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ABSTRACT

Globally, natural resources are declining due priljéo unsustainable human
consumption. Resource scarcity and associatedgmsbiherefore arise fundamentally
from social processes. This thesis compares amgasts the relative merit of the three
dominant environmental sociology perspectivesteirtrespective ability to explain
the effect of human societies on natural resouré@st is the perspective of population
pressure driving resource scarcity; a perspectiwenconly known, and referred to
herein, as ‘Malthusian overpopulation’. Seconthesperspective of free market
capitalism and associated market expansion drivesgurce scarcity; a perspective
commonly cited as the ‘treadmill of production’@nvironmental sociology (herein
referred to as ‘market expansion’). Third is tleegpective of modernization driving
resource scarcity at low levels of modernizatiod sesource abundance at high levels
of modernization; a perspective commonly knowneasfogical modernization’ in
environmental sociology and the ‘environmental Ketarcurve’ in ecological
economics (herein referred to as ‘modernizatioEach perspective is supported by
many scholars, and has a significant literaturgutastantiate the respective claims of
the key social processes that cause change inateecd natural resource. Critical
comparison of the three perspectives will likelfeofgreater insight into interactions
between societies and natural resources than ekaone perspective alone, and may

therefore offer more appropriate solutions to thallenges posed by resource scarcity.

There are gaps in our understanding of societyécef on natural resources that are
apparent from a review of comparative studies ertlihee dominant perspectives.
First, most studies that compare and contrastelaive merit of the three perspectives
correlate proxy variables for each of the perspest[e.g. human population density
(for ‘Malthusian overpopulation’), and Gross Domes$troduct (for ‘market
expansion’)] with environmental indicators (e.ghery biomass) without explicitly
considering mechanisms such as resource explaitatiensity or resource
management institution efficacy. Second, few ef¢bmparative analyses that have
been undertaken to date, explicitly compare andrasinthe three perspectives at the

local-level. Most studies have instead focusethemational-level. Yet interactions
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between societies and resources vary significautgss social-political levels, and one
could argue that most decisions to exploit and mamasources do occur at the local-
level, particularly in less affluent societies wiénere is comparatively limited
centralised management and vast reserves of natsi@alirces. Third, there is
inadequate attention paid to the developing cowrdgntext. Most studies that compare
the perspectives are either global or focused fineait nations. Few studies have
focused analyses on poorer, economically peripmatabns where much of the world’s
biodiversity and other natural resources existis Thcritical for two reasons; first,
affluent and poor societies represent very diffesacial contexts so conclusions drawn
from global or affluent-nation analyses are unlkiel be transferrable to developing
countries; second world systems theory suggestatthaent societies import resources
and export pollutants to poorer societies and vesa, and therefore opportunities to
modernize as per the modernization perspective tigldifficult to realize. Fourth, no
comparative analyses of the perspectives havedadlvesearch on local perceptions of
society’s effects on natural resources. Understgndcal perceptions, however, is
useful to confirm (or refute) hypothesis-drivenaash and potentially useful to
increase the likelihood of implementation of resealecommendations in applied

research.

The aim of this thesis is to fill these researcphsgly 1) explaining society’s effects on
natural resources, at the local-level in an ecooaltyi peripheral nation, using
dominant environmental sociology perspectives @gesegaps 1-3), and to 2) determine
whether local perceptions, support or refute thentific explanation (research gap 4).

These broad aims are achieved by completing th@nmlg research objectives:

1. Determine which dominant environmental sociologsspectives, of
societies effects on natural resources, best exgthe effects of exploitation

on;
a) Coral reef fish that are vulnerable to extinctignoverfishing;
b) Function and diversity of coral reef fish;

2. Determine which of the perspectives explain thauoence of coral reef

resource management institutions; and
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3. Determine whether local perceptions support, artegfthe findings, as
identified in objectives 1 and 2, of society’s etfeon the exploitation and

management of coral reef fish.

To achieve research objective 1, | collected seapnsocial (census) and ecological
(survey) data from 25 local-level sites spanningp®on Islands. | then analysed the
data using structural equation models to explaim pooxy variables, which represent
each of the dominant perspectives, affect fishirgggure to, in turn, affect the
distributions of a) biomass of coral reef fish the¢ vulnerable to overfishing and b)
coral reef fish functional group biomass and diwgrsThe key aspects of fish
distributions | examined were explained by fishprgssure. Specifically, there was
lower biomass of coral reef fish that are vulnegabl overfishing, lower biomass of key
functional groups of fishes, and lower fish spedegrsity where there was higher
fishing pressure. The key finding, which addresseearch objective 1 is that fishing
pressure was, in turn, driven by high human popmradensity and greater access to
markets; proxy variables for the Malthusian overgdapon and market expansion
perspectives, respectively. Modernization had scatnable effect on fishing pressure.

To achieve research objective 2, | collected datgfoxy variables of each of the
dominant perspectives and on coral reef resourceageament institutions (gear
restrictions, species restrictions, and spatiauaes) fron>723 local-level sites
spanning Solomon Islands (I developed some ofuheey instrument on management
institutions but the data were collected by theamatl government and other agencies).
| then tested the effects of each set of proxyadess, which represent each of the
perspectives, on the occurrence of managementuitsiis using a range of statistical
analyses. | found that the presence of manageim&itttions was negatively
correlated with human population density and peslgi correlated with modernization
and the presence of fish markets, lending suppdttd Malthusian overpopulation
perspective, and simultaneously detracting fronrmtlagket expansion perspective. The

results neither clearly supported nor refuted tloel@nnization perspective.
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To achieve research objective 3, | conducted irgers, using a survey instrument, with
119 fishers and fish traders in the major urbarresrof Solomon Islands to identify
which factors they perceive can increase and dserearal reef fish stocks. The
gualitative responses were coded, and analysed Bsincipal Components Analysis to
derive the dominant perceptions. The interviewslers and middlemen perceived an
extensive range of factors to be causing fish decknd also stated a diverse range of
management interventions that they perceived wimgietase fish stocks. Respondents
identified fishing as a major cause of fish declineen by income-related needs,

among other factors, which is concordant with thdihgs of objectives 1 and 2.

In this thesis | compared the three dominant petspes of society’s effects on natural
resources using a novel model in an economicallipperal nation at the local-level.

In doing so, | found greatest support for bothMedthusian overpopulation and market
expansion perspectives. This finding was concdrdéth local perceptions, adding
further weight of evidence. Given these findingsan be expected that, with predicted
population growth and continued resource commaitn and aspirations of

affluence, coral reef resources will likely contnio be depleted in Solomon Islands,
and other locations with comparable context (ecanalty peripheral). Policy
prescriptions that aim to slow this depletion nagtsider local population pressure and

markets as dominant driving forces.
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CHAPTER 1: INTRODUCTION

1.1 DECLINING NATURAL RESOURCES

The interaction between people, as individuals souieties, and the natural
environment has attracted increasing attention footh the public and scientific
community in recent years. Increased attentidikedy attributable to our growing
acknowledgement of the role of human agency irdéetion of finite natural
resources (Frank 1925; Brueckheimer 1956; Macklg21 Grossman & Krueger 1995;
Ehrlich & Ehrlich 2013), and the resulting decreasbiological diversity and collapse
of ecological systems (e.g. Hughes 1994; Scheffat. 2001; Sanderson et al. 2002;
Rockstrom et al. 2009; Barnosky et al. 2012; Nystei al. 2012; Ehrlich & Ehrlich
2013). More importantly for humanity, howeverpig increasing awareness that
humans are dependent on functioning natural systenwir well-being (e.g. Catton Jr
& Dunlap 1978; Fuller et al. 2007; Cardinale et2l12) and probably for our survival
(for examples of localised collapse of societies Beamond 2006).

Human understanding of both our dependency ondheal environment for our
welfare, and the clear negative effect we are lgpgimnatural systems, has catalyzed a
scientific effort to understand the causes of rtigsource decline, particularly the
social causes, and prescribe means of changingdudi and social behaviour to
enable a more sustainable environmental futuren@blrg 1980; York et al. 2003a;
Mol et al. 2010). The applied aspect of this redeassumes that the better we
understand the social causes of resource dedtieenore effectively we can prescribe

policy to improve the condition of natural resowg.ce



1.2 SOCIAL CAUSES OF NATURAL RESOURCE DECLINE

Identifying the social causksf natural resouréedecline is somewhat challenging due
to the inherent dynamic complexity and contextu€logeneity of social-ecological
system$. Both social and ecological systems are comphexdynamic, and processes
within each system operate across multiple sc&lasH et al. 2006). This dynamic
complexity is likely becoming more pronounced asieties become more globally
connected with ever-increasing flows of informaticgsources, and people (e.g.
Kramer et al. 2009). Both social and ecologicatems also possess context-specific
traits (Luck 2007), such as localized ecosystencgsses and societal customs.
Therefore, generalized theory cannot explain allagical degradation or offer

approaches for addressing all ecological degraa#@strom 2007).

Out of the complexity of understanding the socalses of natural resource decline,
three dominant (i.e. pervasive in the literatur@)imnmental sociology perspectives
have emerged that relate to the social causeswfahaesource decline. These form the
theoretical foundation for this thesis. Each pectipe arose at different periods in
history, in different contexts, by observation bhoging social processes that resulted
in changing rates of resource exploitation. Sucitgsses centre on for example,
population growth, economic production, instituabadaptation, and technological
innovation. Each perspective maintains a uniqeel@y of our relationship with
natural resources, and offers substantively diffeselutions to halting natural resource
decline. Itis these differences between the getsges, | think, that offer divergent
insights into the key structural properties of stcthat cause natural resource decline.
Therefore, they offer a fruitful set of perspecsite compare and contrast in this thesis.
In short, the perspectives are:

1. “Malthusian overpopulation”: Human population grbvarives natural

resource scarcity.

! Herein the term ‘social cause’ refers to any huntsracteristic, be it economic, demographic, caltu
etc., which explains the state of natural resoyrceselative or causative.

% Herein the term ‘natural resources’ refers to anglogical quality that has recognized human wtilit

% A social-ecological system is a system that ackedges the interdependencies and feedbacks between
social and ecological systems — a relatively nemagligm in environmental sociology (Catton Jr &

Dunlap 1980).



2. “Market expansion”: Economic growth, by naturaloesce exploitation,

drives natural resource scarcity.

3. “Modernization”: Development and associated affeeeand institutional
reform drive resource scarcity at low levels of maization, and drive

resource abundance at high levels of modernization.

| proceed with a brief summary of the three perspes; including the thesis

(theoretical foundation, narrative, and evidenc®) the antithesis (limitations) of each.

1.2.1DOMINANT PERSPECTIVES

Perspective 1: Malthusian overpopulation: Human ylaegon growth drives natural

resource scarcity (broadly considered a demograpieory).

Theoretical foundation

The most publicly and academically prominent pecipe on human-environment
interactions is that human population growth areabssociated pressure on natural
resources is responsible for declining resourcelitions (Ehrlich & Holdren 1971;
Ehrlich et al. 1971; Pauly 1988; Cropper & Grif6th994; McKee et al. 2004). The
rationale of this perspective is that resourcediaite and so continued increase of
human populations will inevitably lead to resoudegline, potential species extinctions
and ecological collapse. The foundation of thiskaaates to Rev. Thomas Malthus
(1798), who proposed that increased productivitgbéed through linear increase of
technological innovation, would temporarily buffeFople from resource scarcity, but
that human populations would eventually exceedvation, due to geometric growth,
leading to resource scarcity and human sufferi@@pnsequently, proponents of this
perspective argue that human population growth @dimited to avoid ‘Malthusian

overpopulation’ and human suffering.



Narrative
Human societies, as with populations of other ggcincrease their total population to
environmental carrying capacityAssuming there is environmental variability (e.g
droughts and floods), and inter-specific compatitimere will be periods when the total
population increases, and times when the populageneases. The ability of humans
to increase their environmental carrying capatitpiigh technological innovation (as
has occurred in agricultural (and aquaculture/figiserevolutions during the 20
Century) enables populations to grow. There anédito innovation, however, and
therefore limits to human-modified environmentairgimg capacity, and so human
populations are ultimately limited. Thereforesinecessary to limit human populations
to within environmental carrying capacity to aveignificant natural resource decline

and consequent human suffering.

Evidence
There is no doubt that Malthusian overpopulatiosadqfiently measured as
population/potential resources) will explain sonfighe variance of the state of natural
resources, including those resources that havetditdity such as fishes and forests,
and broader measures of resources, such as bialagrersity and the condition of
functional groups (see Luck 2007 for a review)r &mample, there is substantial
support in the coral reef literature of the negat¥fect of human population density on
coral reef resources (Jennings & Polunin 1996, 1BRifvy et al. 2004a; Dulvy et al.
2004b; Newton et al. 2007; Mora 2008; Sandin e2@D8; Williams et al. 2008; Cinner
et al. 2009b; Mora et al. 2011; Williams et al. 20Bellwood et al. 2012). Indeed a
popular term for overfishing caused by human pamregrowth is ‘Malthusian
overfishing’ (Pauly 1988).

Population density and size are also likely tociftbe efficacy of natural resource
management institutions When populations are adequately high that etaiion

exceeds rates of ecological replenishment, it sside that resource management

* ‘Environmental carrying capacity’ is defined heethe maximum number of people an environment
can sustain indefinitely.

® Herein the term ‘management institutions’ refersuy set of rules relating to the exploitatiomaftural
resources.
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institutions, which are believed to mediate theef of Malthusian overpopulation on
natural resource exploitation (Agrawal & Yadama4R%ill fail, particularly in the
context of common-pool resources (sensu Hardin JL19%Bere is also evidence that an
optimum community population size (neither too dmal too large) might lead to the
successful collective action such as natural resonranagement (Agrawal & Golyal
2001).

