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Abstract

Mangrove ecosystems in the Philippines have suffered from severe degradation attributable
to the aquaculture industry during the leshtury which haded toacue deterioration of the
diverse flora and fauna communities and a plethora of-véidging subsequent ecological

and economicampacts The remaining 35% of forests are now fully protected by national
laws, however mounting pressure from an escalatimgam population and rising sea levels

are increasing threats. It is now more crucial than ever to present sound scientific evidence to
encourage mitigation ofa new sustainable direction for aquaculture, effective law

enforcement and rehabilitation scheme

This study directed its focus on two economically important areas of research; the production
and protection of milkfish ponds in the Municipality of Ajuy, Panay Island. Key response
variables analysed were the harvest volume and breaching of poes Ik utilising
interview data on milkfish pond management and community structure measures of adjacent

mangrove forests.

A multiple regression analysis revealed a significant positive correlation between harvest
volume and mangrove area (p=0.91dupporing the hypothesis that mangrove ecosystems
significantly improve extensively farmed milkfish pond production. Pond production was
also a significant function of pond drying time (negative correlation at p=0.040) and organic

fertiliser (positive at p=0.04).

A general linear model with Gamma errors showedpita#ection response variabtene

sine the last dike breachirtg be significantly positively correlatl with mangrove width
(p=0.029), which may battributed to an almost significant reduction pnoportion of
breaching caused hwave action (p=0.053

These important findings have identified key areas for future research, and can be utilised to
encourage mangrove conservation and rehabilitation and mangrove friendly aquaculture

schemes both ladly within Panay and worldwide.

Word count: 14,909
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1.0Introduction

Worldwide mangrove ecosystems have bdecimatedas a reslt of economic progress and
pressure from an increasing human popularmavera 2006) The effects of this can be
seen most clearly in Southast Asia with the development of brackistater ponds
(Primavera 1995; Primavera 2006&)ong coastlines in many of the 7,100 islands constituting
the Philippine Archipelag@Primavera ad Esteban 2008)Approximatelyhalf of the 80%
deforestednangrove forests have been cleared for aquaculRrmmavera 1995; Primavera
2006)leaving much of the coastline exposed to the twemnyo annual typhoon@rimavera
1995) and a significant deficit of the plethora of ecosyst&rvices provided to the local
communitiesandflora and faunahat previously flourisheth theseonce productivénabitats
(Primavera 1995)

It is now the 11 hour for what little remains of these invaluable ecosystems, however lack of
funding and resurces, powerful lobbying parties, conflicting policies, poor law enforcement
andcorrupt governments inhibit the vital progress of mangrove protection and rehabilitation
(Primavera 200Q) The only remaining option is to mitigate a way forward to benefit both
mangroves and economic development, and to do this the scientific community must provide

evidenceconvincing the @vernmentand other stakeholdeo$ their importance.

Numerous reviews describe the protective function of mangrovesuffering adjacent
coastlines against stornf&ilbert and Janssen 1998; Rénnback 1999; Barbier, Koch et al.
2008; Walters, Ronnback et al. 2008; PolajoCarpenter et al. 201,0and commnities as

long ago as the 1980mplementedreplantingschemedor this purposgPrimavera 2000)

Although, their protection weanot legslated until the 198) and prior to this citizens were
actively encouraged to remove these ndwastel
(Martinez, Tseng et al. 2006)

A minority of communities in Soutkast Asia integrate mangrovesonservationand
aquaculturedevelopmentn a practice known asangrove friendly aquaculture (MFA). The
extent and purpose of MFA varies thrbwogt the region, and in total there are six MFA
systems; traditional (shrimp producinggi waiin Hong Kong andtambak (for fish and
timber) in Indonesia; silvofisheries in Indonesia (to prevent ford&ingries conflict); mixed

shrimpmangrove systems in Vietnam arajuailviculture (of fish and mud crabs) in the
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Philippines and Malayai(Primavera 2000) The extentof MFA in the Philippines is still

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

There havebeenvery few studies documenting the benefit of mangroves on aquaculture
production (functioning as a waste effluent treatment se@cenavera, Altamirano et al.
2007) and through provision of nutrienich waters(Ronnback 1999; Focken, Marte et al.
2000; Polidoro, Carpenter et al. 2010and this could beraeffective tool for advertising

their importance to the industand policy makers.

Therefore, this projedts f docparsaythe venefits of mangrove ecosystems on fish pond
production in the Philippines, spécally in the island of PangyRegion VI Panay is among
the firstareaswhere fish pond development wadroduced,and isin the most extensivel

developed regionfor aquaculturen the countryPrimavera 1995)

Results will be utilised by ZSlloilo for future meetings with Government departmelttie
Bureau of Fisheries and Aquatic Resources (BFAR) and the Department of Natural
Resources (DENR)involved in mangrove protecin and restorationand the aquaculture
industry. Hopefully this will aidattemps to improve law enforcement and encourage
rehabilitation of thelarge proportion ofabandoned and underutilised ponds in the region

(Primaveraand Esteban 200&ack to their former ecosystem

Mounting pressure from escalating coastal populations and rising sea levels are threatening
the survival of the few remaining mangrove forefi§alters, Roénnback et al. 2008)
highlighting the extreme urgency tiiis researctbefore the 1@,000 hectares ofatural forest
constituting some of the most diverse mangrove ecosysitentse world (Primavera,
Altamirano et al. 2007; Polidoro, Carpenter et al. 20h8fomenothing more than a distant

memory.

1.1  Aims and Obijectives

1.1.1 Aims

The aim of this research is toontribute evidence suppony mangrove protection,

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

11



convey to adjacent extensively farmed milkfish ponds. aghieve thishte project will have

two key focuses; i) pond productivity, and; iiyqiection.

1.1.2 Objectives

1) Identify enhancementsn fish pond productivity as a result of mangrove ecosystem
services.

2) Assesghelevel of protection conferred to fish ponds by adjacent mangrove stands.

It is anticipated thathe results of thistudy will supportmangrovelegislation protection,
replantingand MFA developmenschemedn Panay and at a more local scale within the

Municipality of Ajuy.

1.1.3 Hypotheses

H1= Mangrove ecosystems significantly improve production of adjandkfish ponds
H,= There exists a significant correlation between the area of a mangrove stand and the level

of protection it confers to adjacent milkfish ponds

1.2 Thesis StructureOverview

Section 2 provides a detailed overview of the importance of mangrove ecosystepsst,the
present and future of tha&quaculture industry in the Philippines and iitglications and
impact on mangrove forestand vice versa Mangrove legislation and controversies
surrounding their protectioare also discussed, includitgw this project dmowledges a
key gap in research which will hopefully benefital improvements in attitudes ariaw
enforcemendf; mangrove protectiormangroverehabilitation MFA and fish pondicensing

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

and statistical analysis of the collated results.

Section 4 details the results oloiad from the statistical analyseincluding summarised

tables and graphical representations of key findings.

12



Section 5 discusses thefsadings in relation to the current literatyany future implications
for conservation that can be surmised and how the results can benefit and guide policy
amendments.  Strengths aditations of the project shall also be highlighted and

scrutinisedand recommendations for future work shall be made.

2.0Background

2.1 Mangroves

2.1.1 Mangroves and EcosystengrSices

Mangroves are unique forest ecosystems that grow in the intertidal haiitabpical and
subtropical region§Janssen and Padilla 1998)dare extremely important, both ecologically
and economically(Holguin, Vazquez et al. 2001) They proide a plethora of ecosystem
servcesbenefiing the surrounding environmeahd human populations locally and further
afield.

