Repeat offence reverts to national law.  

Other Permitted Activities 

➢ Collection of mangrove NTFPs, e.g. mushrooms, ants eggs, insects, herbs, honey, but not for 

sale 

➢ Collection of dry /dead wood for firewood. But not more than one truck a year.  

➢ Collection of plants for weaving (e.g. Pandanus sp. leaves) 

➢ Extraction of timber to rebuild a house in the event of destruction by fire. Requires 

permission form CG before.  

➢ Extraction of wood for cremation needs permission from CG. Maximum three stems and 

must be dry. 
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Part 2 Prohibitions 

No cutting mangrove wood for sale, firewood or charcoal, only household (hh) use. 

No cutting or collection in the ‘Red Zone’ (i.e. their designated Conservation Area) or fringe 

mangrove 

No cutting for hive collection / ants eggs etc. 

No ringbarking of trees. 

No encroaching, burning except for firebreaks  

Non-villagers cannot use the village’s mangrove, except with permission from the CG 

No sluicing of chemical tanks into the mangrove area 

No littering 

No hunting, otter, monkey, flying squirrels etc, civet cats, snakes, seagulls, orchids for sale 

No livestock in the mangroves 

Do not change or stop the flow of the water 
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APPENDIX K.  RECOMMENDED STATE COMMUNITY FOREST 

MANAGEMENT INPUT FROM THE THAI GOVERNMENT 

 

As an example of potential state encouragement and input to develop community forest 

management (CFM) within a village, the following is a brief summary of the guidelines from the 

DMCR headquarters to Thai field offices for assisting villagers to develop their own management 

systems49. 

Goals and methods 

Trying to ensure that the local people benefit from the mangroves directly and indirectly. Encourage 

villages to participate with government organisations in order to: 

➢ be aware of their duties to take care of the mangrove 

➢ protect and take care of the resources 

➢ plant and restore degraded areas 

➢ use wisely 

➢ be knowledgeable and understand the ecosystem, so as to comprehend the cause and effect 

from degradation and extraction. 

Pattern and Range of Villagers' Participation 

➢ The village conservation group should help produce their own conservation rules 

➢ Degraded ecosystems have an affect wider than just one village. Villages should form a 

network, collaborating with outside groups to solve natural resource degradation issues 

➢ Villages should establish working groups of villagers to study and solve management 

problems  

➢ If there is conflict between villagers and the government concerning marine and coastal 

resources, such as around policy or projects, these should be solved by a public meeting, so 

the people have the right to make their own decisions. Decision making should be supported 

by data from a neutral (external) organisations.  

DMCR Guidelines for Community Mangrove Management Rules 

➢ They must be set by the community including establishing villagers' mangrove usage rights 

➢ They must be accepted by villagers 

 
49 Translation by the researcher’s field assistants. Summarised by the researcher. 
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➢ Rules breakers should be fined and punished according to the community's rules 

➢ To ensure the rules are effective the conservation group needs to be strong 

➢ The conservation group needs to be supported by outside organisations such as universities 

to learn about how to manage their group and village resources more effectively 

➢ Villages should survey their mangrove boundaries and map them.  

➢ Conservation group managers need to run stakeholder analysis to understand who benefits 

from the mangroves, and identify issues and problems stakeholders and others face 

➢ The conservation group should meet and plan together and co-ordinate with the relevant 

government agencies 
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APPENDIX L. TREE CONDITION RATING PHOTOS 

 

 



282 
 

 

 



283 
 

 

 



284 
 

 

 

  



285 
 

APPENDIX M. TRANSECT DATA COLLECTION SHEET 

Mangrove Transect Number 

Village Code                                Zone.                             Date.                         Time start 

GPS Start Point 

Sample 
Point 

Quarter PCQM 
Distance 
(m) 

DBH 
(cm) 

Height 
(m) 

Con. 
Rating 
(A-D) 

Species # Cut 
Branches 
on PCQM 
tree 

Salinity 
Av 

Hemi-
spherical 
Photo Ref 
# 

Juvenile 
Count 
Per 
12.5m2 
Left 

Juvenile 
Count 
per 
12.5m2 
Right 

# Cut 
stumps 
per 
(25m2 
each 
side) 

1 A       L    L 

 B        

 C       R  R 

 D        

2 A       L    L 

 B        

 C       R  R 

 D        

3 A       L    L 

 B        

 C       R  R 

 D        

4 A       L    L 

 B        

 C       R  R 

 D        

5 A       L    L 

 B        

 C       R  R 

 D        

6 A       L    L 

 B        

 C       R  R 

 D        

7 A       L    L 

 B        

 C       R  R 

 D        

8 A       L    L 

 B        

 C       R  R 

 D        

9 A       L    L 

 B        

 C       R  R 

 D        

10 A       L    L 

 B        

 C       R  R 

 D        

             

Notes             

 

 