Limitations
There are five key limitations to the perspectivat tMalthusian overpopulation alone
can explain declining resources. First is a debateausality. Malthusian perspective
proponents argue that increased means of produstiables population growth, rather
than population growth as the driver of increasextipction, as argued by Boserup
(2005). The central tenet of Boserup’s argumettias necessity (i.e. inadequate food
supply) drives innovation as the means of prodadimoprevent suffering and death,
and therefore human populations will not outpaeentieans of production. Boserups
thesis has given rise to the idea that rapid pojum@rowth, even in areas of marginal
productivity, might generate economies of scalproduction, and more sophisticated
management institutions that ultimately reduce mmmental footprints whilst
improving quality of life (e.g. Malakoff 2011). dieed, early research in the Pacific by
Johannes (1978) suggests that resource managerstiuitions emerge and evolve, as
required, as human population pressure increasedenreased, assuming negative
external influence, such as abolition of underlyamgess rights, is avoided. Second,
proponents of Malthusian overpopulation tend taassthat all people interact with
the natural environment in the same manner, angurna the same volume and types
of natural resource (however Malthus himself ackiedged differences in
consumption between individuals of different sociaks within societies) (see York &
Gossard 2004 for an example of context variabiityesource consumption).
Therefore, human population size per potentiallalibe resources cannot accurately
predict the state of natural resources. Thirdyote of technology tends to be ignored
(see Commoner 1972 for early debate on the relatipertance of technology in
explaining environmental impacts) in explainingurat resource exploitation rates.
Yet technologies affect rates of exploitation andsumption, and different societies

have access to different technologies. Fourttgllbuman population size/density does
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not account for trade of resources between soci@bgical systems— relatively
wealthier societies are able to import goods amdaes and export pollutants, such as
those produced by heavy industry, and consequerdigtain a population beyond local
carrying capacity (Ehrlich & Holdren 1971; Wallexst 1976). Therefore, it is not
possible to conclude that any two societies, equpbpulation size and equal in net
primary productivity (e.g. fisheries or forestryjivnave resources of equal condition
(e.g. number of trees, fishery biomass). Fiftinais been observed that high population
density (measured as number of fishers per lenfigtbastline) can correlate positively
with higher fish biomass (Pollnac et al. 2000).sTiasult was explained by the mobility
of fishers, enabling them to migrate to areas ghér resource density. Therefore, the
relationship between density of people, and resoocondition, should be considered
critically, and particularly where human populasare mobile, including nomadic
people. Further, a recent study by Pollnac elallQ) found stark differences in
correlations between human population density affiekencess in fish biomass inside
and outside spatial closures among three regibasCaribbean, the Philippines, and the
Western Indian Ocean. Specifically, only the Caedob exhibited a negative correlation
between population density and differences in fiigmass, whilst the Western Indian
Ocean exhibited a positive correlation among tmeeseariables. The authors explained
this as possible high exploitation outside spaliesures. Therefore, adherence to
spatial closure rules had a possible over-ridifigotfon fish biomass in this instance. In
essence, this perspective is crude and eco-cearcgoes not take adequate account of
the modern complex social matrix of human soci&tidsd so, to explain the human
causes of resource decline it is necessary to explyond the simplistic narrative of
human population size and/or density.

® While this perspective is ecologically centric, IMas makes clear distinction between people ahdrot
species with respect to limits to growth and trspomse to resource scarcity. Subsequently, scHudaes
frequently ‘ecologised’ and consequently simplifddlthus’ work on the Principles of Population to
suggest that individuals within a human society réispond similarly to individuals within a poputat

of, for example, plant or other animal speciessHinplification leads to a morally and ethicalisfght
position of the need to limit human population dizensure sustainable natural resource use foahum
well-being.



Perspective 2: Market expansion: Economic growshnétural resource exploitation,
drives natural resource scarcity (based on thetmali-economic theory 'neo-
Marxism’, and more recently the environmental slwgg theory of the ‘treadmill of
production’).

Theoretical foundation

The underlying principle of this perspective, whishhooted in Marxist philosophy
(Marx 1887}, is that of the social perception of the needefmnomic growth for
improved personal and social welfare, enabled tindfree market’ innovation and
exploitation of natural resources. Proponent$isfperspective argue that economic
growth, rather than environmental sustainabilitynthates social and political
decision-making. Fundamentally, proponents of pleispective argue that problems
related to natural resource scarcity cannot beesiohs long as the ideology of
dependence on economic growth persists, and ttaati@al restructuring of the political
economy and the elimination of the growth-dependiglogy is required to ensure a
sustainable future (Schnaiberg 1980). As stated jpyponent of this perspective
‘..economic growth remains the foundation of dexisinaking with regards to the
design, performance and evaluation of productiaha@msumption, dwarfing any

ecological concerns’(Schnaiberg et al. 2002, p1.).

The dominant thesis of this perspective is thedimahh of production (Schnaiberg
1980), which has been hailed ‘the single most aritial framework of analysis within
environmental sociology in the United States’ (Eo2005). The treadmill of
production thesis represents an addition to Mapligbsophy, by describing the
process of natural resource degradation by cagiif@oduction (Kovel 2011).
However, as Foster states, the thesis is from thied States of America, and despite
making reference to market expansion and capitaljgmerally, the focus is on the

" The philosophy of Karl Marx; particularly in hisork on the accumulation of Capital (Marx 1887),
relates more to the social effects of resourceagigation, rather than the effect of economic potidn

on natural resources discussed by Allan Schnaietbe treadmill of production. However, both tisese
suggest that the accumulation of capital from rattesources through the ‘free market’ ideologyngése
Smith 1843), is detrimental to human welfare (jpattrly equality of welfare distribution) and the
natural environment. Fundamentally, therefore, tiésis loosely examines the effects of social
adherence to the dominant western political phiptgss of socialism and capitalism, on the state of
natural resources.



post-WWII United States of America model of prodoctexpansion. That is, the
purpose of Schnaiberg’s work was to explain monispolproduction — the type of
political-economic system promoted in the writimgsAyn Rand (2005), which was
based on industrial nations extracting naturalusses both domestically and from
economically peripheral nations with cheap labowt Emited environmental regulation
(Gould et al. 2004). Therefore, the treadmill odguction is fraught when it is applied
to production systems owned and operated in ecaraiyperipheral nation contexts
void of significant industry, a well-functioningwi service, and a stable society
conducive to the development of a significant lalfouce. Yet, such nations, which
are economically marginalised, and peripheral éoglobal economy (Wallerstein
1976), are prone to significant environmental ddgt@n by natural resource extraction
for local consumption, and for export to afflueations (Singer 1975; Fischer-
Kowalski & Amann 2001; Gould et al. 2004). Henttere is a need to adapt the
treadmill of production narrative to suit such @xis or to consider alternative
perspectives (see Bunker 2005 for further rationéthe need to consider global
position in treadmill of production analysis). Tém®re, whilst acknowledging the
treadmill of production, and the many subsequebtipations reviewing and analysing
it, the following narrative is generalised to duibader contexts including less formal
production systems that are common in periphet@masuch as Solomon Islands,
which is context for this thesis.

Narrative
Natural resources are exploited by producers [@gging companies, fishers) to satisfy
market demand. Production is supported by goventsrend other public
administration entities because increases in ptamucesult in economic growth,
employment and material affluence. Producers aimdrease net production and
production efficiency to maximise profits (assumthg ideology of constant growth).
Production efficiency is increased by the use dfit®logy rather than by an expanded
labour force. In the context of small-scale fishsyifishers would be expected to

maximise harvest to maximise income. The use@tmsingly efficient gears would

8 Note that this is a significantly simplified native to suit broader contexts than discussed by
Schnaiberg (1980). The purpose of the simplifiegatioto maintain relevance to the production system
analysed in this thesis; a small-scale fishery prei@pheral nation. The next sections continueferrto
the treadmill of production because it has hadia@amt influence in the literature.



make fishers more competitive by increasing caald, reducing labour expenses (e.g.
boat crew). Key to maximising profits is accessaasumer markets (including
proximity). Desire for maximised profits drivesethise of technology which results in
resource depletion. Thus, in the context of Ideaél social-ecological systems, this
perspective differs from the Malthusian overpogolaperspective primarily in that
resources are extracted for capital accumulatioexdpprtation from the local social-
ecological system, rather than for consumption @miofarter within the social-

ecological system.

Evidence
There is a growing literature that supports thejpective that the economic growth
ideology, manifest as capitalism and presentetie@se¢admill of production, is driving
resource scarcity. Evidence exists in descriptigeks and case studies such as a suite
of papers by Gould on industry pollution on the &eakes of the United States of
America (Gould 1991; Gould 1992, 1994), post-consuracycling in the United States
of America (Weinberg et al. 2000), rainforest ecarism in Belize (Gould 1999), and
environmental injustice in electronic industriegl{Bw & Park 2002; Pellow 2004), to
name a few. More recently, scholars have condumtedtitative comparative analysis,
using proxy, or manifest, variables [e.g. econofreedom, gross domestic product,
urbanization (York et al. 2003a; Ozler & Obach 200® amass a significant body of
evidence in support of treadmill of production perdtive (e.g. Naidoo & Adamowicz
2001; York et al. 2003a; Hoffmann 2004; Clausen &Rr2008b, a; Ozler & Obach
2009; Bradshaw et al. 2010). In a coral reef cantiistance to markets, which can be
considered a manifestation of market expansionaégthe condition of harvested fish
(Cinner & McClanahan 2006) amd situ fish stocks (Brewer et al. 2009; Cinner et al.
2012a; Cinner et al. 2012b). There is also subatavidence to suggest that market
access erodes fishery management institutions vexi, by and large, to constrain
exploitation (e.g. Cinner 2005; McClanahan et @D& Cinner et al. 2007).

Limitations
There are three clear limitations to the treadofilbroduction as a general theory for

explaining socially driven resource scarcity. Eies stated above, Schnaiberg derived

9



the treadmill of production from observations of tlapid rise of industry and corporate
enterprise in post-WWII America. Second, the tre#idof production assumes that the
producer privately owns natural resources, yetmahtesources are often shared my
means of common property institutions, with all ecoamity members acting as
producers, the state (via institutions that satinatresource exploitation rules), and
consumers (Weitzman 1974; Wade 1987; Ostrom &984). That is, in many
societies, the members of society possess coléease-rights to resources, such as
fisheries or forestry (Gordon 1954; McKean & Ostrd895). Third, the complexity of
the treadmill of production narrative, which inves/dynamic interaction of the state
(governance), the production system and the lafusoe as consumers and workers(see
Schnaiberg 1980) makes challenging, any attemptertgaratively and quantitatively
test the relevance of the perspective. Conseqgyeatiearch has focused on contextual
descriptions or the use of proxy metrics such asggdomestic product (GDP), to test
the occurrence of the treadmill of production, tesg in, what | perceive, to be a
failure to produce substantive evidence to supibistperspective. For example,
quantitative studies often correlate productiorx@e (e.g. GDP, urbanization) with
ecological indicators (e.g. fishery biomass), withconsidering how such proxies alter
production (exploitation) and natural resource nganaent institutions (e.g. Naidoo &
Adamowicz 2001; York et al. 2003a; Hoffmann 2004auGen & York 2008b, a; Ozler
& Obach 2009; Bradshaw et al. 2010). A better uvstdading of how such proxies
affect exploitation and management behaviours wonfmtove understanding of the
treadmill of production as a social process thasea resource decline. Therefore,
while there is significant support for this perspes; there is a need to consider
peripheral nation contexts, collective ownershipesiources, and behavioural changes

including resource exploitation and resource mainmasye.

Perspective 3: Modernization: Development and assed affluence and institutional
reform drive resource scarcity at low levels of miization, and drive resource
abundance at high levels of modernization (refeteeds ‘ecological modernization’ in
environmental sociology and the ‘environmental Kaigrcurve’ in ecological

economics).
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Theoretical foundation

The third and final perspective investigated irs thiesis is that of ecological
modernization and the related environmental Kuzoetge theory. Ecological
modernization proponents believe there is a growm@ncipation of politics and
economy from the environment (Mol 1996), and thenedirectly challenge the
treadmill of production thesis - that deindustdation and dramatic economic reform is
required to ensure future environmental sustairtgl§Mol & Spaargaren 2000).

Rather, ecological modernization proponents champaih increased efficiency by
technological innovation and public and privatditngonal reform as mechanisms for
ensuring a sustainable future (Fisher & FreudenB0@j) without the need for
dramatic economic restructuring of the global ecoyno They argue that the process of
ecological modernization is an essential pre-caoio further development - a part of
which is taking inspiration from ecological systemshe design of social and
economic systems, to make them more compatibl¢helnvords of a leading proponent

of ecological modernization theory:

“..the basic premise of the Ecological Modernaafti heory is the centripetal movement
of ecological interests, ideas and consideratiowslved in social practices and
institution developments, which results in the ¢ansecological restructuring of modern
societies. Ecological restructuring refers to tbelegically-inspired and environment
induced processes of transformation and reformggomin the central institutions of
modern society.”

(Mol 2003, p59.)

The allied environmental Kuznets curve theory isdaptation of the theory developed
by Simon Kuznets of non-linear (inverse U-shaped&uincome inequality with
increasing economic growth/production (Kuznets 1¥&®ssman & Krueger 1991).
The theory is rooted in economics, rather thanadogy, and therefore, provides an
economically rational explanation for the proposedrovement in natural resource

state with increasing affluence (York et al. 2003a)
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Narrative
At low levels of modernization, societies explagttural resources for improved shared
and personal welfare. Consequently, natural ressurecome scarce and pollution
levels increase. Once a certain level of modenazaand associated affluence, is
attained, societies have the luxury of being ablerioritize natural resource
considerations in decision-making. Consequentlihegiven level of modernization
(which varies across different natural resources@ollutants), natural resources
replenish and pollutants diminish as modernizapigresses. Ecological
modernization proponents suggest that this shitténsocial-ecological trajectory is
primarily a consequence of institutional reform amchnological innovation that is
driven by an awareness (largely in post-Industrégions) of the limits to production
and consumption combined with an environmental cionsness and consideration of
the welfare of future generations (Mol 2003). Saneironmental Kuznets curve
scholars suggest that increased modernization ssatiated affluence allow for import
of resources and export of pollutants ( a ‘scalect, transition from a primary
industry to a service-based economy and, througgareh and development (a
‘composition effect’), the application of technoleg that have a reduced environmental
impact (a ‘technique effect’) (see Grossman & Keret991 for theory development;

see Cinner et al. 2009b for testing of these edfject

Evidence
The modernization perspective is an attractive gsdgjpn: that institutions and
technology are transforming to ensure sustainaimmlkecological systems in the
future. Consequently, there is a significant &itare discussing the merits of, and
providing evidence for, the theory. Evidence dflegical modernization is often based
on case studies (e.g. Mol 1995; Mol & Sonnenfeld®0 A classic example of
ecological modernization is the chemical industr§europe. The industry was the cause
of severe environmental deterioration from priothte Industrial Revolution until the
1980s, when widespread public concern triggereuesiring of the industry. The
restructuring included environmental managemernesys in chemical companies,
including environmental accounting, and the proiguncof relatively environmentally
products, driven by consumer demand. The industnpw far more aligned with

environmental sustainability, and has a greatlyicished negative effect on ecological
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systems (Mol 1995). Further, proponents also pewre general regional and global
evidence such as the proliferation of environmemdel-government organizations (Mol
2000). The majority of quantitative research tegsthe merit of this perspective has
been labelled as the environmental Kuznets cufe environmental Kuznets curve
has been observed in fish catch (Clausen & YorkBap situfishery biomass

(Cinner et al. 2009b), the number of threatened $pecies (Naidoo & Adamowicz
2001), CQemissions (Rosa et al. 2004), city air pollutiod arater quality (Grossman
& Krueger 1995), and deforestation (Ehrhardt-Maaziet al. 2002), to name a few.