Ther complex aboveground root systems offer an ideal habitatffeh and shrimgry (as
nurseies with reduced predation Vels (Manson, Loneragan et al. 2005and sedimentary
organismsthereby benefiting lo¢disheries The trees and rootsre extremely effective at
trapping and stabilising sedimerand retarding wave action and water flpall of which
contribute to theirwater qualiy control, erosion control,flood mitigation and storm
protection properes (Gilbert and Janssen 1998; Janssen and Padilla 1999; Ronnback 1999;
Ronnback, Troell et al. 2003As mangrove environments develop in complexity, the greater
these benefits becon{®anson, Loneragan et al. 2005y he biological production dilora

and faunas utilised by humans in numerous waf@;, example for foode.g. 600kg each of
fish and shmp perhectare of mangrov@Primavera 200Q) wine, livestock fodder, tannins,
medicines, dyes, timber focharcoal, fiewood, construction of homes, furniture and fishing
equipment which are often the only eans of income for many coastabmmunities
(Primavera 1995; Primavera 2000; Primavera 200@angrovesalso act as carbonngs,

both in thér wood but more so in the layers of sediment which store large amounts of organic

13



carbon, up to one order of magnitude greater than that found in other tropical (i®ossts,
DahdouhGuebas et al. 2008)

There is considerable controversy over the economic valuation of these services, partly due to
the fact that manfunctionssuch as water quality control and flootigation are extremely
difficult to estimate(Primavera 2006) ValuationsrangebetweenJS$101 4,000 per hectare
peryear for foestry productand US$775 11,282 per hectare pgearfor fishery products
(Primavera 2000}otalling US$1.65 trillion peryear when combined with tidal marshes
(Primavera 2006)

2.1.2 Mangroves in the Philippines

35% of the worl dbés man g reasvAsia, inad B85 oftthe glegbale f o u
total of 70 mangrove species che found in the Ind®Malay Philippines Archipelago,

earning its title as the most biodiverse mangrove region worldw{eimavera 1995;

Polidoro, Carpenter et al. 2010)The Philippines alone supports 15 famili@sd 30640

specieof major and minor mangrovéBrimavera and Esteban 2008)

70-80% of these important and diverse ecosystientge Philippineshave been cleared as a
result of human activity and thgpda ni on t hat they are no mor e
which was ingrained in policy up until 198Rrimavera 2000; Martinez, Tseng et al. 2006)
Although this devastatintpss is not confined to the Philipygs,asglobally more than one

third of mangroves have been |d$tom 19.8 million hectaresn 1980to 14.7 million
hectarep (Primavera 2006; Bosire, Dahde@®uebas et al. 2008)Due toexpansionof the

human populationn the Philippinesirom 10.3 million in1918 (Primavera 2000jo 99.9

million in 2010 (Central Intelligence Agency n.d.andaquaculturepond developmenin

excess ohalf a million hectares of mangrove have meeduced to 12000 hestares in the
timeframeof 76 yeas (Primavera 2000(see Figure.1.2.). Approximately half of this loss

can be attbuted to the development @5% of brackishwater pondsrom 1951 to 1988
(Primavera 1995; Primavera 2000; Primavera, Altamirano et al. 2007; Primavera and Esteban
2008) Such asignificant decrease in mangrove quality and quantitydissstrousmpacts

on their ecosystem functioning, amé@sultant decreasing conditionsuch as sediment

14



instability, feedbackinto the systemacceleratingtheir deterioration(Gilbert and Janssen
1998)
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below (A and B) show a ehr correlation between mangrove loss and a rise in aquaculture
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2.2 Aquaculture

2.2.1 History

The concept of fish farming was first introduced to the Philippines around 400 years ago,
although historical records show it had been practiced in Indonesia for é808agtars prior

to this(Lee, Leung et al. 1997)The typically farmed speci@s Southeast Asias milkfish
(Chanos chanso r 6 b)aanngtives tébpical marine spiesand the natioal fish of the
Philippines (Lee, Leung et al. 199Martinez, Tseng et al. 2006) The majority of its
production supplies the national marleeting as the largest contributor of animal protein,
rather thanfor internationalexport (Focken, Marte et al. 2000)Its fast growth andhigh
tolerance to a wide range of environmental conditions (i.e. temperature and gAliants
1998), handling andliseasemake it an ideal species tarm (Martinez, Tseng et al. 2006)
Alongside fish farming, lwimp farming was also a significant contributor to the widespread

loss of magroves, particularlguring the198Gs shrimp industryboom(Primavera 1995)

The sudden risin aquacultureluringthe mid20" century(see Figure 2.1.2), peaking at 4
5,000 hectaresf pond construction peyear (Primavera 2000yas aided by international
funding in the form of loans frommultilateral development agencies such as the World Bank,
Asian Development Bankndthe International Bankor Reconstruction and Development
(who donated a total d§S$23.6 millionin 195Q US$368 million in 19781984, andJS$10
million in 19881993for aquaculture aid and subsequent government loans to pond owners
(Primavera 2000)

In 2007 the Philippines was ranked as tHet@ fish prodeing countryin the world,
contributing 3.02% of totagjlobal production. Until 1995 the Philippines was the largest
producer of milkfish, and togetherith Indonesia and Taiwan supplies9 % of t he wor
cultured fish(Focken, Marte et al. 2000)Production is still growing (reaching a 5% yearly
increase in 20083s a result of increased intéitation of farming {rom 35kg per hectare

per yearin 1955 to almost ,27%g in 1990, and in Panaynore than 98% of aquaculture
production is from fish ponds (Bureau of Fisheries and Aquatic Resources 2008)

Aquaculture contributes a total of 2433% of theP hi | i pSpogssnDerestic Products
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(Bureau of Fisheries and Aquatic Resources 20a8)l is therefore a vital industry to the

countryds economy

2.2.2 Management

Milkfish are farmed under thremanagemenintensities classified according to their inputs
(i.e. fertilisers, feedsantibioics, pesticides,and aeration devices) and stocking densities
(Stevenson, Irx et al. 2003; Martinez, Tseng et al. 2006)ensivédy and semintensively
farmed pondstock between 8,0080,000 fry petectare, ath extensive ponds stock5DD-

6,000 fry perhectare(Sumagaysayhavoso and San DieddcGlone 2003) It costs four
times more to rearry in an intensive system compared to extensive due to the increased
labour and development costs, and it is therefore often more beneficial to farm milkfish semi
intensively(Lee, Leung et al. 1997; Janssen and IRadB99; Stevenson, Irx et al. 2003)
The majority of fish ponds in Panay, anmmhrticularly the Municipality of Ajuy are

extensively farme@Jaworska 2010; Primavera 2010)

Extensivemilkfish ponds feed their frgxclusivelyon a diet of two types of algae, known
locallyas Ol abl abé and 0]I.uThesecobtair(s a gaeietyobluggreere 2 . 2 .
algae (or cyanobacteria)ematodescopepod and small crustace@agarinao and Lantin
Olaguer 2000; Primavera 2010)Algae is grown prior to stocking the pond with fry by
applying organicand inorganicfertiliser (Sayeed, Alam et al. 2007q}ypically chicken
manureand uregJaworska 2010)to the bottom of a dry pond, thallowing water to enter
to the depth of appximately 5cm. Agae beginto grow within a few days and the fry are

stockedonce it covers the entire pond surf§Bagarinao and Lanti®@laguer 200).
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Figure 2.2.2.1:A picture showing algae beingultivatedin an extensively farmednilkfish
pond in preparation for a new harvest.

In more intensively farmed fish ponds additional fémmhsisting of fish meal, fishoif t r a s h 6
(raw) fish (Primavera 2006)rice brain and bread crumbis) utilised tocompensate fothe

greater number of stoctdry. Fsh are typically fed 2% of their lody weight depending on

their size (decreasing with an increase in)siaed sudies have shown that feeding above 4%
increasingpond pH, total ammonianitrogen, and phosphore®ncentrationgnd decreases

the dissolved oxyge(DO) content of the wategll of which increase fish mortalitgs well

as damaging the surrounding environment due to the release of toxic (&stesgaysay

1998)

2.2.3 Pests

One of the major pests presentnrilkfish ponds is a small snaerithidea cingulata 2-

40mm shell lenth (see Figure 2.2.3.1which naturally ocurs at low densitie§l-470 per

m?) in mangrove forests.Due toa lack of predators, stagnant waters and high nutrients
contentin brackishwat er ponds a phenomenon knqgwn as
wherebythere is a population explosi¢h00-5000 pem?) uncontrolled by normal ecological
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mechanisms This is further enhanced by the ability of snailsatithdraw into their shells
until the harshenvironment becomes more favourafBagarinao and Lanti®@laguer 200Q)

It has been reported that large snail populations compighefish for DO, nutrients and
space, and increase concentrations of ammonia and sulphide when they rot, further
decreasinghe DO supply. This has ledssome farmers to claim that snails reduce harvest
yields by up to 60% (Bagarinao and Lanti#®laguer 200Q) Previously operators used
triphenyltin (TPT) compound nllascicides to control populationshowever thesenon
biodegradablechemicas havesince been banned because tlo¢ir toxicity to humans,
bacteria, algae, invertebrates and fi§loloso and Borlongan 1999; Bagarinaiod Lantin
Olaguer 2000; Primavera 2006PDtherreviews statehat the snails improve pond quality by
treating pond waste (i.e. eating bacteria, excessdeédarganic matter) and their egg strings
and faeces provide additional fish feduereforethere is some controversy dheir overall

effects(Bagarinao and Lanti®@laguer 200Q)

Ve b U {

Figure 2.2.3.1: Snail (C. cingulatd) shells removed from a dried pond bottom in Ajuy
Milkfish ponds areommonly lined with piles of these shellsat are periodically removed
between harvests.

An additionalmethod for killing snails is to dry the pond between harvests. Pond drying is
also essential to oxygenate the soil and release-upiitbxic gases (from organic and
inorganic matter), all of which enhanedgae growth anghond productivity(Masuda and
Boyd 1994; Boyd, Wood et al. 2002)
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2.2.4 Impacts

The use of fertiliser and additional feed aquaculture pondsreates nutriet loading(i.e.

high levels of suspended solids, nutrients and organic maifegffluent watersinto
surrounding mangrovefrimavera 1995; Sumagays@yavoso and San DiegdcGlone

2003) (see Figure 2.2.4.1)This can have a positive effect on tlwe®y/stem, afPrimavera,
Altamirano et al(2007)found that inceased nitrogem adjacent mangrowwaters improved

Nipa palm Nypa fruiticans)seealling growth. Similar results were obtained from a study by
Boto and Wellington(1983) who showed that litter produoth and decomposition are
enhanced with additional input of nitrogen into the mangrove forékiwever oncethe
recommendednangrove:pond ratighresiold (of 4:1 hectares)s exceededsee Section
2.3.1) nutrient loadinghas negativeeffects on theecosyst mé s f | or @rimaverd, f a un e
Altamirano et al. 2007; Polidoro, Carpenter et al. 201Dhis threshold islependenbn a
number of factors such as; the magnitude and chemical composition of effluent waters;
dilution rate and quality of receiving watdRaezOsuna 2001)seasonal variation in riverine

and dfluent fluxes and flushing rate of expelled pond wat@emagaysayhavoso, San
Diego-McGlone et al. 2004) Harmful consequences inclydeduced light penetratioand
snothering of benthic faung@Jones, O'Donohue et al. 200X¢duction of water quality
(Costanzo, O'Donohue et al. 2004; Primavera 2008)accumulation ofresidues and
possible alteration of phytoplankton comntigs, encouraging toxic blooms in the worst
case scenaridPrimavera 2006 Effects vary according to pond maturif{Costanzo,
O'Donohue et al. 2004)he size and scale of production and capacity of the receiving waters
(P4ezOsuna 2001) This high nutrient loading is expected to more pronounced in intensive
ponds as a result of greater inputs and stocking den@tigsavera 1995; Stemson, Irx et

al. 2003; Martinez, Tseng et al. 2006; Primavera 2008pwever it can be argued that
extensive ponds are in fact more damaging as their construction demands a wider area of

mangrove clearander smaller harvestgolumes(Primavera 2010)
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Figure 2.2.4.1 A picture taken at one of the survey sites in Ajuy during high tide, displaying
nutrient loading of pond effluent waters into the adjacent mangrove stand

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

tropics (Janssen and Padilla 1999; Polidoro, Carpenter et al. Z0iDhe consequential

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

through harvesting of fry and broostock (gravid females)and damage to bycatch
(Primavera 2006)

Overall impacts haveresultedin; reduced income and food securifRonnbéck 1999;
Primavera 2006)salinisation of domestic and agricultural water supplies; anchan righs
abuse and cases adnflict andviolencedue to overlapping interests of terrestrial and marine
livelihoods and disputes over landwnership. These areften exacerbated by the
privatisation of and blocked access to government paoblic lands and wateways
marginalising coastal communities the leasing of the sanaeaof land to two separate
parties(Primavera 2005; Primavera 2006; Xavier, Stevenson et al. n.d.)

Traditionally fish ponds were stocked withldvseed (fry) collected from mangrove estuaries

(see Figure 2.2.4)2however as demand féry grew exponentionally along wittish pond
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development and a corresponding decrease in mangrove habitat, wild stocks began to suffer
and declingMartinez, Tseng et al. 20Q6)'he concept of hatchefgaptivelyreared)ry was
then introduced to the industry, although this still required colleaifowild brood stock
further reducingboth fish (Ronnback 1999)and shrimp(Primavera 2006)populations.
Producers are now utiliginshrimp (Ronnback, Troell et al. 200&)nd milkfish (Jaworska
2010)fry andbrood stock imported from oth&outheast Asiarcountries such as Thailand
which increasgthe risk ofdiseasetransmissionyeduction of wild genetic stock fitness if
stockescape from pondsind mixing of genetically differenmilkfish populations, of which
there are at least eiglifRonnback 1999; Martinez, Tseng &. 2006; Primavera 2006)
resulting in reducedyenetic variation Wild seedis the preferred choiceoff operators
because hatchery fry develop a greater number of deformtoes example ofthe
branchiostegal membranme fish), leading to reduced graty and higher mortalies (due to
deformities parasite infestationgansit and acclimatisation)However, manyoperatordave
no choice due to unpredictable and limited supply of wild gbtdtinez, Tseng et al. 2006;
Jaworska 2010)

Figure 2.2.4.2 A local fry collectorharvesting wild milkfishseedfrom a river adjacent to a
fish pond and mangrove forest.
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The milkfish industry provides employment for approximately oméion people in the
Philippines(Focken, Marte et al. 2000and ®me reviewseportthat aquaculture is pfpoor

as it providesinequality reducingjobs for unskilled workerswhich constitutesa large
proportion of their incomg¢Focken, Marte et al. 2000; Stevenson, Irx et al. 2003; Xavier,
Stevenson et al. n.dowever the industry is monopolizég a few ownersmost of whom
live away in cities and niatain ther pond purely as a means of owning land or for a leisure
break, resulting in ponds that are undeutilised poorly managedand that waste land
(Stevenson, Irx et al. 2003; Xavier, Stevenson et al. n.¢gh.,nYéh)(see Figure 2.2.4)3

'?,‘:l'-."-‘.fﬂg-‘i‘-i‘-‘.‘ e R A = R e

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

2.2.5 The Future of Aquaculture

An escalating human population means that demanaiifkfish is continuing to riséBureau

of Fisheries and Aquatic Resources 2088)1 as mangroveofests are now fully protected
(Primavera 200Q)one of the few remaining options is to increase farming intensification.
This can be achieved directly by increasing fry kitog density, but also by improving the
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abundance andurvival rate of hatchery frythrough expansion and improvement of
hatcherieqlsrael 2000) The man controversies surrounding themgproacksarewhether

i) fish ponds hae the capacity to farm senmtensively or intensively (i.e. they can afford
aeration pumps, adwnal feed andertiliser), and; ii) the surrounding mangrove ecosystems
areable to cope with thhaeightenedhutrient load in effluent watefsom ponds andhatchery
farms(lsrael 2000) as manyare alreadysignificantly lower than theestimated required 1-8
22:1hectaresnangrove:pond ratiPrimavera, Altamirano et al. 2007; Polidoro, Carpeate

al. 2010) The question is, who will bear the economic costs of mitigating these
environmental costs Renmangrovewaste water treatment servécare not effective enough
(Israel 20007