Limitations
Despite the accumulation of supporting comparadive case study evidence, the
modernization perspective has received significatitism from within the sociology
(particularly York & Rosa 2003) and ecological egcomcs (Arrow et al. 1995; Stern et
al. 1996) fraternities. Criticisms of the perspextire numerous, so for brevity, | will
elaborate on those that have relevance to thisstbesy.

York & Rosa (2003) identified four key challengeshie claims of ecological
modernization; 1) there is inadequate evidenceitiséitutional modifications lead to
ecological improvements; 2) there is inadequatdende of changes in production and
consumption patterns in the latter stages of magyesd) that ecological modernization
does not adequately show that decreased ecolagiipatt by some entities (e.g. firms,
corporations, nations) does not result in increamgghtive ecological impact by other
entities (i.e. ecological modernization does n&cahtely account for externalities);

and 4) there is a need for ecological modernizatoshow, not only that economies are
becoming more resource-efficient, but also thatdased efficiency exceeds the pace of
total production. Three of these apparent linoteg are particularly relevant to this

thesis, and therefore elaborated on here.

The second limitation identified by York and Ro2a@3), and elaborated by York et al.
(2004), is one of evidence derived from varianoer@ased variability in context) rather

than central tendency (mean trend). That is,ter Istages of modernity there exists
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increased variability in environmental performadoe to increased diversity in
production forms (e.g. processes, products andutieh types), and therefore, it is
possible that outliers that support ecological moation and the environmental
Kuznets curve are being over-reported whilst thamteend remains one of declining
resources with increased affluence. Evidenceisfiithitation is that ecological
modernization and the environmental Kuznets cureerdrequently identified in
general cases, such as global analyses of theasffemodernization on environmental
footprints (York et al. 2003a; Bradshaw et al. 20{@ble 1.1), but are more common

in context-specific cases in post-industrial nagi¢ag. Mol 1995).

The third limitation identified by York and Rosa)(@3) suggests that ecological
modernization and the environmental Kuznets curightronly apply in affluent
societies, such as post-industrial Europe (Fishéré&udenburg 2001). Variability
within nation states is still largely unknown(beesGrossman & Krueger 1995;
M'henni et al. 2011), and whether this theory &spto any degree in economically
peripheral nations is still unknown. Arthur Molleading author of ecological
modernization, acknowledges that a major shortcgrofrthe theory is that of its
Europe-centric nature, and poorer nations and sesimight not be undergoing
ecological modernization (Mol 2003). This acknadged limitation fits with world
systems theory and dependency theory, wherebydhaévier (core) nations (e.g.
United Kingdom, France, Germany, Japan, UnitedeStat America) maintain a
healthy natural environment by importing goods framd exporting pollutants to, poor
(peripheral) nations (Wallerstein 1974; Singer 1 Bickner et al. 2012), and
therefore ecological modernization/environmentatkets curve trends in core nations
are spurious (Figure 1.1). If Wallerstein (19743 &inger (1975) are correct, then
natural resources in relatively poor social-pcétiareas (nations, regions,
communities) are being exploited, and consequelgttyaded, to support consumption
by people in relatively affluent social-politicaleas. Ultimately, there is a distinct need
for a better understanding of modernization theoaig they apply to any potential
development policies in peripheral nations (Fra@&6al but see Hoffmann 2004;
Shandra et al. 2009 for evidence of the effect @fl@dvsystem position on natural

resources; McKinney et al. 2010). Both of thes@thtions (2 & 3) suggest there is a
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need for comparative (as opposed to case-basathrea in a peripheral nation context

to determine whether the critique offered by Yonkl &osa (2003) has merit.

Environmental Impact

Economic Development

Figure 1.1 Theorized effect of modernization (expressed as@mic development here) on
environmental impact in affluent nations showingttiwhen externalities are considered, environnhenta

impacts do not diminish at high levels of modertima Source: York et al. (2003a).

A final important limitation, which exists acrossrppectives, is one of causality. The
shared narrative of ecological modernization ardethivironmental Kuznets curve is
one of changing social behaviour, including reduesturce exploitation, at a given
level of modernization and associated affluencet, there is scant evidence to suggest
that modernization causes changing behaviour itha&tyn, explains improvements in
the state of natural resources. T hat is, the ntgjof studies correlate modernization
(using proxy variables such as GDP and urbanizptuath natural resource indicators
(e.g. air pollution, species diversity, resourceniass), without explaining the
mechanisms by which the non-linear relationshipuce¢Grossman & Krueger 1995;
York et al. 2003b). Such mechanisms include tladestechnique, and composition
effects outlined by Grossman & Krueger (1991). @reent exception is a local-level
multi-nation study by Cinner et al. (2009b) thaplkaned increased coral reef fish
biomass, with increased modernization, to be cabgatiffering levels of engagement
in fishing (composition effect), differing fishingears (technique effect), and better
transportation (scale effect). Therefore ther astinct need to understand causality,
and in particular, how modernization drives impmrbvesource management institutions
and decreased exploitation (Mills & Waite 2009).
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1.2.2SYNTHESIS OF THE DOMINANT PERSPECTIVES

Each of these three perspectives (Malthusian operption, market expansion, and
modernization) has a vast literature of supporénigience in different forms, including
qualitative and quantitative evidence from bothecstsidies and comparative analyses.
Attempts to compare and contrast the differentgetves have taken different forms,
with the general trend of analysis type from dgxore case studies and basic modeling,
through to more recent comparative analyses usaayination of social and

ecological data.

Early attempts to understand human effects on alatesources began with models that
incorporated aspects of each perspective, withquitaitly making reference to all

three perspectives. The most notable and endatiag model, developed by Barry
Commoner, Paul Ehrlich and John Holdren is the TP#odel (Impact = Population *
Affluence * Technology) that aimed to explain humiapacts on the environment as
the effect of population, affluence and technolagch that the effect of all three
independent variables is greater than the sumabf maisolation (Ehrlich & Holdren
1971; Commoner 1972). The | PAT model was notteemapt to synthesise the three
perspectives, but inadvertently incorporated sofriheodifferent variables contained
within the three perspectives. Since this timey@ber of refinements on this model
have been developed (see Chertow 2000 for a regesvyork et al. 2003c for a
comparison of dominant models). This general maata its refinements, is useful
because it accounts for interaction between domindependent variables.
Conclusions from empirical investigations usingAlTPbased models vary, but
generally, population (P) and technology (T) haegdiently explained impact (1),
whilst affluence (A) has mixed effects, dependimgadiich indicator variables are used
(e.g. gross domestic product), but each variabtemngext-dependent (York et al. 2002).
This approach has generally lent weight to bothMlaéthusian overpopulation and
market expansion perspectives (likely due to thaidant role that technology plays in
market expansion) (e.g. York et al. 2003a; YorkleR003c; Dietz et al. 2007).

Recently, with increased availability of large sd@nd ecological data sets, and a more
nuanced understanding of the aforementioned pdrgpecresearch has focused on
specifically comparing and contrasting the merithaf three perspectives, within single
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analyses, and in different contexts (e.g. nat@sburce type) (Table 1.1). The results
vary, depending on response variables (measuedaiivie resource state) and predictor
variables (that represent the respective persg)tivit is not clear, however, which
resource types respond to which drivers (Table 1Fby example, threatened species
are negatively affected by proxy variables fortlatee perspectives, but not consistently
across studies. However, natural resources waikkpected to respond positively to,
for example, improved management or the eliminatiomarkets, with species-
dependent variation in response (e.g. highly fe@peties with a low age at maturity,
such as some fish, would be expected to respond rapidly). The disparate modes of
analysis and data sources are also likely to affectesults. Generally, however, there
Is greatest support for the Malthusian overpopoitatind market expansion

perspectives.

As with the quantitative studies that address teatrof individual perspectives
discussed above, there are limitations to the ggaththat have been conducted. First,
the studies that have compared and contrasteldraé perspectives (Table 1.1) were
conducted at the nation-level. Because socialegomdl dynamics vary across social-
political levels, there is a distinct need to congpand contrast the three perspectives at
levels other than nation/country, such as at thalievel (community or village).
Second, quantitative comparisons rarely considep#rspectives as processes (but see
Cinner et al. 2009b), and instead directly testr@date) the effects of, for example,
modernization on wild fish stocks (a limitationdrer raised for each of the
perspectives). T here is a clear need to understavwdin this example; modernization
affects rates of exploitation and the efficacyedaurce management institutions, to
explain the condition of the fishery. Making thirsk between the variables that
represent the different perspectives, and the humehaviour(s) associated with
exploitation and management of natural resourcésillow us to understand better the
causal effects of abstract concepts like modernoizain natural resources (Mills &
Waite 2009).
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Table 1.1 Studies that quantitatively test the relative mefiall three dominant perspectives.

Study Unit of analysis Perspective  Explanatory variables Response variable Result
1 National MO Total Population Ecological Footprint +
Population Density Y +
Nondependent population o +
M [GDP per capitd] v NS
[Urbanizationf v
ME GDP per capita o
Urbanization !
2 National MO Population Density Mammal and Bird endangermatgs NS
Annual population growth o NS
Percent Urbanization o NS
Annual Deforestation rates o NS
M log[GDP per capitd] o +
[GDP per capita growth rafe]  “ NS
ME log[GDP per capita] o
[GDP per capita growth rate]  “
3 National MO Average annual population Threatened marinefagshwater fish  +
M log[GDP per capitd] v NS
ME log[GDP per capita] o +
4 National MO Total Population Landed fish catch
Total Population Mean fish trophic level
M [GDP per capitd] Landed fish catch -
[GDP per capitd] Mean fish trophic level -
[Urbanizationf Landed fish catch +
[Urbanizationf Mean fish trophic level -
ME GDP per capita Landed fish catch

GDP per capita
Urbanization

Mean fish trophic level
Landed fish catch
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Urbanization Mean fish trophic level -

5 National MO log[Total Population] Percent bird species theead +
log[Population density] o NS

M Environmental treaties ratified * +
ME log[GDP per capita] o NS

N.B. In some instances authors have generatedpieuitiodels. Summary results presented here amr éithan optimized model (optimised by e.g. lowskieke
information criterion score) or a model specifiatparticular perspective.

NS = Not significant. +/- 9 < 0.05.

MO = Malthusian overpopulation; ME = market expansiM = modernization.

Studies cited: 1. York et al. (2003a), 2. Hoffm2A@4), 3. Clausen & York (2008b), 4. Clausen & Y{2R08a), 5. McKinney et al. (2009).
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1.2.3GENERAL CONCLUSION ABOUT PERSPECTIVES FROM THE LITERATURE RE\EW

Each of the three perspectives has strengths muitdtions. Differences in the
conclusions drawn from the disparate studies kedylito result from differences in
scale including differing social-political level§ analysis (e.g. local, provincial,
national) and different contexts (e.g. resource tygvels of modernization, and
connectivity to other social-ecological systemdragle). Consideration of all three
perspectives, within any single context and saalikely to explain more of the
variance in ecological distributions, than any peespective alone. This point is
illustrated by the following statement by FisheF&udberg with respect to ecological

modernization:

‘The mere accumulation of additional examples, etiogly, would seem highly unlikely
to prove that one side is “right,” while the otlefwrong.” Instead, both the theory’s
proponents and its critics have met the philos@tuondition of existence proof—
anything that exists is possible—but it is equalbar that neither ecological
modernization nor the obverse [market expansionldcbe considered universal. The
task that now faces the scientific community issttuwork toward greater rigor in
identifying conditions under which “ecological medzation” outcomes are more or less
likely.’

(Fisher & Freudenburg 2001, p704.)

This point is further illustrated by Arthur Mol l@ading author of the modernization

perspective:

‘At the same time we have to acknowledge that énrtfajority of situations the most
fruitful explanations are to be found somewheraglthe continuum between the two
extremes [modernization and market expansion]jtadibelifferent points for different
social practices, localities, and times.’

(Mol 2003, p70.)

Ultimately, there are two potential social-ecol@ifutures. If some combination of
Malthusian overpopulation and market expansion daisithe future social-ecological
landscape, then human and ecological welfare wilirdsh. If ecological

modernization and the environmental Kuznets cueeds dominate the future social-
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ecological landscape, then human and ecologicdhveelill have a higher probability

of flourishing.

‘Come what may, the twenty-first century will beetbentury of the environment — either
the century of ecological catastrophes or the egrttiecological transformation.’
(Sachs et al. 1998, p8)

So far | have presented a review of the dominargpaetives of society’s effects on
natural resources including their respective theoayratives, evidence, and limitations.
| have also reviewed studies that have synthesisegderspectives, and highlighted
limitations to the syntheses. Based on this reyveewd the limitations to current
perspectives, individually, and in synthesis, | nmeceed by outlining the research
gaps that are addressed in this thesis.