It is possible for mangroves angh ponds to coexist and benefiteoanother in a system
known as MFA(Primavera 2000; Bosy DahdoukGuebas et al. 2008)This type of farming
occurs in various forms throughout Sowihst Asia(see Section 1.()owever its practice is
restricted to amall minority of cultures. Studies have shown that integrated mangrove and
shrimp farms a more profitable than bare shrimp pon@satier 2002) Even so,t is not
common practice and many owners are adverse to the idea for various reasons, such as the
trees will make pond management more difficult and time consuming and will increase pond
acidity which is harmful to the fisifJaworska 2010) There is a wide niche available for
expansion and development afuasilviculture and SEAFDE(QSoutheast Asian Fisheries
Development Centgrhave recently released guidelines for sustainable aquaculture in
mangrove system®agarinao and Primavera 2005l that remains is to alter the ingrained

attitudes of the fish pond operators

2.3Reviewsof Mangrove Benefitsfor Aquaculture

2.3.1 Waste Water fleatment

One of thegreatesbenefits of mangrove®r aquaculturgoonds isthe uptake andreatment
of contaminated wastén effluent water by the trees andnicro- and macreorganism
inhabitants which hasalso been shown to increase manggogrowth(Gilbert and Janssen
1998; Primavera, Altamirano et al. 2007he economic cost dhis service is estimated to

be US$1,193 5,820 pethectareperyear based on sewage treatment plant construction costs
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(Gautier 2002 At one site m Sri Lanka, water purification services have been estimated at
more than U$1.8 million peryear (Polidoro, Carpenter et al. 201Mlowever there is a
threshold to this servicestimated at 1-22 hectares of mangrove to one hectare of pond
(Primavera, Altamirano et al. 2007; Polidoro, Carpenter et al. 2(3H® Section 2.2)4
which is exceeded if the level of wastbecomes too large or tieangrovepondratio too
small (Gilbert and Janssen 1998fnnback 1999) The key point to note is that all estimates
surpasghe current national 0.5:1 mangrove:pond ré@aomavera, Altamirano et al. 2007)

If this limit is exceeded, consequences include contamination of ponds (from untreated
influent water)i.e. selfpollution, and subsequent deterion of stockquality and quantity)

and the surrounding mangrove ecosystamsedby bioaccumulation of toxins in mangrove
ecosystem food chain&ilbert and Janssen 1998; Focken, Marte et al. 2000; Ronnback,
Troel et al. 2003; Polidoro, Carpenter et al. 2010)

2.3.2 Nutrient Inpus

Mangroves are highly prodtive ecosystems, which beneditljacentaquaculturgponds by
providing food inputs in the form afutrients,organic matteralgae invertebrates and fish
(as naturally recruited seed stockElping to improve the natural productivity of the pond
(i.e. algae)utilised byextensive and semntensiveoperators foistock growth (Gilbert and
Janssen 1998; Ronnback 199%cken, Marte et al. 2000; Holguin, Vazquez et al. 2001;
Polidoro, Carpenter et al. 2010n one case study it was estimated that bacterial and fungal
film on mangrove leaf detritus constituted 30% of the diet for farmed shiifpnback
1999) Anotherreview foundthatgrowth offarmedprawns was much greater pondswith
abundant meiofaun@lartin, Veran et al. 1998a directinput from mangroves into adjacent
ponds with each high tidgkonnbéack 1999; Holguin, Vazquez et al. 200Rjimavera, Binas

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

surrounding mangroves for one mon#fdre requiring supplementary feeding.

2.3.3 Protection

Not only do mangroves shelter inhabitants of coastal communities from storms and typhoons
(e.g. in India monetary losses following a typhoon for a marmgpootected village were
US$32 per household, cosmed to US$134 penousehold in villages without mangrove
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protection(Bosire, DahdowGuebas et al. 2008)hey also confer protectidor aquaculture
ponds (Rénnback 1999) Their complex root systems trap sediment resulting in land
accretion that functionglongside the trees themselvas a bufler against wave action
(Walters, Ronnback et al. 2008)

This protection can be broken down into numerous economic benéditsa range of
stakeholders, for example fish pond owners save money by avoiding additional dalour
materialcosts for dike maintenance and replacing lost stask is estimated that typhoon
damage causes aannual 10% reduction of fish harvest&ilbert and Janssen 1998;
Primavera 2006) Coastalcommunitiesprofit, and manyvoluntarily plant mangrovéees to
increase protection against typhogiWgalters, Ronnbéack et al. 2008)Govermments also
benefitby evadingextrainvegments in infrastructureeinforcement and repaiand paying
out emergency cost&Gilbert and Janssen 1998; Rénnback 1999; Primavera .2086)
examplewhen Typhoon Frank hijuy in June 2008communities and thelivelihoods were
decimated and governmenaid wasprovidedin the form of6,000 fry to all fish ponds
(Jaworska 2010)

A study by Barbier, Koch et al.(2008) found that the protection service provided by
mangroves is not a linear function, and therefore small losses of forest will not cause a
significant decline irtree wave attenuation. This provides evidence to support the loss of
mangrove forests feeconomic development, but only to a certain degree. They suggest that
the maximum los affordable by forests is 20%hich agreesexactly with the earliest
guideline of 20%mangrove to pond conversion 4:1 mangrove:pond ratrecommended by
Saegner eal. in 1983 (Primavera, Altamiran et al. 2007; Primavera and Esteban 2008)
However the majority of mangrovés the Philippines havéar surpassed this recommended
limit of forest clearancgPrimavera, Altamirano et al. 2007)One would expect this

thresholdto vary depending on the maturity and community structure of the mangtand.
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2.4Law

2.4.1 LegqislationShortfalls

Fish pond development and subsequent mangrove loss was until fairly recently encouraged
by the Philippines Government, in the form ofmonetary loans and allocation and
privatisation of mangroves to individualnikowners (Primavera 1995; Primavera 2000)
This inequitabledistribution of landcommencingat 100 hectares papplicant in 1937was
reducel to 50 hectares in 1959, resultiogerall in 54.2% of the land being allocated to
16.9% of families(Yap n.d.) This tenurial mechanismknown as a Fishpond Lease
Agreement (EA) is aGovernment policy in which farmers are leased land for 25 years for
milkfish pond development under set guidelines defmethe FAO 125 Series of 197&/ap

n.d.) Howe\er, up to onghird of fish ponds are only partially managed or abanddsee
Figure 2.2.43) and violate terms of their FLA (ithey possess onea problem which is
exacerbated by low rental pricgpreviously US$2 per hectare peyear) and poor
enfacement of existing regulationg-or examplethere is no system fdaracingowners not
adhering to FLA regulationgonds violatingegulations do not have their licence abolished,
andin 2006 onlyPhpdl.6 of 5 millionwas collected for fishpond reimt Region VI(Yap n.d.)
Weak law enforcement also means that whemond is abandoned or underutilised, or its
FLA has expired, the land is not reclaimed by the government for mangrovelitatiabi
(Primavera and Esteban 2008FAR and DENR, the Government departments responsible
for FLA licensing are very poorly organised amaisureof their responsibilities. As a result

in one casstudy it took a totalof 16 yeardor a fish pondhathad its FLA cancelled (due to
nontdevelopment and nerental paymentlto be reclaimedoy the DENR for reversion
(Primavera 2010) These inadequacies iraquaculturelegislation arecurrently being
addressedhrough workshops with NGOs and@rnmentepartmentgKoldeway 2010)

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

in Government policy, for example waste water treatment, soil stabilisation and flood
defences, and ar e tRombaeki1998)d@s tlen besefitgresogagt 0 f r e €
if they were to be internalised, it would jeopardise the economic stability of the aquaculture
industry, and many believe thahe world community should shoulder the cost of

incorporatingthese servicesto the economyJanssen and Padilla 1999)he aquaculture
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industry is monopolised by a small elite of very powerful individuhlsreforeany proposed
alterations to policy are lobbied agsi and prevented. In the 1%$98n attempto increase

FLA rents to US$40 per hectare pear in anendeavouto capturesome ofthe opportunity
costs of mangrove ecosystems was halbgd force opposition from lobbying bodies
(Primavera 2000) Pond rent and FLA legislation were eventually increased to Php1,000 per
year per hectare (in 1991 and 208g5pectively)despite lobbyinggainst FLA rent increase,

whichwas dismissed in Court in 200Brimavera 2010)

Mangrove protectionn the Philippinesalso suffers as a result of overlapping polides.
between th@ENR and the Department of Agricultu(®A) (Gautier 2002)and bureaucratic
corruption which as a result undermines any international treaties @AMSAR
Convention, the Convention on the Prevention of Marine Pollution, CIaE®& the
International Tropical Timber Agreemeérdr national laws. &r examplein the pastcash

bribes for real estate taon coastal landvere commonly acceptedithout checking the
mangroveprotectionstatug(Primavera 2000; Polidoro, Carpenter et al. 2010)

Despite mangrove rehabiition and replantingccurring as early as the 1330y schools

and communities,the Government did not legislate mangrove protectiotil the 1981
Agenda 21landt hey wer e stil | l i sted as fAsiMa8hpl ands
(Primavera 1995; Primavera 2000; Primavera and Esteban.2008)

Where mangrove protection does exist, it is often not adhered to, and proof of this can be
observed in thedistinct lack of the legally requird 20-100m wide coastal greenbelts
throughout the countrfPrimavera 1995; Primavera and Esteban 2008)

2.4.2 MangroveReplantingand Rehabilitation

Governments are becoming increasingly aware of the protective function and to a lesser
extent other services of mangroves, and as a result are erghémein protection through
legislation enforcement and mangrove rehabilitafidfalton, Le Vay et al. 2007; Bosire,
DahdouhGuebas et al. 2008 However the majority of repiding has been conducted in an
inefficient manner(see Figure 2.4.2)1due to lack of consideration of the ecology and
topography of the site and a desireptantas convenientlyas possible.In the Philippines,

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

favours the genuRhizophoraas the seedlings are large and therefore easy to collect and
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plant (Primavera and Esteban 2008YThis hasculminatedin a high proportion of failed
replanting effort10-20% success rategnd monespecific mangrove stands of species that
are not ecologically suited to the area in which they are plgsesFigure 2.4.2)2do not
consider natural zonation patterrseéSection 2.% andbr have replaced a previous highly
diverse forestWalton, Le Vay et al. 2007; Bosire, DahdeGluebas et al. 2008; Primavera
and Esteban 2008) Consequently governments are wasting limited funds (approximately
US$204 per hectar@Bosire, DahdoutGuebas et al. 2008y not conducting necessary
research and attempting to cut corners in expenditure.

Figure 2.4.2.1 Seedlings
for mangove rehabilita
tion left abandoned in
their bags at the degraded
mangrove stand where
they were intended to be
planted.

Figure 2.4.2.2 An
example of a recen
mangrove replanting
attempt by the DENR
(note the mono
specific  stand  of
Rhizophora seedlings
planted next to a
mature  Avicennia
marinatree(top right
hand corne)

Conservation of mature, natural mangrove stands is much more desirable than replanting of
degradedorestsas maturanangroveshave a higher abundance and diversity of mangrove

faunai.e. crals which are important keystone specifish and shrimp fryandan enhanced
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protective function resulting from greater root complexity badal aregWalton, Le Vay et

al. 2007; Bosire, DahdouBuebas etl. 2008) With time theseecosystem serviceare
eventually restored in the replanted mangrovethagreach maturity, however because of
reasons explained above, many rehabilitated forests are not achieving this critical stage due to
high seedling marlity rates(Walton, Le Vay et al. 2007; Bosire, DahdeGluebas et al.

2008) Studies have shown that replanted mangroves have greater stem dendisapling
abundancehan natural stand&.g. 4864 stems pehectarecompared to Y96 stemsper

hectare respectively at aite in Kenya (Clarke and Kerrigan 2000; Bosire, Dahde@bebas

et al. 2008) Although this could be explained by a higher level of predaay. crab
abundancen natural forest§Primavera, Binas et al. 2009¢sulting in greater seedling

predation.

Another significant problem with current replanting is thatctursat low intertidal zoness

a pose to the correct dhi to highelevations wheremangrovesnaturally ocar but
aquaculture ponds now occugdfPrimavera and Esteban 2008)This also reduces the
replanting success rate due to increased tidal inundations and wave action on the vulnerable
seedlinggBosire, DahdowGuebas et al. 2008)f the seedlingslo become established, they
areoftenplantedon what should be tidal flats eea grass hi#ht, resulting in aeductionof

theseecosystemgPrimavera and Esteban 2008)

In addition tofighting increasing pressures from axpandinghuman population, mangroves

are also being threatened kgimg sea levels due to increased tidal inundatifialters,
Ronnback et al. 2008)The forests will be unable to migratentore suitable habitat because

the required space is occupied &yuacultureponds. Ponds will also suffer as a result of
greater frequency of dike breaching and flooding, intensified by the loss of mangrove forests

and their protection.

2.5Mangrove Structure

Mangroves are very diverse ecosystems, and their community structure, density and biomass
varies according to aariety of featuressuch as age, substrate, soil topography, climate

(Saenger 2009nd human impad¢Blanco, Bejarano et al. 2001)
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Zonation of mangrove species occurs in the nitgjof natural mangrovéorests although it

is often lacking in disturbed and very narrow mangrove stands. Zonation can be attributed to
a number of factors includingpecies preference and tolerance to environmental conditions
(i.e. salinity andinundation, which vary according to elevationinterspecific competition
propagule size angked predatiof(McKee 1995; Bunt 1996; Sinfuego 2009)

The most dominant zone in PanayAsicenniaSonneratia which grows along seaward
fringes. Other occurring zones includ@hizophorain the lower intertidal areeBruguiera

cylindrica and Ceriops decandran the mid to high-elevation; and_umnitzera racemosa
Xylocarpusspp., Heritiera littoralis and Exoecaria agalbcha in the upper intetidal zone

(Sinfuego 2009)

Therefore it is imperative for studies involving mangrove forests to conduct detailed surveys
that capture this wide variation of mangrove ggstems. A commonly recorded variable is
community structure, which can be explained by the density and biomass of seedlings,
saplings and trees of apeciespresent in a typicallghosen10x10m quadrat plogMorse

and Boschetti 2003)

2.6 Project Variables

Reviewing the literature has highlighted key variables of pond production and protection
included in the questionnaire and mangrove surveys. Due to limited time and resmirce
all will be possible to survey, for example influent and effluent water quality, however these

variablesarementionedn Section6.3.

2.7 Study Area

The chosen study siteor this thesisvasthe Municipality (i.e. town)of Ajuy, Panaywhere

ZSL are arrently engaged in implementing mangrove restoration and ecotourism projects.
Ajuy is situated in the northeast portion in the province of limfuego 2009)andPang

is located irRegon VI, Central Philippineg¢see Figure 2.7.1)
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Figure 2.7.1 The kfthand map shows the location of Panay Island in the Philippines (red
island) (Bloom n.d.) andthe right-hand map highlights the location of Ajuy within Panay
Island ¢edarrow) (Visayan Silent Gardens n.d.)

Ajuy is divided into 34 Bran@ys( a

Filipino

, Whach colledtieely coastitutd | a g e €

a Municipality) and only those located on the coast with fish ponds were inclodus

study 13 karangays were surveyed in totaluca, Pedada, CulagVlalayoan, Biasongrili,

Puente BunglasTaguhangin, Rojas, Pantalon NavarBucana Bunglas and Silagon, and a

single fish pond in dran@y Planticoin the adjacent Municipality of Conceptidias the

ponds are extremely similar in terms of biophysiéehtures and management (Primavera

2010).