1.3RESEARCH GAPS

Reviewing the literature highlights four clear rass gaps in the dominant human-
environment perspectives (described in detail belothe first research gap is one of
causality. The second gap is one of scale. Th@ ¢faip is one of context. The fourth
gap is one of triangulation of findings. | havedsed on research gaps that are
ubiquitous across perspectives, and so contrilbugeneral understanding of the effects
of society on natural resources, rather than attieignpo refine any one particular
perspective. | have taken this approach becauselgar that each perspective has
strengths and limitations, and is therefore, bgffifsnsufficient for explaining the

effects of societies on natural systems.

Research gap 1: Limited understanding of caus#&klinetween social and
ecological systems.
The majority of quantitative studies directly tds effect of proxy variables that are
representative of the elements of the perspecfegs population density, GDP,
urbanization) against indicators of the state ofira resource (e.g. species diversity,

fishery biomass), without considering the mechasibymnwhich these proxy variables
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act on natural resources. That is, there is dispaucity of research on the effect of
Malthusian overpopulation, market expansion or maidation, on resource
exploitation or the success of resource manageimstitutions which more directly
explain the state of natural resources (Mills & W&009). That is, most studies that
test the merit of the perspectives directly coteglasing regression techniques, the
effect of ‘driver’ (D) variables (proxy variablesrfthe respective perspectives) on
‘state’ (S) variables (the state of the naturabuese in question), without considering
the ‘pressure’ (P) variables that mediate the auon between driver and state
variables (but see Clausen & York 2008a; McKinnegle2010) (Figure 1.2).

Drivers Resource State

Malthusian overpopulation

Market expansion » Natural resource

Modernization

Figure 1.2 Model framework commonly used to test the merithefthree perspectives in explaining the

effect of ‘drivers’ (D) on the ‘state’ (S) of natlmresources.

To illustrate further- in the context of small-seéisheries, modernization does not
affect the biomass of targetedsitu fish stockger se but could result in increased
access to, and subsequent use of, more effic&nnhg gears (exploitation) that might,
in turn, decrease fish stock biomass, or cause geanent institutions to fail (Cinner et

al. 2009b). The argument is summarized by Alier:

‘The environment does not care at all about GNpY¢y variable for, or manifestation
of, modernization], it cares about absolute amoahfmllutants or extractions.’
(Alier 2003, p138)

° Other causes of resource decline exist includiegrdirect impacts of exploitation such as habitat
degradation and runoff from logging, and atmosgherrming from burning fossil fuels. | argue here,
however, that these are consequences of explaitatid have defined it.
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| address this research gap by developing anch¢eatmore nuanced model than that
presented in Figure 1.2. The model, based on rdsieoretical foundation that is
outlined below, includes proxy variables for eatlthe perspectives, measures of both
exploitation and management as mediating factois diverse measures of resource

State.

A widely accepted sociological theory is that breadial phenomena (e.g. population
growth, religious denomination, economic affluenceg¢asured objectively, influence
human behaviour (e.g. fishing effort) (Durkheim IR9The general theory posits that
individual actions (e.g. resource exploitation amehagement institution establishment
and adherence) are determined by broader socielidmnand phenomena, and therefore
the behaviour of individuals and social sub-grogpsonstrained by the broader social
context. Inherently, this infers causality betwé#es social phenomena and human
behaviour. The theory was first used to explainida rates in Europe (Durkheim

1897), but broadly applies to the behaviour of anly-set of a human population.

This theory has facilitated the development of feararks that link broad social
phenomena to natural systems, through human belavir example, it has been
adapted as the driver, pressure, state (DPS) maddekin drivers are the broad social
phenomena, pressures are those factors whichlgliegfect ecological systems, and the
state represents the measured condition of thegical system (e.g. Pirrone et al.
2005; Mangi et al. 2007). The framework for anelgssystems using this model is in
the form D— P— S'°. It was also used in the Millennium Ecosystemsessment
(2005). Similar frameworks have been adopted inesoporary research to explain
sequential cause and effect in social-ecologicstiesys (Forester & Machlis 1996;
Agrawal & Yadama 1997; Geist & Lambin 2002; McKiynet al. 2010), whereby

19 Additions to the three part model include, sequadiyti‘l” (impact on society), and “R” (socialesponse to the
causes of changed environmental state which featlstb “D” and “P”) such that: B>P—S—1—R (e.g.

Kristensen 2004).
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broad social phenomena explain human activitieskyhin turn, explain environmental
variability, following Durkhiem (1897). Yet, nond these studies has been used
explicitly within the dominant perspectives. | aegbased on the work of Durkhiem
and many since, that using this model structurbiwihe three different perspectives
will help inform our understanding of the cause affdct of societies on natural
resources. | therefore use Durkheim’s theory tcegatie a model structure that | use for

testing the three dominant perspectives of theesgsieffects on natural resources.

In quantitative analysis, proxy variables are useapproximate each of the three
perspectives. Such variables are, in effect, thasured manifestations of the
underlying theory for each perspective. In theeabe of reducing the complex
narratives into measureable variables, it wouldbgopossible to test quantitatively the
perspectives, or any social-ecological phenomenthéd matter. As reviewed above,
such variables include distance to markets, urlagioiz, and population density. In this
thesis, | maintain the use of proxy variables fwr@sent each of the perspectives.

Within the D— P — S framework such variables would be ‘driver’ (ynables.

Further, | argue that the primary social causessgures in the DPS model) of resource
decline are the utilization of natural resourcesré€in exploitation) by labour and
technology, and failure of resource managementumisins to constrain
overexploitation. There is evidence of the negaéffect of exploitation on natural
resources in all ecosystems where resources witle swility exist (see Jennings et al.
1995; Jennings & Polunin 1996 for contextually vele examples; Friedlander &
Demartini 2002; DeMartini et al. 2008 ). Thereaiso evidence that the presence of
effective resource management institutions contieto sustaining natural resources
(see Russ & Alcala 1989 for contextually relevardraples; Cinner et al. 2012b). In
this thesis, | therefore define the ‘pressure’@jables as those social characteristics
that represent natural resource exploitation, apgession of exploitation, through
resource management institutions. Within the madtaler variables, that are
manifestations of each of the perspectives, athertwo key pressure variables,
exploitation and management institutions, to efeechange in the state of natural

resources. This approach provides a more nuanuetstanding of each of the
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perspectives, and allows greater inference of diyyseommensurate with the process-
based narratives of each perspective. In figudddr.example, population growth (a)
causes increased exploitation of resources (b)fahue of management institutions to
limit exploitation (c), resulting in decreased matuesources (d).

Drivers Pressures Resource State

Malthusian
overpopulation Institutions

C
. d N |
Market expansion / atural resource
Exploitation

Modernization

Figure 1.3 Model framework, derived from Driver, Pressure t&theory. DPS theory is to be applied in
this thesis to explain the effects of society otura resources. The purpose of this model is tdt®size
the direct effects of human behaviour on natursbueces, and does not claim to account for indirect
effects such as variability related to climate gf@naused by the exploitation of tropical foreliste

that double-headed arrows represent interacti@tesff single-headed arrows assume unidirectiooa fl

of causality; institutions mediate the effects xbleitation on natural resources.

According to theory, each of the three perspectivesld show different effects
within the above model (Figure 1.3). Malthusianmpepulation would lead to failure in
management institutions and increased exploitatitansity, including the use of more
efficient and destructive gears, with clear negafiow-on effects to natural resources.
Market expansion would lead to failure of instituis through factors such as rule
transgression driven by potential economic gaind,iacreased exploitation intensity,
including the use of more efficient gears, sourttedugh income generation.
Modernization would, at some point in developmérdd to more sophisticated
management institutions able to cope with sustén@source allocation issues, and
the successful elimination of destructive explodtaipractises, such as dynamite fishing
and nylon nets with small mesh size. However, nyesdiages of development failure of
relatively simple management institutions and udsensustainable exploitation

practises would be expected.
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Research gap 2: Scale
There is bias toward national-level global analysfethie perspectives (York et al.
2003a, b; Hoffmann 2004; York & Gossard 2004; Césu& York 2008b, a; McKinney
et al. 2009) (Table 1.1). Preference for nati@téstevel analyses is probably driven by
data availability and global relevance. Yet, itlsar that different factors drive
resource decline at different social-political llisv@Kronen et al. 2010), and there is a
distinct paucity of comparative analyses at thallbevel. Yet decisions to either
exploit or conserve resources often occur at tbevidual and local-level, such as in
coastal fishing communities, with limited influenitem national-level policies. Also,
it is likely that people and ecosystems are majietly coupled at the local-level than at
the nation/state level (Almany et al. 2013), aref¢fore feedbacks between society and
ecology are more direct and consequently likelgagambservable. This is particularly
relevant to Solomon Islands coral reef social-egiol systems because, while there
are certainly exceptions (Foale & Maclintyre 20@@yal reef resources are frequently
exploited by the people living adjacent to the r@efwani 1999; Aswani 2002). Last,
there is less social-ecological complexity and diitg at the local-level (particularly
when comparing local-level sites within a natioas], than at the nation/state level,
and therefore less ‘noise’ in data, and greatetihkod of accounting for variability.
The local-level, therefore, provides both a sugadoid relatively novel level to compare
the merit of the three perspectives. This theditbesses research gap 2 by conducting
the comparison of the perspectives using coastatramities in Solomon Islands as

replicates within the analyses.

Variables that are used to approximate each gbéngpectives (proxy variables) at the
nation-level are not available at the local-le¥@r example, GDP, which is frequently
used as a proxy for both modernization and markgmsion, is not measured at the
local-level. Therefore, in this thesis | use conapée proxy variables that are both

available at the local-level and relevant to coeaff resources.
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Research gap 3: Geo-political context
As stated by Fisher & Freudenberg (2001), acknogdddy a key proponent of
ecological modernization (Mol 2003), and shownablé 1.1, the merit (explanatory
power) of each perspective will vary among différemcial and ecological contexts.
For the perspectives to develop therefore, it $eeial to test them across a diverse set
of contexts. Yet, there exists bias towards ssitbeused on modernized and affluent
nations and societies (e.g. Schnaiberg 1980; Gras$&Krueger 1995; Mol 1995;
Weinberg et al. 2000; Luck 2007). The perspecthas not been compared and
contrasted within an economically disadvantagedpperal nation context. Yet, as
discussed in the perspectives’ limitations abdverd is also strong evidence that the
position of a nation in the world system (Wallenst&€d74), be it peripheral, semi-
peripheral, or core, has a bearing on the staits ohtural resources (Hoffmann 2004;
Bunker 2005; Shandra et al. 2009; McKinney et @L®. Therefore, there is a distinct
need to understand, better, the effects of sosietienatural resources within a
peripheral nation context, where a large portioglobal biodiversity exists (Myers et
al. 2000; Kramer et al. 2009). If, for examplesrthis no evidence of ecological
modernization in peripheral nations then it is deshat ecological modernization
observed in core nations and in global analysasésult of core nations externalizing

their ecological footprints through resource imptan and pollution exportation.

To address research gap 3, the social-politicaestrfior this thesis, as stated above, is
Solomon Islands, a peripheral nation that is higldgendent on marine resources
situated in the western Pacific. Compared to othentries and territories in the Asia
Pacific region, Solomon Islands is poor, has amayepopulation density, and is
highly dependent on coastal resources for livelidso@ able 1.2).Solomon Islands is
typical of a peripheral nation in that it has rdlEmost exclusively on resource
extraction, including logging and tuna fishing, focome. Round-log exports, for
example, accounted for between 50-68% of the cpsn@BDP between the years 1990-
2000 (Central Bank of Solomon Islands 2000). Gmaller scale, a number of other
marine resources, including béche-de-mer, trocms shark fin, have had a long
history of both legal and illegal export (Benne?8Z). And so, in contrast to core
nations, where the perspectives have been studigebater detail, Solomon Islands is a
nation of net resource export and net pollutionanmargely by environmental

degradation caused by logging and mining), and sodontextually suitable location to
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conduct this research. It could be argued thaigugisingle nation would not present an
adequate range to test the merit of the moderonizgterspective (e.g. a large enough
range of modernization, relating to domestic inditg)ahowever, our understanding of
what an adequate range might be is still limitedi aon-linear effects of modernization
have been observed previously within single nat{@m®ssman & Krueger 1995;
M'henni et al. 2011).

Notably, several papers have begun addressing linese tifferent perspectives explain
key aspects of coral reef conditions at the loeaél in a coral reef context, including
study sites in peripheral nations. First, Cinrteale(2009b) compared the Malthusian
overpopulation and modernization perspectivesatdbal-level, and found
modernization better explained much of the variasfdbe biomass of reef fish. The
same study also proposed and tested the effectsrmipdtion on a number of
mechanisms (akin to ‘pressures’, or proximate dsyvm this thesis) of fishery
exploitation; the aforementioned composition, tegha and scale effects, and found
strong correlations between many of the indicatorables and modernization. Second,
Cinner et al. (2012a) compared the Malthusian ayaufation and market expansion
perspectives by meta-analysis on a global data3et.results show that distance to
market, as a proxy for market expansion, bettetagx@d fish biomass than did
Malthusian overpopulation measured as human papualdensity. Therefore, at the
local-level, within the ecological context of thigesis, there is strong support for both
the modernization and market expansion perspectivig@sh challenges the dogma of
Malthusian overpopulation. While very informativesither of these studies tested all
three perspectives. Yet this is important in actiog for colinearity between the
perspectives and considering which perspectivemsidant. Further, the first of these
studies was conducted in the western Indian O@ahthe second was a global
analysis. Yet, there is evidence of regional temmein coupled coral reef social-
ecological systems (Pollnac et al. 2010). TheeefS8olomon Islands, situated in
Melanesia in the western Pacific Ocean, represespatially novel context in which to

test the merit of the perspectives.
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Table 1.2 Dominant perspective attributes of Countries andifbeies in the Asia Pacific region,
including coral triangle initiative member counsriéncluded here are key variables relating to edich
the three perspectives similar to those variabdesl in studies presented in Figure 1.1. GDP igiahla
commonly used at the nation-level to represent bathmarket expansion and ecological modernization
perspectives, and population density is commonggue represent the Malthusian perspective. Further
data on population employed in coastal fishinglieen included to reveal both dependence on, aedl lev
of market integration of, coastal fishing. NotettHar the region, Solomon Islands has a low GDP,
average population density, and high dependenoeastal fisheries.- = no data, * = Coral Triangle
member countries. Data on population size was dérixom the World Bank (The World Bank Group
2004) and the United Nations Common Database (diNitions 2008) and the CIA World Fact book,
(CIA 2012). Coral reef area data was derived froenWorld Atlas of Coral Reefs (Spalding et al. 2001
GDP data was sourced from the CIA World Fact BdolA(2008, 2013) and the United Nations (United
Nations 2008).