3.0Methods

3.1 Data Collection

Data collection was carried out fronf 3May i 19" June 2010, and was divided into two

sections; questionnaire interviewmcluding initial pilot studies, seeSection 3.31) and

mangrovesurveys(Section 34).
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3.2Research Assistants and agistics

Having already collaborated with ZSL the Mayor of Ajuy was very hospitable and provided
daily transport (a vehicle and driver), a trangldéto conducting interviews and two assistants

for mangrove surveying.

For varying circumstances, a total of three translators were used throughout the interview
period. The initial translator was not an employee of the Mayor wad therefore paid
Ph200 perday. All were properly inducted and had excellent spoken English. Induction
involved the translator reading the questionnaire, followed by a discussion explaining the
purpose of each question and clarifying any confusianisunderstanding of augstion. To

aid transition from the second to the third translator, both were present for one day of
interviews. This method was not possible for transition between the first and second

translator due to personal reasons.

3.3Social Research

3.3.1 Pilot Study

Pilot surveys involved conducted a sestructured interview with a fish pondperator
(approximately 1.5 hours in length) and two questionnaire interviews with fish pond owners
and caretakers. The sestructured interview followed the general format tife
guestionnairdsee Appendix .2 and Section 3.3)2 however all questions were opended

to ensure as much useful information as possibleaggsired(Bernard 2006) Data from

the pilot surveyswere used for any final alterations to the questionnaire, to further my
knowledge and understandingrofikfish farming within Ajuy ando ensure all the questions

wereeasily translated and answerafBernard 2006)

3.3.2 Questionnaire Interviews

Questionnaire topics were choseavith relevantvariablesgleaned from the literatures€e
Section 2), and related questions in the BFAR questionnaifgee Appendix7.1).
Questionnaire design was also based on recommendabom8ernard (2006{for example

use the highest level variance (ratio not ordinal) and collect data on the lowest level unit of
analysis.
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Thefundamentatjuestionnairéopicsincluded:
1 Pondinformation
- Ownership, areghectares)age, and species stocked
1 Production:
- Inputs organic and inorganic fertilisdtype and quantity)fry source, stocking
density(pieces per hectareyater surce
- Outputs harvest volume (kg pehectarg¢, numberof harvests (peweas, fry
survival
1 Pond management
- Pond drying time, water filtration, dike maintenance (material, breach cause and

frequency)

For a full version of the questionnaire pleaser#bAppendix 72.
(N.B. As all but onepondin Ajuy were extensively farmedirelevantquestions regarding
water and soil quality testingdditional feedspond aeration and waste water treatment were

excluded)

All milkfish pondsin the Municipalty weresurveyed (with one exception), andosal of 43
interviews were conductedlith either fish pond caretakers or owners depending on who was
present at the focal pond. The major(80) of respondents were caretakers as they were
more readily availle and often had better knowledge of pond management, although this

was notalwaysthe casgespecially regarding pond ownership and expenses.

Interviews were conducted on ad libitum basis averaging approximately five day,
depending oravailability of the transport and translator, and distance travelled to the focal
ponds. Initial attempts to contact respondents prior to interviews to arrange a time and date
proved too difficult and only limited contact numbers were availablherefore pond
caretakers and owners were approached and interviewed at the same time unless absent from

the premises, in which case the fopahdwas revisited at a later date.
Questionnaires were conducted g and a single translat@o ensure continuity of results
and enable me to further question any additional comments that may have been raised by the

respondent Prior to commencement of each interview a formal introduction was given to
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introduce myself, describe the purpose of my visit and ask for permissiateteiew the
respondent. Also key was the mentioning of my being affiliated with the Mayor of Ajuy.
Whilst this may have influenced the respondents answers to any sensitive issues (i.e.
regarding illegal mangrove clearance), it ensured the willingriebeeio participation in the
survey It was therefore considered more important to inform respondents of my
collaboration with the Government abke survey did notquestion illegal activities.
Respondents were also assured of total confidentiégrnard 2006)and no monetary
gratuity was offered.

3.4Mangrove Surveys

In total 30 mangrovesites were surveyedand rangel in sizefrom 0->150m in width.

Mangrove area (hectares) wadculated from the averagedth and total length.

As mentioned irSection 2.5previous studies condwxt mangrove surveys by carrying out
seedling, sapling and tree taxonomic identification aedsdy counts in 10x10m quiad
plots (Morse and Boschetti 2008for easedense stands afaplingswere counted within a
5x5m plot, and seedlings in a 2x2m quadfs¢eFigure3.4.1 and Table 3.4)1

Landward- |:| Trees: 100

I]:[[I Saplings: 25 M
E Seedlings: 4f

1NN}
LLL1]

Figure 34.1 A diagram displaying a typical mangrove sampling quadrat plot that was
utilised in this studyEnglish, Wilkinson et al. 1997; Morse and Boschetti 2003)
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Table 3.4.1: Guidelines for classification of seedlings, saplings and trees (as described by
(English, Wilkinson et al. 199Y)

Demographic DBH* Height
Seedling <4cm <lm
Sapling <4cm >1m
Tree >4cm >1m

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

Mangrove species were iakified utilising a Philippine rangrove field guidgPrimavera
2009), and any uncertainties were photographed (the leaves, trunks, fruit and flowers if

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

Mangrove surveys were carried out during low tide (times were taken from a tide calendar).
The twvo mangove assistants were tasked to mark out the 10x10m plots with twineacite

guadratocationwas determined.

Prior to commencing mangrove surveys, a reconnaissance survey was conducted to gather
information on the length, width and zonation of the fbresThis was important for
deciphering the numbeand locatiorof quadrat plat tobe surveyed Zones were established

by observing the dominant species in relation to elevation $sedon2.5), and level of
degradation (i.e. a highly degraded mat@renarina stand was classified adéferentzone

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

was maintainedPrimavera 2010)althoughthe majority ofsitesinvolved surveying more
depending on the area of eamtne. Quadratlocationswere chosen at random throughout

each zone.

For very large(i.e. >1km long) uniform mangroves crossgections were surveyed (e.g. for a
1km long mangrove quadrat ptotvere surveyeth three crossectiorsin the centre, left and
right handsides).

Total counts were conducted for mangrove stands <5@rimavera 2010)
Measurements of mangrove length and width were also recorded, as mangrove width is

important in determininghe extent of their protectivieinction and area for influent ater
quality (Primavera 2010)
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For each mangrovstand basal area (BAstandng basal area (SBAand Complexity Index

(CI) were calculated frordatafor statistical analysissée Section 3.tor calculation}.

3.5Mangrove Calculations

BA denotes the crossectioral areaof a treeatits DBH. It is calculated using the equation:
BA = ?/%0,000B H

DBH for all species was set at an average of 0.5cm for seedlings and 2.0cm for saplings
(Primavera 2010).For trees DBH was averaged for each species separatelyodgreater

variation in morphology, and estimates are showhaible 3.5.1

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

Species Estimated Average DBH (cm)
Aegicera corniculatum 4.5
Avicennia alba 26.5
Avicemia marina 26.5
Avicennia officinalis 26.5
Avicennia rumphiana 26.5
Bruguiera cylindrical 6.5
Camptostemon philippinensis 6.5
Ceriops decandra 5.0
Excoecaria agallocha 11.5
Lumnitzera racemosa 4.5
Osbornia octodonta 4.0
Rhizophora mucronata 9.0
Rhizophora stylosa 9.0
Scyphiphora hydrophyllacea 4.5
Sonneratia alba 51.5
Sonneratia caseolaris 51.5
Unknown 17.1

N.B. As in the study byMorse and Boschett{2003), the mangrove Nipa palmN§pa
fruiticans) was not included in this analysis because its morphology made diameter
measurements unreliable. In addition this species was only present at three sites and at very
low densities therefore its exclusion withve a negligible effect on results.

BA is then utilised in the following equation to calcul®BA, described aan area of land
that is occupied by trees in that staffdr this study stand area is one hectare):
SBA = BA x stems/hectare (English, Wilkinson et al. 1997,
Matthews and Mackie 2006)
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N.B. SBA of seedlings, saplings and trees waalkeulatedseparately in order to capture any

variation betweesurveysites.

Stems pehectareis the densy of stems in a plot. Quadrptots for this study were 100m
(seedling and sapling courftem quadrat plots smaller than 10x1®mere multiplied up to
100nT). Therefore stems per hectavascalculated by:
Stems/hectare Number of stems in plot x 100 (English, Wilkinson et al.
1997)

Cl first coined byHoldridge in 1967is acommonmeasure of the structure and development
of mangrove forestéBlanco, Bejarano et al. 20Q9ndis calculated by:
Cl=(s) x (d) x (b) x (h) x 18

(s) = number of species, (d) = stand density, (b) = basal areahénjht

3.6Data Analysis

As recommended bgle Vaus(2002) prior to commencing data analysis, it is imperative to
returnto the original research questions of the thesis to remind oneself of the intent of the
study in order to guide selection &propriatesurveyed variables to analys&he data must
thenbe modified into a format suitable for ssdical analysigde Vaus 2002) This involved
collapsing and coding interview and mangrove data, and calculating various measures of
mangrove structure (as aebed inSection3.5). Thirdly, crucial to understanidg the datas
creatingplots tovisually observe the range and variation of key variaf@sne 2010) This

also exposed any data entry errors which were then corrected.

Data aalysis was divided inttbwo sections in order to analyse the tiwpotheseof this

thesis; i) pond production, and; ii) protectiofrollowing the above recommendations and
based on findings from the literature, key variables for both sections were chosen for analysis
due to adrge number of explanatory variables and correspohydsigall dataset These
variables were then graphically displayed and visually analysed to assesstérattion

with the response variable amgchother and wereeither discarded or included ime
statistical analysis. The most appropriate tests wesabsequentlychosen according to

whether the variables were couptpportion,continuous or categorical data.
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For statistical analysis the computer software packdjegab 14.0 (Minitab 2010)andR
2.11.1(Gentleman and Ihaka 201@gre used.

For Production angsis diagnostic statistics were perfoed in Minitab 14.0 and multiple
linear regressiowas carried out using R 2.11.1

For Protection analysia loglinear regressiomwith quasipoisson errorand general linear

model (GLM)with Gamma errors wengerformedn R 2.11.1.

The majority of tle surveyed ponds were extensively farmed (with stocking densities ranging
from 8576,250 pieces per hectare), with the exception of one-seanisive pond (stocking

density 10,000 pieces per hectarEpurof thesurveyed fish ponds rearing milkfish ttmek

in open sea fish per(svith stocking densities of 20,000 pieces per hectarse excluded
therefore aotal of 39 data points were used in the analysis.

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

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

4.0Results

4.1 Production

Variables chosen for the initial analysis were; harvest vol@kgeper hectarng stocking
density(pieces pehectar¢, mangrove areghectars), mangrove SBl(see Section 3.5CI

(Section 3.5)pond drying timgdays) average organic fertilis¢sacks pehectarg, average
inorganic fertiliser (sacks perhectarg, proportion of fry survival, fry source(wild or

hatchery)and additional recruitment

The most commonly used organic fertiliser in Ajuy was chicken manure, and other varieties
were; carabao manure, mud press, rice bran, and rice hull. The favoured inorganic fertiliser
was urea, and operators also applied2@61846, Tripol 14, 460-0, 0-18-0 and sulphate.

Due to low fertiliser use, the decision was made to calculate the average amount of all
varieties ofboth organicand inorganicfertiliser usedby each pond for analysis (with the
exception of mud press which was purchased in ajuamtifiable volume of truckoad).
Organic and inorganic fertiliser is purchased in 50kg net weight bags, and theedfoveede

kept in units of sacks (p&ectarg.
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4.1.1 Anderson Darling Test in Minitab

Harvest volumewas the response variablnd as such it is essentialto be normally
distributed in order to met the model assumption criteriddn Anderson Darling test
performed in Minitalrevealedhat harvest volume residuals wera normally distributect
p<0.05. Therefore a logarithmic transformatiovas performed on the data to make

residualsnormalat p>0.05

412 Pear sonb6és Parametric Correlation Anal ysi s

A Pearsonbs parametri c ©SBAfaorseeding,isapingreeand!| y si s
average totateveakd theyare all sigiificantly correlated to each othesee Table 4.1.2)1
Therefore average SBAvas usedto representhe density of each mangrovesite in the
analysisto reducelegrees of freedom used in the analgsid enhance robustness of results

Table 41.21'Resul ts of a Pearsondés parametric corr
seedlings, saplings, trees anthl average.

Variables Adjusted r-squared value P-value
Seeding:saping 0.976 0.000
Seeding:tree 1.000 0.000
Saping:tree 0.977 0.000
Seeding:average 1.000 0.000
Saping:average 0.977 0.000
Tree:average 1.000 0.000

4.1.3 Response and Explanatory Variabielractions

In Figure 4.1.3.1 the notches for the boxes of category 1 dodhdtoverlap in thewild (top
left-hand) andhatchery(top righthand)fry source plas, therefore suggesting the medians for
the proportion of survival of wild and not wjldhatchery and not hatchefgy stocks are
significantly different. However, this apparent significance of the pairwise comparisons is
not reliableas the notches extend beyond the limits of the box. The wéhel variance is

also too great to justify carrying out a test. Fry source will therefore not be included as an
explanatory variable in overall analysis. The notches for the boxes obgalegnd 2 in the
bottom two plots overlap indicating that the explanatory variable fry source has no influence

on log harvest volume, therefore confirming its ommitance from the analysis.
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Figure 4.13.1 Box and whisker plotsf proportion ofmilkfish fry survival as a function of
milkfish fry source from the wild tép left-hand plot) and hatchergtop righthand
plot)stocks

N.B. The two graphs do not show the same in reverse as some ponds stocked a mixture of
both wild and hatchery fry and were thfare excluded. Box and whisker plots of log
harvest volumekg per hectareas a function of fry source wild (bottom léfand plot) and
hatchery (bottom righhand plot).

4.1.4 Production Analysis in R

As theresponse variable (log harvest volume) was ooiois, amultiple linear regression
was performed in Rusing the followingchosenexplanatory variablesmangrove area,
mangroveaverage totalSBI, mangrove Clstocking densitypond dryirg time, average

organic fertilise, average inorganic fertilisefiry survivaland additional recruitment.

In the maximal modelmangrove areavas the only explanatory variable explaina
significant amount of variation in the response variable data<E.887, p=0.0418). 28 of
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the variation in log harvest volume as explained(see Appendix for details ananodel

diagnostic plots which are all nornal

Model simplification was then conducted to remove all the-significant explanatory
variables (startig with the least significant), and was as folloagerage ingganic fertiliser,
stocking density proportion of fry survival mangrove SBAmangrove Cland additional
recruitment (Modeld7, respectively).Each step was checked wiin ANOVA test b ensure
the model wasiot being ovesimplified andas there was naignificant increase in the F

ratio (see Appendix for detailshe minimal adequate model can be accepted

The final minimal adequate model h#dtee explanatory variablesignificantly explaining
the variance in the respse variablemangrove areggonddrying timeandaverage organic
fertiliser. 22% of the \ariation in log harvest volume waxplained by the model eation:
log harvest volume = 2.460.00556 x pond drying time + 0.01XJlaverage organic fertiliser
+ 0.0195 x mangrove areaDiagnostic plots show the simplified model residuals and

normality plots to be normaséeAppendiy therefore the model is well suited to the data.

Significant elationships between each of the explanatory variables andsgfoase variable
are graploally displayed below (see Fige 4.1.4.). The top lefthand plot shows log
harvest volume as a naignificant function of mangrove Chowever there appears e a

positive correlation between the two variables.
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Figure 4.1.4.1: Log harvest volume (kg per heotaas a significant function pfmangrove
area fiectarg (p=0.0139) (top rightand plot); average organic fertiliser (sacks per hectare)
(p=0.0473) (bottom lefhand plot); pond drying time (days) (p=0.014) (bottom Frigdud
plot) (F435=5.296 ’=0.22), and; as a nosignificant function of mangrove ClI (top Ildfand

plot).