GDP per % Population
capita (PPP) Population employed in
Countries and Territoriesin  (avg. 1990- / km? coastal
the Asia Pacific region 2000) coral reef fisheries

Malaysia* $17,200 8230.11 -
New Caledonia $16,606 39.16 -
French Polynesia $15,551 42.61 -
CNMI $10,950 1605.16 -
Timor-Leste* $10,000 - -
Palau $5,657 17.5 14
Indonesia* S$5,100 4922.78 -
Philippines* $4,500 4218.70 -
Cook Islands S4,477 12.49 25
Fiji $2,259 82.64 30
Marshall Islands $1,849 9.28 32
Fed. States of Micronesia $1,807 25.36 14
Tonga $1,670 66.24 10
Vanuatu $1,286 52.4 45
Tuvalu $1,183 14.71 79
Samoa $1,078 375.19 34
Tokelau $1,000 28.02 -
Papua New Guinea* $932 438.56 33
Solomon Islands* $881 82.16 60
Kiribati $499 31.29 69
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Research gap 4: Triangulation using local percepsio
None of the quantitative comparative studies netpto the dominant perspectives has
used local perceptions to triangulate conclusidgsderstanding of local perceptions is
likely to contribute to both theory development anaturation. Local people within a
study system (e.g. fishers in a fishery) are likelyrave knowledge that is not apparent
to system observers (e.g. scientists), and caeftivercontribute additional knowledge
to understanding the social processes that leesstaurce decline (e.g. Berkes et al.
2000; Johannes et al. 2000). Local perceptionalacelikely to either support or refute
quantitative models, and therefore add weight tdexce, or force review of
conclusions drawn from quantitative models alobaderstanding of local perceptions
is also likely to aid in developing a realisticoasce management agenda because, if
local perceptions are not aligned with scientifimclusions then the application of
scientific conclusions, for improved resource mamagnt will likely be untenable (see
Foale 2006 for a discussion on scientific and |&oawledge relevant to the context of
this thesis).

| address research gap 4 by conducting interviasiag a survey, with fishers and
middlemen (fish traders) in Solomon Islands. Tinesys were conducted in major fish
markets, where a large portion of the national fiséfcatch is sold. A component of
the survey included a series of questions reldbrige respondents’ perceptions of the
causes of coral reef fish abundance decline, arad thiey perceived would cause an
increase in coral reef fish abundance. The intever asked probing questions to
obtain the respondents’ perceptions beyond a sanggever response. For example, if a
respondent perceived that fishing causes coralffisgefo decline, then the interviewer
would probe by asking what the respondent beli¢gdae causing fishing to increase.
By doing so, qualitative responses were obtainatidle comparable to the scientific

model presented in figure 1.3.

So far | have critically reviewed the dominant pedives of the effects of society on
natural resources, individually, and in synthesibave also outlined four clear research

gaps and summarised how they are addressed ithésis. | now proceed by outlining
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the aim of this thesis including stated researghatives and an outline of the thesis

chapters.

1.4RESEARCH OBJECTIVES

The aim of this thesis is to fill the aforementidrresearch gaps by 1) explaining
society’s effects on natural resources, at theldlesel in an economically peripheral
nation, using dominant environmental sociology pecsives (research gaps 1-3), and
to 2) determine whether local perceptions, supporefute the scientific explanation
(research gap 4). These broad aims are achievedmpleting the following research

objectives:

4. Determine which dominant environmental sociologsspectives, of
societies effects on natural resources, best exgthe effects of exploitation

on;
a) Coral reef fish that are vulnerable to extinctignoverfishing;
b) Function and diversity of coral reef fish;

5. Determine which of the perspectives explain thauoence of coral reef

resource management institutions; and

6. Determine whether local perceptions support, artegfthe findings, as
identified in objectives 1 and 2, of society’s etfeon the exploitation and

management of coral reef fish.

1.5THESIS OUTLINE

The analytical component of this thesis is preskatethree chapters, which comprise
four stand-alone manuscripts (two manuscripts aptér 2, and one in each chapter’s 3
and 4; Figure 1.4). This section indicates therdoution of each chapter to the thesis

to filling the identified research gaps, by comjpigtthe thesis objectives.
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Chapter 1: General introduction } Introduction

Chapter 2: Social determinants of coral reef resource \
distributions.

Completes research objective 1a and b by filling, in part, research
gops1,2&3

Chapter 3: Social determinants of coral reef resource
management institution occurrence.

Data chapters
Completes research objective 2 by filling, in part, research gaps 1,

2&3

Chapter 4: Fisher and middlemen perceptions of coral reef fish
decline and increase.

Completes research objective 3 by filling research gap 4 }

Chapter 5: General discussion and conclusions. } Conclusion

Figure 1.4 Thesis chapter outline

1.6 SUMMARY OF THESIS CHAPTERS

Chapter 1. General Introduction

This (i.e. current) chapter provided a review @& ttominant perspectives on the social

causes of natural resource decline, and highlighttations of each of the perspectives.
Research gaps were identified, including a briefraew of how the research gaps will

be filled in the thesis.

Chapter 2: Social determinants of coral reef resource distributions
In this chapter, | quantitatively test the relatiaerit of each of the three perspectives in

explaining the coral reef fish distributions uso@mnparative methods (grey dashed line
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in Figure 1.5). This chapter focuses on the refethips between proxy variables for
each of the perspectives and exploitation (fishprgssure on coral reef ecology (the
next chapter focuses on the relationship betweexyprariables for each of the
perspectives and resource management institutiditg.analysis includes 25 sites
across Solomon Islands. The chapter is dividemtinb papers, with one focused on
how the dominant human-environment perspectivetagxphe distribution of coral
reef finfish that are vulnerable to exploitationfishing, and the other paper focused on
how these perspectives explain the ecological fon@nd diversity of finfish. The
rationale for writing two papers was that the egalal measures in each paper
represent different dimensions of the ecology oacreef fish. The paper on fish that
are vulnerable to overfishing is more relevantisbdries livelihoods, whilst the paper
on function and diversity is more relevant to estsy resilience. Both papers partly
fill research gap 1 by including fishing and caef habitat as a mediating variables
within the models. The studies are conductedetdbal-level, in a peripheral nation,
Solomon Islands, and therefore both papers alseeasldesearch gaps 2 and 3. The
results of both papers show that, within the sttmiytext, both local human population
pressure and access to markets explains the gspbisticated fishing gear, which, in
turn, best explains lower biomass of fish thatwar@erable to overfishing, and
decreased fish species diversity, and biomassyofugectional groups. Thus local
population growth and market access are likelyidg\ecological decline, which
supports the Malthusian overpopulation and markpamesion perspectives

respectively, and refutes the modernization petspec

Drivers Pressures Resource State

Malthusian

overpopulation Institutions

Natural resource

Exploitation

1
1

I

i

I

I

I .
[ Market expansion
1

I

I

|

I

i

I

Figure 1.5 Generalised model used in this thesis to testdlaive merit of each of the three dominant
perspectives for explaining natural resource st&eey dashed line is the component of the model

addressed in chapter 2. Black dashed line is tteehmmmponent addressed in chapter 3. Thus, the
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application of this novel model addresses resegaphl, and applying it at the local-level in a pkéral
nation addresses research gaps 2 and 3. Chapthich, addresses research gap 4 is derived from

perceptions based research so does not fit thelraqueri.

Publications derived from chapter 2:

Brewer, T.D., Cinner, J.E., Green, A., Pressey, R.L. Local hup@pulation density
and proximity to external markets explain pattevhexploitation of vulnerable coral
reef fishes. Conservation Biology. DOI: 10.111Bp3-1739.2012.01963.x

Brewer, T.D., Cinner, J.E., Fisher, R., Green, A., Wilson, 2812. Market access,
population density, and socioeconomic developmeplaén diversity and functional
group biomass of coral reef fish assemblages. GEitaronmental Change. 22; 399-
406

Chapter 3: Social deter minants of coral reef resour ce management institution
occurrence

In this chapter | empirically examine the relatierit of each of the three perspectives
in explaining the occurrence of coral reef resounamagement institutions using
comparative methods (black dashed line in Figusg &nd thus fill, in part, research
gap 1. lalsofill, in part, research gaps 2 atdGause, as with chapter 2, it is
conducted in Solomon Islands at the local-levedoriclude that human population
density has a dramatic negative effect on theihkeld of any given community having
fishery management institutions, which lends wetgithe Malthusian overpopulation
perspective. Yet, relatively modernized (modenirawas measured as summed
infrastructure and amenities in communities) comitnesrand communities with fish
markets are more likely to have a fishery managémstitution that could help
mediate a given population’s environmental impaldtese findings lend weight to the

modernization perspective, but detract from thekelagxpansion perspective.

Therefore, based on the results of chapters twdlaed, | conclude that local
population pressure (Malthusian overpopulatiorgnsifies exploitation and has a
negative effect on management; access to marketkémexpansion) also intensifies

exploitation, but has a positive effect on manag#mend infrastructure and amenities
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(modernization) has minimal effect on exploitatiand a positive effect on

management.

Publication derived from chapter 3:
Brewer, T.D., Kool, J.K., Foale, S., Cinner, J.8ocial and economic drivers of natural

resource management institution occurreriogpreparation

Chapter 4: Fisher and middlemen per ceptions of coral reef fish declineand

increase

This chapter, based on field surveys with fisheid f&sh middlemen in Solomon
Islands, assesses local perceptions of the catisesfdish decline and increase.
Comparison of local perceptions with the findingslapters two and three fills
research gap 4. Perceived causes of fishery @eatid recovery were numerous, based
on results of surveys with 119 respondents. Howeal@ninant themes emerged
including the role of fish markets in causing fagrline, and the role of access to
consumables, by modernization, increasing fishif@teto result in fishery decline. |
conclude that local perceptions are similar tofih@ings presented in chapters two and
three, and to previous published literature. Tloees management intervention, based

on scientific evidence, might be well received.

Publication derived from chapter 4:
Brewer, T.D. 2013. Dominant discourses, among fishers and e, of the factors
affecting coral reef fish distributions in Solomislands. Marine Policy. 37; 245-253

Chapter 5: General discussion and conclusions

This, the final chapter, summarises the findingthefthesis and discusses them in the
context of the dominant perspectives of societffsots on natural resources.
Discussion and theoretical contributions relatmgach of the three data chapters (four
papers) is contained within each respective chagtberefore those chapter-specific
points of discussion and theoretical contributiah mot be repeated here. Instead | 1)
review the research gaps, show how they have lnessed in this thesis, and
highlight how addressing the research gaps coné&#io theory, 2) present a unified
narrative of society’s effects on coral reef fishe¥sources in Solomon Islands as the
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broad theoretical contribution of this thesis, Bcdss limitations to the thesis, and

associated future research, and 4) draw generalusions.

Note regarding chapter terminology and consistency

Because this is a thesis by publication, eachefdhlr papers had to be tailored to the
journal audience and editorial requirements of gjggournals. To provide consistency
throughout the thesis, | have amended the conténit® publications to make

terminology consistent, minimise redundancy, anthtaa a consistent voice.
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CHAPTER 2: SOCIAL DETERMINANTS OF CORAL REEF
RESOURCE DISTRIBUTIONS
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CHAPTER 2A: SOCIAL DETERMINANTS OF THE
EXPLOITATION OF CORAL REEF FISHES THAT ARE
VULNERABLE TO FISHING !

ABSTRACT

Coral reef fisheries are crucial to the livelihoad$ens of millions of people, yet
widespread habitat degradation and unsustainaia§j are causing severe depletion
of reef fish stocks. Understanding how social aconomic factors such as human
population density, access to external markets naodernization interact with fishing
and habitat to affect fish stocks is vital to susibly managing coral reef fisheries.
This chapter assessed whether these factors exlaation in biomass of coral reef
fish among 25 sites in Solomon Islands, witlsitu fish data and national social and
economic data, using structural equation modetsatdgorized fishes into three groups
based on life history characteristics that makéagefishes more, or less, vulnerable to
extinction. The results show that the biomassstf with low extinction vulnerability
was positively related to habitat. The biomasBstf with high extinction vulnerability
was negatively related to fishing using efficieefigthat, in turn, was strongly
positively related to both population density anarket proximity, suggesting additive
effects. Biomass of the fish species of mediunmekbn vulnerability was not
explained by fishing intensity or habitat, whiclggasts these species might be resilient
to both habitat degradation and fishing.

" Brewer, T.D., Cinner, J.E., Green, A., Pressey, R.L. 2013. Lbuman population density and
proximity to external markets explain patterns xpleitation of vulnerable coral reef fishes.
Conservation Biology. 27; 443-452
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2A.1INTRODUCTION

Conservation actions frequently aim to reduce tlogimate drivers of natural resource
decline, such as unsustainable fishing or landriclga However, a sole focus on
managing proximate drivers can limit the effica¢yozal conservation action by
overlooking the underlying drivers of resource exption (Geist & Lambin 2002;
Kramer et al. 2009). Alternatively, underlyingwts (hereafter distal drivers) such as
human population growth, economic inequality, aadqapita wealth have been used to
directly explain variability in the condition of fnaal resources (York et al. 2003a;
Bradshaw et al. 2010). However, these distal dsiaee conceptually remote from the
natural resource in question, making inferenceaofality tenuous (Mills & Waite
2009). For example, in the context of small-séaleeries, modernization (which
reflects not only affluence as in economic develeptnbut also variables such as
access to infrastructure and institutions) doesffett the biomass of targetedsitu

fish stocksper se but could affect proximate drivers such as inseglaccess to, and
subsequent use of, more efficient fishing gearstrthight, in turn, decrease fish stock
biomass (Cinner et al. 2009b).