4.1.5 Additional Production Analyses

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

howeve Table 4.1.5.1 lists the extemf additional rewitment of milkfish (and other

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

mangrove complexity on treemount of additionalecruitment into fish ponds. There appears

to be no correlation between mangr&vieand milkfish recruitment, however the rigtand

plots shows ponds that report recruitment of other species have higher mangrove complexity.
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Table 41.5.2 Quantities and price at market of additionally recruited species harvested from
milkfish ponds.

Respondent Species Quantity per harvest(if | Price (if known/sold)

known) (Php)

1 Milkfish (C. chanog 15 kg 1,125

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

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

4 Anchovies 50 boxes 60,000**

(Stolephorus indiug

5 Shrimp(Penaeusp) 150 kg 19,500***

6 Shrimp(Penaeusp) 1,000 pieces N/A

7 Shrimp(Penaeusp) 10 kg 1,400**

*Milkfish prices have been calculated nigithe average market pricalculated from respondent
answerf Php70/kg

*Anchovy prices have been calculated ngsithe average market pricalculated from respondent
answerof Php1,200/box.

***Shrimp prices have been calculatedngsithe average market pricalculated from respondent
answerof Php130/kg.
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Figure 4.1.5.21 A box and whisker plot to assess the interaction between additional
recruitment of milkfish(left-hand plot) and other specig@=. tilapia(Oreochromis niloticug

sea basgqlates calcarifey and shrimps(Penaeussp.) (right-hand plot) from adjaent
mangroves intanilkfish ponds withmangroveComplexity Index (Cl) measure.

Plotting log harvest volume as a function of pond water source reveatedproductivity is
slightly greater in fish ponds with water sourced from the odgdthough this is not
significant aghe boxes overlafsee Figure 4.1.5.2)
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Figure 4.1.5.2 Log harvest volume (kg per hectare) as a function of source of fish pond
water (1=water sourced from rivers and/or canals, 2=water sourced from the sea). Three
ponds that sousd a mixture of river/canal and sea water were excluded from analysis.

Respondents were asked to list any additional benefits of adjacent mangroles fish

pondsnot mentioned in the questionnafeeeTable 4.1.5.2or summarised comments

Table 4.1.5.2: Summarisedadditional respondent comments on mangrove benefits to
milkfish pond productivity.

Number of Respondents Mangrove benefit Additional Comments
11 Mangrove leaves provide | Benefits fry and algae growt
compost for pond
4 Mangroves impree water Benefits fry and algae growt
quality
6 Mangrove shade Improves fry survival
(protection from heat), n=4
Decreases algae growth=2
2 Sandy soil Decreases algae growth

N.B. Italic font = negative effects of mangrovesnitkfish ponds.

Of the 39 sites surveyed, only four had adjacent mangroves with areas largéstéi@ond
area, with the following ratios; 3.15, 2.05, 1.32 and 1.1#&dtares Of the remaining 35
ponds, 15 had no adjacent mangrove (0:27 mangrove:pond was theratigestthese) and
0.000333:1 was thiargestratio for ponds with adjacent mangrove.
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4.2 Protection

Two response variabéewereused in protection analysirequency of pond dike breaching
(peryean and time since last breaching (monthgjhe chosen explanaty variables were
mangrove SBA, mangrove width, proportion lmeaching caused byave actio; storms
andfloods dike material rock and bambodjased on their relevance to the hypothesis and

information gleaned from the literature

4.2.1 Protection Analys in Rwith Response Variablé&requency of Dike Breaching

Initial analysisusinga multiple linear regressiowas carried oythowever the model was not
suitable as the response variable variation was poorly explainegt%E2 r*=0.0979 and

the dagnostic plots were podseeAppendiy. A multiple regression was then performed
using logtransformed response variable data, however the model was still very poor at

describing any variation {F=7.42 r=0.14) (seeAppendix).

As breach frequencgan be classified asount data, a loginear regression analysigith
guasipoisson error§o cope with the nointeger data poinjswas then carried out This
model was much more suited to the data and was therefore utilised for final analysis.
maxmal model explained 6 of vaiance in dike breach frequency (pera). The only
explanatory variable that explained a significant amount of vamiatidhe response variable

was percentage @iboding (F 3,=17.34, p=0.00)/(seeAppendixfor details.

Model simplification was then performed to remove all4samificant explanatory vaables
(least significant firstias follows bamboo, mangrove SBAuroportion of breaching caused
by storms, mangrovewidth, rock and proportion caused hyave action (Model 1-7,
respectively. Each step was checkedth an Ftest (because thenalysisused quasipoisson
error distribution) to ensure the model was not being-eweplified andas there was no
significant increase in the Falue (see Appendix the minimd adequate model can be

accepted.

The minimal adequate model had a single variable significantly explaining the variance in the
response varlkde frequency of dike breaching (pgga); proportion ofbreaching caused by

flooding. Overall, 24% of the vaamnce wagxplained with the equation: breach frequency =
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0.948 +-0.0152x % flood. Figure 4.2.1.1 showhatthis is a significant negative correlation
asthe frequency of dike breachimigcreases with an increasethe percentagef breaching
caused byfloods (i.e. ponds suffering from the highest breach frequeraigute this to
flooding the leagt Diagnosis plots ofthe simplified modelwere not that norma(see
Appendiy, however this model was timeost suitable foexplaining the dataomparedo the

two previous attempted multiple regression

12

10

Frequency of Pond Dike Breaching (per Year)
B8
l

2 — e = e

20 40 60 80 100

Percentage of Dike Breaching Caused by Floods

Figure 4.2.1.1:The response variable (frequency of pond dike beaching (per Y&at)per
year, 12=12 per yeags a function of percentage of breaching caused by flgs(q152
(F73=13.2 P=0.243.

Incorpaating aninteraction between mangrove SBA and wittththe loglinear analysislid
not alter the Fatio, signifi@ance values, model plots percentage ofariance explained by

the model, and therefore was not included.

4.2.2 Protection Analysish R with Response Variabldime Since Last Dike Breaching

The response variable time since most recent dike breaching event was treated as survival
data, and therefore &LM with Gamma errors was performedThe following were
explanatory variables; pportion of breaching caused by; floods; storms and wave action,
mangrove width(m), mangrove SBA, dike materialpck and bamboand explained.00%

of variation in the model Mangrove width was the only variable to be significantly
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correlated with theasponse variable (p=0.0382) he residual deviancé35.3) is slightly
greater than the degrees of freeddB)( howeveroverdispersion with Gamma errors is
technicallynot possible and there is no qublselihood function for Gamma errofS€rawley
2010) The diagnosis pits look fairly normal(see Appendiy and emoval of potential

outliers made no diffence to the residual deviance.

Model simplification was then performed to remove all+samificant explanatory variables
(least significant first), and each step whsakedwith its AIC value

The order of explanatory variables removed ;waangrove SBAbambog rock, proportion
of breaching caused by stornikbods and wave actiofModel 1-7, respectively) Model
simplification AICs decreased every time until theafisimplification when there was an
increase (seAppendix),therefore the final step was not justified and Model 6 isrimemal
adequatenodel. Time since last dike breach is a significant fiosrtiof mangrove widthand
only slightly not significantly correlated with wave actiorfsee Figure 4.2.2.1) Residual
devianceis still slightly larger than degrees of freedom (37.3 8Bdrespectively, however

diagnosis plots look fairly normal (sée@pendix).

Figure 4.2.2.1: Time since last dike breach @mths) as a function of mangrove width (m)
(p=0.0285)(left-hand plot) and percentage of breaching caused by wave §ot06r0533)
(right-hand plot).

4.3 Additional Analyses

Dike material rock and bamboaowvere not significantly correlated with either respens
variable in the statistical analysi€sraphical displays reve&ilequency of dike breaching is
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