Here, | explore how elucidating relationships amdisgal drivers, proximate drivers,
habitat and natural resources can inform consenvaind management actions. |
investigate whether potential distal and proxinthteers explain coral reef fish

biomass across a gradient of social and economiditons in Solomon Islands.
Theoretical and empirical work on social-ecologicééractions suggest three dominant
perspectives of how societies affect the stateatiinal resources and so provide a

foundation for this investigation.

2A.1.1DOMINANT PERSPECTIVES

Malthusian overpopulation
First, local human demography influences the statumatural resources; increasing
human population density is generally thought tesearesource decline (see Malthus

1798 for foundational theory). Population sizgpebple has been shown to negatively
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correlate with small ecological footprints (Yorkadt 2003a; Dietz et al. 2007), low
absolute environmental impact (Bradshaw et al. 20ddkcies richness of threatened
mammals and birds (McKinney et al. 2010), high mieaphic level of marine fish
(Clausen & York 2008a), and the extent of distridmg of threatened marine and
freshwater fish (Clausen & York 2008b). | hypotlaeghree ways in which increased
local human population pressure can deplete ceedlfish stocks: increase in fishing
intensity using basic fishing gear for local congtion; increased use of efficient
fishing gear as human population size increasesacdant with ‘Malthusian
overfishing’ (Pauly 1988); and reduction in habgatlity via direct damage and runoff

of land-based pollutants.

Market expansion
Second, declines in local resources can also rigeuitnet resource export through
increased production driven by access to markets $shnaiberg 1980 for foundational
theory). The state of coral reef fisheries has\ls®wn to correlate negatively with
proximity to domestic markets (Cinner & McClanal2f06; Brewer et al. 2009;
Aswani & Sabetian 2010) and international tradedral reef fish (Warren-Rhodes et
al. 2003). I hypothesize that market proximity agsroxy for market expansion, can
deplete fish stocks via two key proximate drivémsreasing fishing intensity using
efficient gears to supply external markets; and-aegtion of habitat caused by efficient

gears which damage habitat structures.

Modernization
Third, considerable research has shown that maziron and associated affluence can
influence the ways in which societies use natwsburces. Modernization is related to,
for example, the tools that societies use to predjoods and services, the types of
goods and services traded, the ability of socid¢tiesctract resources from distant
locations, and the ability of societies to fundestific and resource management
institutions (Arrow et al. 1995). Relations betwewodernization and resource
conditions can be complicated, with some empimdeervations of a nonlinear U-
shaped relation inferring improved environmentaiditon at high levels of

modernization (see Grossman & Krueger 1991 and;é¥lal. 2010 for foundational
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theory). This type of relation has been obsermedbr example, fish catch (Clausen &
York 2008a),n situ fish biomass (Cinner et al. 2009b), the numbehigatened bird
species (Naidoo & Adamowicz 2001), gémissions (Rosa et al. 2004), city air
pollution and water quality (Grossman & Krueger 39%nd deforestation (Ehrhardt-
Martinez et al. 2002). Thus, one hypothesis is ti@dernization could have a
nonlinear effect on fish stocks by increased figlpnessure and habitat degradation at
low levels of modernization followed by a declimefishing pressure, and reduced
habitat degradation at higher levels of moderniratiAn alternative hypothesis is that
modernization is achieved through exploitation atunal resources and its relationship

with the condition of natural resources is consigyenegative.

To date, no studies have simultaneously looketeatdlative importance of these three
perspectives in explaining fish biomass distribagi@across a gradient of vulnerability to
human activities. To address this, we collectadiadoeconomic, and ecological data
from 25 sites across Solomon Islands (Figure 2ant) examined relationships
between three distal drivers (population densitgeas to fish markets, and
modernization), two proximate drivers (fishing wiihsic gears requiring small capital
investment and fishing with efficient gears requgriarge capital investment), habitat
(coral cover), anth situreef fish biomass.
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Figure2A.1 a) The main islands of Solomon Islands showingystiid locations, and b) a generalized

image of a study site including marine site boupdacological sampling location, coral reef araa a

villages.
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2A.2METHODS

2A.2.1F1SH BIOMASS AND VULNERABILITY

Fish biomass data were collected at 66 sites atlesSolomon Islands between May to
June 2004 using underwater visual census alondfive belt transects at each site, at a
depth of 10 m (Green et al. 2006) (see Appendir 2iétailed sampling method).

From these survey data, we used a measure of abiligrto extinction (hereafter
‘vulnerability’) based on the index developed byeGhg et al. (2005), and available
from FishBase (Froese & Pauly 2011). This indexeas each species’ vulnerability (0
to 100) based on ecological characteristics aedistory traits. | grouped an
approximately equal number of species into theetleagegories of vulnerability: low
(n=111), mediumr{=90), and highr{=85) (Table 2A.1). It was not possible to assign
an equal number of species to each category beoaasg species had the same
vulnerability score (Appendix 3). In cases wheasé fwvere not identified to species they
were assigned the mean vulnerability of recordetisg within the respective genera
from within the sample. Species from famill&gohosidaeDiodontidaeand
Synodontidaevere omitted because no vulnerability values vaealable within the
sample at the genus level. | omitted familzaangidaeandCaesionidadecause their
species are highly mobile (Thresher & Gunn 1986@)) @an form large schools (Graham
et al. 2003), and both characteristics could h#fexi@d the accuracy of the belt
transect sampling technique. We included all otteenersal reef fish. Biomass was

then summed for each vulnerability category at esiieh(Appendix 3).
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Table 2A.1 Potential distal and proximate drivers, habitat] essource state variables used in models, indudiw data, data sources, and pre-model

transformations.

Data Supporting
Model Components Variables within model components® Pre-model transfor mations sour ce literature”
Distal Drivers
Human population density Human population density n (human population/khtoral ~ SIC* 1,2,3,4,5,

reef) 6,7,8,9,10.
Market proximity Shortest distance from ecological survey Sum {fm + pc + nc) SIVRS; 12, 13, 14,
location to the nearest local fish market SIDLHS®  15.

(Ifm), provincial capital §c), and national
capital oc), by road and sea
Modernization Presence of pre-school, kindergarten, Ln (sum (all modernization SIVRS 11.
primary school, community high school, variables/number of villages))
clinic, wharf, trade store, supermarket,
postal service, fuel depot, credit facility,
bank, airport

Proximate Drivers

Small-investment, basic gear Population consuming fistefj PCA’ (In(cflkm? coral reef) + SIC;
fishing No. fishing lines () In(fl/km? coral reef) + Infd km*  SIVRS
No. wooden canoes (wc) coral reef))

Large-investment, efficient Population selling fishsf) PCA (Insfkm? coral reef) + SIC;
gear fishing No. eskies€) In(e/lkm?coral reef) + Info/km? SIVRS
No. fibreglass boatdh) coral reef) + Inggkm? coral reef)
No. spear gunss() + In(fr’km? coral reef))

No. fishing netsff)

Habitat
Live coral cover % live coral cover N/A REA 16, 17, 18.

Fish Biomass

All demersal fish All demersal fish Biomass/ha. REA
Low vulnerability fish Vulnerability scofe= 10 to 23 Biomass/ha. REA



Medium vulnerability fish Vulnerability score 420 35 Biomass/ha. REA

High vulnerability fish Vulnerability score = 36 76 Biomass/ha. REA
& Description of acronyms of variables within modemponentslfm - a small local market where reef fish are likelyotofrequently soldoc -a capital exists in each
of the provinces, and each capital has frequemtérating fish markets, likely to be larger thardioiish markets, and selling fish at a higher priee- national
capital, having the largest fish market in the axatwhere fish prices are likely to be higher teésewhere, attracting fish sellers from furtheeldficf - the number of
people consuming fish at each study Sltefishing lines, likely comprising mainly handlinasc -wooden canoes are typically dugouts powered by |pasid-the
number of people selling fish at each steinsulated ice boxes frequently used for presgrpierishable food including fisfb - fibreglass boats are typically 5m to
8m in length and powered by outboard motegs-spearguns are likely to include both Hawaiian slikg spears which do not have a trigger mechanismare
exceptionally efficient when used at night, and sonore advanced models with trigger mechanisnigridcally made or importe¢h —fishing nets are likely to
include both traditional bush material nets andnyill nets.
®See Cheung et al. (2005)
Principal Components Analysis
4 Solomon Islands 1999 National Census
€ Solomon Islands Departments of Lands, Housing,Sundey
" Solomon Islands 2008 Village Resource Survey
9 Rapid Ecological Assessment (Green et al. 2006)
" Supporting literature: 1. Jennings & Polunin (1926 Jennings & Polunin (1997), 3. Dulvy et alDQ2a), 4. Dulvy et al. (2004b), 5. Newton et aDq7), 6.
Williams et al. (2008), 7. Mora (2008), 8. Sandirak (2008), 9. Stallings (2009), 10. Mora et(aD11), 11. Cinner et al. (2009b), 12. Cinner & Ne@han (2006),
13. Brewer et al. (2009), 14. Aswani & Sabetianl@Q 15. Schmitt & Kramer (2010), 16. FriedlandePé&rrish (1998), 17. Graham et al. (2008), 18. B&ge
Possingham (2008). Citations are only to literatbeg provides quantitative evidence of effectsesource state, in a coral reef context.

45



2A.2.2S0CIAL AND EconomMIC DATA

Social and economic data were derived from natisnaleys including national census
data (Solomon Islands Government 1999), and amaltiollage resource survey
(Solomon Islands Government 2008) (Table 2A.1). sAtial and economic data were
measured at the village scale. | defined the apatitent of each site to determine
which villages (and the related social and econataia) were associated with the fish
data from the rapid marine assessment. The sjgat@nht of each site was elicited from
individuals possessing local knowledge of marirsvuece use by people residing in
villages adjacent to the fish survey location. Trterviews were conducted in Honiara,
the national capital. One constraint of this mdttsothat, particularly for finfish, site
boundaries are not necessarily strictly adheregrtahably due to their relatively low
economic value compared to other fisheries sud¢hoabus and &che-de-mer (Ruddle
1996). Therefore fishers with adequate transpertle to fish over vast distances,
rather than being constrained to their territorAdgernative methods exist for
estimating resource use boundaries, includingdncmapping using thiessen polygons
(Mulller & Zeller 2002), ethnographic studies (Aswd 999), and participatory GIS
mapping (Aswani 2011). However, the large-scatenesof this study inhibited the use
of these more localized resource use mapping tqabai The marine boundary, as
elicited from experts, was defined as the areaiwitine vicinity of fish survey sites
likely to be exploited by people living in villag@sthin 1 km of the adjacent coastline
(Fig. 2A.1b). Boundaries were drawn on 1:150,0@@a maps.

Distal Drivers
Three variables were used to represent potenstdlidirivers associated with each of
the perspectives of how societies affect natusdueces: human population density,
market proximity, and modernization (Table 2A.1gude 2A.2). Human population
density was measured as the total number of irduatisitvithin the boundary of each
site per coral reef area (RnFisher mobility across boundaries is likely tmstrain the
accuracy of this method of measuring human pomratensity as mentioned above.
However, this method is used based on the assumipbiab there is not bias fishing
effort outside marine boundaries across the stitdg.sCoral reef area was measured at

each site by tracing all visible coral reef witlsite boundaries, using Google Earth

46



Pro, defined as the total visible coral reef aréhiw site boundaries, as derived from
the expert elicited site boundary maps (Fig. 2A(Brgwer et al. 2009). Market
proximity was measured as the shortest distance fhe centre of each ecological
sample location to the centre of the nearest lagfalmarket, provincial capital, and
national capital (all of which have fish markets)ng roads and sea as possible routes
within the same distance measure, using ArcGISI€T2A.1). A single measure of
market proximity was developed, for each site, laypming the unweighted distances
from the ecological sampling location to the netl@sal fish market, provincial

capital, and the national capital (Table 2A.1). ddmization was measured as the sum
of a set of unweighted infrastructures and amexiiighin site boundaries (Table
2A.1), using indicators of modernization similap@vious studies (Cinner et al.
2009b; Pollnac et al. 2010). The aggregate dooreach site was then divided by the
number of villages at each respective site, torcbfdr infrastructure and amenity
accessibility (Cinner & McClanahan 2006).

Proximate Drivers
Two potential proximate drivers (Table 2A.1) liketymediate the effect of distal
drivers on fish biomass were measured: small-imvest fishing using basic gear
(hereafter “basic gear fishing”), and larger-inwesit fishing using efficient modern
gear (hereafter “efficient gear fishing”) (FigurA.2). Basic gear fishing was measured
as the total human population consuming fish, talers of wooden canoes (Photo
2A.1), and the number of fishing lines, all expessper km of reef area at each site,
the data for which were derived from the censuswdiabe resource survey (Table
2A.1). Efficient gear fishing was measured astthal human population selling fish
and numbers of fiberglass boats (Photo 2A.2), atsdlice boxes (referred to as
“eskies”) (Photo2A.3), spearguns, and fishing neltexpressed per knof coral reef at
each site, the data for which were also derivenhftioe census and village resource
survey (Table 2A.1). Within basic and efficienageategories, we combined the
variables using Principal Components Analysis (P@Akach fishery separately. The
two fishing types were distinguished by the investirequired to acquire and maintain
the respective gears, and the relative increasatoh-per-unit-effort that can be
expected with efficient gear (Hallwass et al. 201Basic gears and efficient gears also

reflect fishing for local use and fishing for matkeespectively.
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Photo 2A.1 Fishers in traditional wooden paddle canoes in &wvilagoon, heading out to the reef edge

for fishing at dusk.

Photo 2A.2 A typical fibreglass boat used for fishing and saort throughout Solomon Islands. Most are
roughly 5 -7 metres in length, equipped with a BabBsepower engine. They require significant finainc
outlay and are costly to run due to local fuel fibceglass costs, as well as outboard maintendndaefar
more efficient and stable than dug-out canoes. phiscular boat belonged to Michael Giningele, the

father of Joe, who assisted with the field worktfas thesis.
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Photo 2A.3 A very kind fish seller, ‘Buss’, who introduced neefish sellers at the Honiara market. Seen
here replenishing ice in his esky on a hot dapatHishing Village market situated on the outslafts

Honiara.

Habitat
Habitat occurrence and condition is an importatemeinant for explaining ecological
communities. Habitat was defined as percent liwagl cover (Table 2A.1) which has
previously been shown to explain reef fish disttidns (e.g. Friedlander & Parrish
1998; Beger & Possingham 2008; Graham et al. 2BDft;a et al. 2012) (Figure 2A.2).
To do this substrate type was measured, incluclimgl cover, at three points every 2m
along five 50m belt transect (totalling 375 poiatsach survey location), using the
same transects used in the fish survey (Hughes)2006

2A.2.3LINKING FIsH DATA TO SocCIAL AND Economic DATA

A number of the initial 66 ecological survey siteaild not be included in the final
analysis. Reasons included incomplete fish daiserace of social and economic data,
unclear association between villages and ecolodgat@ (due largely to complex

resource-use rights determined by genealogies)trendeed to reduce ecological
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variability by omitting fish survey locations cléfsd as sheltered from prevailing
weather (Karlson et al. 2004). Consequently, goanalysis, the data set included
three potential distal drivers, two potential proate drivers, habitat, total fish biomass,
and fish biomass in three vulnerability categoriesa;, medium and high (Table 2A.1)

for 25 sites.

2A.2.4ANALYSIS

Partial least squares regression, in the programp\RBS, was used to build structural
equation models (SEMs) (Figure 2A.2). Partial iesagiares was chosen over
covariance-based approaches primarily becausdetsine small sample size (Chin &
Newstead 1999; Reinartz et al. 2009). Distal dsyproximate drivers and habitat
variables remained consistent across models withtba fish biomass response
changing between models. This resulted in uniqadats for each of the four fish
biomass categories - total fish biomass, biomasistof low vulnerability, biomass of
fish with medium vulnerability, and biomass of fighhigh vulnerability - each of
which had the structure presented in figure 2AlBe partial least squares method
partials out each analysis (e.g. the effect of patmn density and modernization on
coral cover) from the overall model and therefamehis study, is equivalent to sets of
non-linear regressions, except that overall matlstdtistics are also generated. The
models were bootstrapped, set at 999 iteratiorlsmédels were constrained to second-
order polynomial relationships, thereby allowingple, non-linear relationships
between variables. Warp PLS software has an infumttion whereby the relationship
between two variables will default to a smallerardolynomial if it is deemed linear
(Kock 2010). The output generated included indigidstandardized path coefficients
(8), partial model fit scores?) and overall modgp values calculated through
resampling estimations coupled with Bonferroni-ldarections (Kock 2010). The
total effect of each distal driver (market proxigitnodernization and population
density) was calculated by multiplying the standsed coefficients£) within each

pathway then summing these values for pathwaysaded with each distal driver.
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Distal drivers Proximate drivers Habitat Resource state

Modernization )- - - Fishingwith
\\"‘ basic gear
Population
density Fishing with
efficientgear — Positive effect
Megative effect
Market e s — S Coral K "
proximity T PR = & Unknown effect

Figure 2A.2 Schematic structural equation model of the socidl@conomic determinants of coral reef
fish biomass distributions. Arrows show hypothedizorrelations between variables within the model.
Unknown effect of modernization due to divergentspectives. Note “Population density” is the
dominant surrogate variable for the “Malthusianrpepulation” perspective, and “Market proximity” is

the dominant surrogate variable for the “marketaggion” perspective.

2A.3RESULTS

2A.3.1DATA REDUCTION

One principal component was adequate to descritdefeshning intensity variable: basic
gear fishing X = 2.4; variance explained = 79.3%) and efficiezdrfishing = 3.3;
variance explained = 65.4%). The variables thaimised both basic gear and efficient
gear fishing had positive factor loadings>dd.65 on each principal component, and
therefore all variables contributed positively aticbngly to each respective fishing
intensity variable. The mean density, per reefapé basic gear fishing variables was

markedly higher than those representing efficiesitifg (Figure 2A.3).
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Figure 2A.3 Density of variables comprising basic gear fishamgl efficient gear fishing, across sites.
The central bar within the box represents the nmedédue. The range within the closed box represents
the middle 50% of data points (25% below and 25%vatihe median). The range between the ends of

the box and the ‘whisker’ lines represents the uppe lower 25% of data, excluding outliers.

2A.3.2EFFECTS OF DISTAL DRIVERS ON PROXIMATE DRIVERS AND HABITAT

Distal drivers explained much of the variance @f pnoximate drivers and some of the
variance of coral cover. Together, the three Hibigers - modernization, population
density and market proximity - explained 76% of Wiaeiance of efficient gear fishing.
Modernization and population density explained 8#%he variance of basic fishing
gear. Modernization, population density and edfitigear fishing explained 33% of the
variance of coral cover. Therefore, the distalehs proved to be good predictors of

fishing, but poor predictors of our measure of tathiondition.
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2A.3.3DISTAL AND PROXIMATE DRIVERS OF TOTAL FISH BIOMASS

Total fish biomass was best explained proximatglyhle negative effect of efficient
gear fishing £ = -0.62;p <0.01) (Figure 2A.4A). Coral cover had a non-gigant (p >
0.05) negative effect on total fish biomass, angldgear fishing had a negligible
effect. The two proximate drivers and coral comgplained 40% of the variance of
total fish biomass. The effect of efficient geighing on total fish biomass was
explained by both population density< 0.39;p <0.01) and market proximity (=
0.55;p <0.05). Modernization had a weak negative effgéet -0.1;p> 0.05) on
efficient gear fishing. Therefore, population dgnand market proximity together,
through increased efficient gear fishing, best aix@d the distribution of total coral

reef fish biomass in Solomon Islands.

2A.3.4DISTAL AND PROXIMATE DRIVERS OF FISH BIOMASS IN VULNERABILITY

CATEGORIES

The biomass of fish with low vulnerability to fisig was best explained proximately by
coral cover £ = 0.39;p <0.01) (Figure 2A.4B). Basic gear fishing alsadl lsame weak
negative effect{ = -0.21;p> 0.05). These two proximate drivers combined ardlc
cover explained only 26% of the variance of lownarkbility biomass. Coral cover, in
turn, was partly, but not significantly, explainey efficient gear fishing4 = -0.38;p
=0.06). Therefore, coral cover had a clear pasi@iffect, but no distal drivers had a
discernable effect, on the biomass of fish with lavinerability. The biomass of fish
with medium vulnerability to fishing was not sig#ntly (p >0.05) explained by any

of the proximate drivers or coral cover (Figure £8). The biomass of fish with high
vulnerability was best explained by fishing witlii@ent gears, which, as with total
biomass, was explained by both population densityraarket proximity (Figure
2A.4D). Coral cover had a negative, but not sigatiit, effect on the biomass of fish of
high vulnerability. This unexpected effect migletdéxplained by one site that had low
coral cover but exceptionally high biomass of hyghlinerable fish. Combined, the
two proximate drivers and coral cover explained 3@%e variance of high

vulnerability biomass.
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Figure 2A.4 Structural equation modeling results (SEM) of thtalteffect size (determined by multiplication aitp coefficientsf) along each distinct path, prior to
summing of distinct paths) for the different disdald proximate drivers for each of the resource stariables based on the general model (Fig. 2A.R}shaded bars
show direct effects of coral cover, basic gearifighand efficient gear fishing on fish biomassadX bars show the effect of distal drivers anctifit gear fishing on
each category of vulnerability through coral cougark grey bars show the effect of distal drivemsfish biomass through basic gear fishing. Liglgtygbars show the
effect of distal drivers on fish biomass througficgnt gear fishing. APC = average path coeffitigh) value within the model. ARS = average variangal&red

(r¥) within the model from each of four response \&ga. AVIF = average variance inflation factor. €9.05, *p<0.01, *p<0.001).
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2A.4DISCUSSION

This study determined whether potential distal praximate drivers explained spatial
variation in the biomass of reef fish in Solomolasls. Total fish biomass was explained
proximately by fishing with efficient gears, whighas, in turn, explained by market
proximity and population density. However, thediimgs differed when total fish biomass
was disaggregated into low, medium, and high valpiéty categories. Variation in
biomass of low vulnerability reef fish was explain@oximately by living coral cover.

This suggests that fish that are less vulnerablisiing are likely vulnerable to factors that
degrade habitat (Graham et al. 2011). As with tioi@iass, the biomass of high
vulnerability fish species was explained proximatey fishing with efficient gear, which

in turn was significantly explained best by marngeiximity but also by population density.
This suggests that fish in this highly vulnerakd¢egory are sensitive to multiple human
activities, requiring a multifaceted managementrapgh to ensure their persistence.
Variation in biomass of fish species of medium ‘enébility was not explained
significantly by any of the proximate drivers. drstudy using creel survey (fish landings)
data from the neighbouring country of Papua Newn@ai(where fishing techniques could
be considered broadly comparable), only 34% (31#88pecies in the medium
vulnerability category were recorded in catch rdsqiCinner et al. 2009c) , suggesting that
the majority of medium vulnerability species are tawgeted by fishers. Furthermore, the
medium vulnerability fishes only comprised 13% @BZpecies targeted by Papua New
Guinea fishers. Understanding the functional rolefssh (i.e. the roles of different fish
assemblages in maintaining broader ecosystem amadh this medium vulnerability
category could lend insight into the potential liesce of coral reefs to both habitat

degradation and fishing pressure.

Broadly, the findings suggest that, in Solomonndi market proximity and local human
population density explain the effects of fishingfsh biomass distributions. The strong
relationship observed between human populationityesusd fish biomass supports

previous studies (e.g. Jennings & Polunin 1997;aR#H08; Williams et al. 2008) and the
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Malthusian overpopulation perspective. This siemgious exploration of distal and
proximate drivers showed that the effect of popafatiensity on fish biomass was greatest
through the use of efficient fishing gear. Thisding provides some support for the
‘Malthusian overfishing’ concept, whereby growirmg&l human populations overexploit
resources, and use more efficient technologiesaiotain exploitation levels, which can
ultimately lead to resource collapse (Pauly 1988ywever, consistent with other detailed
studies in the region (e.g. Cinner & McClanahan®0this study also shows that market
proximity can have an equal or greater effect, Wisigpports the market expansion

perspective.

Market proximity best explained the biomass of tozef fish in Solomon Islands.
Market-driven investment in technology to improvefgability has previously been
observed in the Solomon Islands reef fishery (Sab& Foale 2006; Brewer et al. 2009).
Increased market access, through road construttaanbeen shown elsewhere to increase
fish sales to non-local buyers, and increase thersity of marine products sold at markets
(Schmitt & Kramer 2010). More broadly, the imporda of market proximity in

explaining resource state highlights a key futdrallenge for conservation initiatives in the
face of increased trade in diminishing natural veses, particularly with increasing
globalization that could make social-ecologicaltegss more open to trade and migration
(Wallerstein 1976; Berkes et al. 2006; Kramer eR@09).
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Photo 2A.4 The fish section in the Honiara fish market. Onybdigys, when many of the provincial ships are
in port there can be in excess of 30 esky’s coimgiroughly 150kilograms of fish. The high pricegtse
central market mean fishers and traders are dreamn &cross much of Solomon Islands to sell thditlca
Previous research (Brewer et al. 2009) has shoevsignificant negative relationship between theagise to

this particular market and reef fish biomass.

Modernization was not significantly correlated wiikhing using basic or efficient gear, or
coral cover. Therefore, the level of modernizativas not related to the state of coral reef
fisheries in Solomon Islands through any of théwpatys hypothesized in this study. One
plausible explanation is that our study was coretliciver a limited modernization gradient
within a single country that is at the lower endred development spectrum (United

Nations Development Programme 2009).

The application of structural equation modelinghis study allowed exploration of how
distal drivers explain relationships between pratendrivers and resources. Distal drivers,

and particularly population density and market jproty, explained the effect of fishing on
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resources. However, responses varied greatly dapgon the path between distal driver
and fish biomass. Broadly, these results sugbestistal drivers do affect local patterns

of resource exploitation, so need to be considerélde development of resource
management strategies, but the results also irdibat the responses of resource state can
be both complex and variable. The results sugbassuccessful reef fishery management
initiatives will require multiple strategies thatciude local-level conservation efforts such
as locally managed protected areas (Aswani & La066), gear restrictions (McClanahan
& Cinner 2008; McClanahan 2010), and improved goaace of markets across all levels

of institutions involved in the trade of reef fish.

58



CHAPTER 2B: SOCIAL DETERMINANTS OF THE
DIVERSITY AND FUNCTION OF CORAL REEF FISH
ASSEMBLAGES?

ABSTRACT

There is overwhelming evidence that many locallléuenan activities (e.g. fishing) have a
deleterious effect on coral reef fish assemblagas: understanding of how broad social
phenomena (e.g. modernization) affect the diveesity function of coral reef fish
assemblages however, is still poor. Here, strateguation models are used to reveal how
human population density, modernization, and mapkeximity affect fishing pressure and
coral cover to, in turn, explain the diversity dndmass of key functional groups of reef
fish assemblages within Solomon Islands. Fishiegsure is predominantly driven by

both market proximity and local population densétgd has a clear negative effect on the
diversity and function of coral reef fishes. Tlesg positive effect of market proximity

on fishing pressure makes clear the importancendérstanding social-ecological linkages
in the context of increasingly connected societi€Bis study highlights the need to address
broad social phenomena rather than focusing onipedr threats such as fishing pressure,
to ensure the continued flow of coral reef goods services in this time of rapid global
social and environmental change.

2Brewer, T.D., Cinner, J.E., Green, A., Fisher, R., Wilson, SL2Market access, population density, and
socioeconomic development explain diversity anatimmal group biomass of coral reef fish assemidage
Global Environmental Change 22: 399-406
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2B.1INTRODUCTION

There is overwhelming evidence that human actwitiee profoundly altering marine
ecosystems on a global scale (e.g. Hughes 1994oRaet al. 2003). Of particular
concern are the poorly understood, yet potentdifigstrous environmental changes that
human activity is causing to the functioning ofalaeef ecosystems upon which millions
of people depend (Mora et al. 2011). Ecosystermtion is conceptually and analytically
complex, requiring a diverse array of metrics tdenstand ecosystem response to human
activity. High biological diversity is thought tmntribute to maintaining ecosystem
resilience (e.g. McCann 2000; Cardinale et al. 20Wéan et al. 2006) through increased
response diversity to perturbations and functioedundancy (Naeem 1998; Chapin 11l et
al. 2000; Hooper et al. 2005; but see Ilves & Carye2007; Maestre et al. 2012), assuming
that species respond to threats uniquely. Thetlidrersity metrics as surrogates for
ecosystem function however, does not come withotitism. There is, for example, some
evidence that particular species (Bellwood et @03 Bellwood et al. 2006; Hoey &
Bellwood 2009), and functional groups (e.g. Hugétesal. 2007) perform
disproportionately important functional roles, agtas energy conduits through trophic
levels and maintaining broader ecosystem procesHssefore, it is important to consider
measures of both diversity and functional groupsriderstand how ecosystems may

respond to human activities.

Coral reef fishes are vital to ecosystem functang provide significant goods and services
to people. A range of factors has been identéigdmportant drivers of the diversity,
biomass, and abundance of reef fish functional ggolAt large biogeographic scales,
distributions of diversity and function can be eipkd by environmental factors, including
available habitat, latitude-longitude gradientg, thid-domain effect, gyre influence,

history of environmental stress, and larval subsidsn species-rich regions (Bellwood &
Hughes 2001; Connolly et al. 2003; Mora et al. 2@sIwood et al. 2005; Mora &
Robertson 2005; McClanahan et al. 2011b). At lacal national social-political scales,

various environmental and social factors have hsexa to explain fish diversity and
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biomass of functional groups. Environmental fagtioclude depth, exposure to prevailing
weather, season, reef zone, coral cover, substrgtsity, habitat complexity, and larval
dispersal (Luckhurst & Luckhurst 1978; Molles J78; Bell & Galzin 1984; Roberts &
Ormond 1987; Friedlander & Parrish 1998; Friedlaredeal. 2003; Gratwicke & Speight
2005; Jones et al. 2005; Graham et al. 2006) (T2Bl2). In contrast to the depth of work
assessing environmental drivers of fish diversitgt function, assessments of the
potentially important role that human activity migtave in shaping ecological
assemblages have focused largely on human populdiasity (Jennings et al. 1995;
Jennings & Polunin 1996, 1997; Bellwood et al. 2dD3lvy et al. 2004a; Dulvy et al.
2004b; Mora 2008; Williams et al. 2008; Stallin@¥2; Williams et al. 2011) and fishing
pressure (DeMartini et al. 2008; Wilson et al. 2008owever, recent research has
highlighted the potentially important role of facdsuch as market proximity and
modernization (including for example, affluencelambanization) in explaining functional
group distributions (Brewer et al. 2009; Cinneale2009b; Stallings 2009; Aswani &
Sabetian 2010). What is not clear, however, is hasket proximity and modernization
affect fish species diversity, and whether markekimity and modernization have an
effect on fish diversity and function beyond wheaekplained by human population
density. This paper aims to contribute to thigaesh gap by examining relationships

between social drivers and the diversity and fuamctf reef fish communities.
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Table 2B.1 Key environmental and human factors that explaisitin coral reef fish diversity and functional

group distributions at biogeographic scales relet@this study.

Explains diversity Explains functional Controlled for in
Factor measur es® group biomass® thisstudy?
Environmental
Depth 1,2, 8. 1, 3. g
Exposure 4. 11, 12. S
Time 5. - S
Reef zone 1. 1, 13. S
% Coral cover 6, 7. 1,3,7. M
Habitat complexity 4,8,09. 9, 14. fx
Habitat rugosity 1, 4, 10. 1, 15. *
Human
Proximatedrivers
Fish consumption - 14. M
Fishing pressure 16. 16, 19, 20. M
Distal drivers
Population density 17, 18. 15, 17, 18, 21-26. M
Affluence - 15, 18 M
Urban development - 24, 27. M
Market proximity - 28. M

& references relate to any measure of diversity (&lgness, evenness)

® references relate to any functional group abunelandiomass measure (e.g. herbivore biomass)

¢ Supporting references:

1. Friedlander and Parrish (1998), 2. Roberts amdo®d (1987), 3. Ohman and Rajasuriya (1998), 4.
Friedlander et al. (2003), 5. Molles Jr. (1978)B6ll and Galzin (1984), 7. Wilson et al. (2006)@atwicke
and Speight (2005), 9. Graham et al. (2006), 1@khurst and Luckhurst (1978), 11. Fulton and Betidio
(2005), 12. Floeter et al. (2007), 13. Russ (2008) Wilson et al. (2008), 15. Cinner et al. (20096.
Jennings et al. (1995), 17. Jennings and Poludifq), 18. Stallings (2009), 19. DeMartini et al0@3), 20.
Jennings and Polunin (1996), 21. Bellwood et &0@), 22. Dulvy et al. (2004a), 23. Dulvy et alufly et
al. 2004b), 24. Mora (2008), 25. Williams et alD12), 26. Williams et al. (2008), 27. Aswani and&zan
(2010), 28. Brewer et al. (2009).

References include only those that show, statiltijdhe effect of the factors listed, on measwésoral reef
fish diversity or function.

4 controlled during sampling

€ controlled in model

"+ correlated with coral cover (Graham et al. 2008)

9 also measured as number of ‘holes’ and hole velafieef substrate (Friedlander & Parrish 1998).
"not significantly correlated
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Social scientists working on social-ecological ratgions often differentiate between
proximate (e.g. fishing pressure) and distal (earket proximity, modernization, and
human population density) drivers of environmentgradation (Forester & Machlis 1996;
Agrawal & Yadama 1997, Geist & Lambin 2002; Kraneegl. 2009; McKinney et al.
2010). In a coral reef context, there is cleadente that, at the local-level, people directly
affect coral reef fish diversity and function thgbuproximate drivers such as fishing
pressure and habitat degradation (Wilson et al8R0What is less clear, however, is the
role of distal drivers, in shaping these proxindigers and ultimately coral reef fish
diversity and function. For example, increasedsmonomic development (akin to
modernization) does not directly affect fish divigrand function, but might intensify local
fishing pressure through greater access to moi@ezft fishing gear, which might, in turn,
decrease diversity and function of coral reef figliternatively, increased socioeconomic
development might reduce dependence on local ressuor enable improved resource
management practices, resulting in increased figrslty and function (Cinner et al.
2009b).

Here, | explore the linkages between three recegdnisstal drivers (population density,
modernization and market proximity), two proximdtesers (fishing pressure and coral
cover), and a range of metrics of fish diversitg &mnction. Similarly to chapter 2A,
structural equation models are used to understamnddaquential effects of distal drivers on
proximate drivers, and proximate drivers on divgrand function metrics across 25 sites

in Solomon Islands.

2B.2METHODS

2B.2.1SITE SELECTION AND DELINEATION

The 25 sites used in this chapter are the samseakin chapter 2A (Figure 2A.1). The
only variation in the social and economic datdnat tbasic gear fishing’ was not included

here because it was found to have limited effethémodels in chapter 2A.
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2B.2.2ECOLOGICAL RESPONSEVARIABLES

Fish species used in this study included all fisheseyed across the same 25 sites used in
chapter 2A (Appendix 4). Four metrics of specie®igity were used to test the effect of
proximate and distal drivers on fish diversity;species richness, 2) Pielou’s species
evenness, 3) average taxonomic distinctness (Avaiy,4) variation in taxonomic
distinctness (VarTD). Species evenness warramestigation as it considers the relative
abundance of species and can have important eeasyamifications well before species
become locally extinct (Chapin Ill et al. 2008V TD is a measure of the average distance
between all pairs of species in a taxonomic trdeckvcaptures phenotypic differences and
functional richness (Clarke & Warwick 1999; Rogetsl. 1999). VarTD is the variance

of the path lengths between every pair of speciestaxonomic tree, and represents the
unevenness of the taxonomic tree (Clarke & Wang@®1). Taxonomic hierarchy levels
used to measure AvTD and VarTD were Class, Ordamilly, Genus and Species. Path

lengths between taxonomic levels were equally weih

Total biomass estimates were derived for two kexftional groups: piscivores and
herbivores. Piscivores were classified as fishag based on gut content analyses (Froese
& Pauly 2011) predominantly consume fishes. P@@s can inhibit increase in abundance
of lower trophic level species through predatoryprgeraction (Jennings et al. 1995;
Graham et al. 2003), and are particularly senstovieshing pressure (e.g. Jennings &
Polunin 1997; DeMartini et al. 2008; Sandin e28l08). Herbivores were classified as
those species that predominately feed on largbylekyjae or the epilithic algal matrix
(censuWilson & Bellwood 1997). This includes fislat remove part of the reef by
scraping or excavating the substratum, and grdkatsnainly ingest flamentous algae
(censu Choat et al. 2002). Herbivores are thotgyplay a critical role in the resilience of
coral reef ecosystems by preventing algal overdrdtét can smother corals (Mumby
2006; Hughes et al. 2007; Green & Bellwood 20@scivore and herbivore species were
divided into target and non-target species to &rréxplore the effect of fishing on these

functional groups. The list of target and non-¢drgpecies was constructed using expert

64



opinion of Solomon Islands target species (Gree. &006), and creel survey data from
adjacent Papua New Guinea (Cinner et al. 2009cpé€Agdix 4).

2B.2.3PROXIMATE DRIVERS

We measured two proximate drivers previously shtwe related to fish diversity and
function: 1) coral cover, and 2) fishing pressu@aral cover here is the same variable used
in chapter 2A. Fishing pressure here is the samahla as ‘efficient gear fishing’ used in
chapter 2A. As stated above, ‘basic gear fishiag'a proximate driver, has been omitted
because it had limited effect on the ecologicgboese variables (biomass in vulnerability
categories) used in chapter 2A.

2B.2.4DiSTAL DRIVERS

This chapter used the same distal driver variablaswere used in chapter 2A; human
population density (Malthusian overpopulation), mdzation (modernization), and
market proximity (market expansion). The distavelrs were measured by the same

method among the same 25 sites, and are therelfleméaal.

2B.2.5MoDEL CONSTRUCTION

As with chapter 2A, this chapter used partial lsggtares regression, in the program Warp
PLS, to build structural equation models (SEMsthefgeneral form: distal drivers
proximate drivers— ecological response to analyse the data. Diathpaoximate drivers
remained consistent across models with only théogamal response changing between
models (Figure 2B.1a). All distal drivers (markebximity, modernization and population
density) were linked to the two proximate drivdrshing pressure and coral cover), except
market access to coral cover as there was no tiedrestification for this link. Both
proximate drivers were linked to the ecologicap@sse variable in all models. This

resulted in uniqgue models for each ecological resppspecies richness, Pielou’s evenness,
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AVTD, VarTD, total herbivore biomass, non-targetdieore biomass, total piscivore
biomass, and non-target piscivore biomass. Afapter 2A, the output generated
included individual standardized path coefficieffis partial model fit scores?), overall
modelp values calculated through resampling estimationpleal with Bonferroni-like
corrections (Kock 2010), and individual explanatang responsk, yplots (Appendix 5).
The total effect of distal drivers (market proxiyitnodernization and population density)
were calculated by multiplying the standardizedffedents (3) within each pathway then

summing these values for pathways associated ath driver.

2B.3RESULTS

2B.3.1EFFECTS OF PROXIMATE DRIVERS ONFISH FUNCTION AND DIVERSITY

Fishing pressure had a clear negative effect om fisit diversity and the biomass of key
functional groups of fish. Specifically, fishinggssure correlated negatively with species
richness, and AvTD, and positively with speciesmmess (Figure 2B.1b-d). Fishing
pressure however, did not noticeably affect Varividh only a small decrease in VarTD
associated with increased fishing pressure (FigBrée). Also, fishing pressure had a
clear negative effect on both all piscivore anchallbivore biomass, yet non-target biomass
of the two functional groups was negligibly affettey fishing pressure (Figure 2B.f-i).
Coral cover generally had a smaller effect on dilgrand functional group metrics than
fishing pressure (Figure 2B.1b-i); Coral cover asitively related to richness, AvTD,
VarTD and non-target piscivores. Coral cover wesngly negatively correlated with

species evenness and all herbivore biomass (FRRide, g).
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Fig. 2B.1 Structural equation modeling results (SEM) show@iggeneral model used including distal and
proximate drivers and (b-i) the total effect sidetermined by multiplication df coefficients along each
distinct path, prior to summing of distinct patb$}the different distal and proximate drivers fach of the
ecological response variables. The effect of elistal driver, on each ecological response varjdble
categorized by proximate drivers to show the pesiéind negative effect of each path. In (a) vahugacent
to arrows are bet®) coefficients for relationship between respectiatal and proximate driver, and values
above proximate driver boxes afevalues. In (b-i)7values are variance explained by fishing presance
coral cover, ang is the likelihood of the model fit occurring byanice based on resampling estimates

coupled with Bonferroni-like corrections (Kock 2910
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2B.3.2EFFECTS OF DISTAL DRIVERS ONFISH FUNCTION AND DIVERSITY

Distal drivers explained much of the variance shiing pressure {& 0.73), particularly
market proximity and population density (Figure 28. Population density and
modernization were, however, comparatively poocdpsors of coral cover {r= 0.24).
Modernization had a weak negative effect on fislgrgssure and on coral cover, thus had
both positive and negative effects on fish divgraitd function, except for all herbivore
biomass which was positively affected by modermathrough both decreased fishing
pressure and decreased coral cover. Populatisitdéiad a negative effect on all
herbivore biomass through increased fishing pressurd a positive, but weaker, effect on
all herbivore biomass through decreased coral coMarket proximity and population
density, more than modernization, explained deegkdssersity and function of coral reef
fish (Figure 2B.1b-i). The strong indirect effeétmarket proximity on diversity and
function was particularly noteworthy because thelelepecified that market proximity
indirectly affected function and diversity only slugh fishing pressure, rather than through

both fishing pressure and coral cover (Figure 2B.1a

2B.4DISCUSSION

In this sub-chapter | explored how habitat andadeictors explain spatial variability in

the diversity and functional group biomass of coealf fishes at 25 sites across Solomon
Islands. Results indicate that population deresity market access increase fishing
pressure, which is a major driver of fish diversityd functional group biomass. These
distal social drivers have a negative effect onbiloenass of piscivores and herbivores
targeted by fishers. Moreover the relative abundant species becomes more even, whilst
species richness and AvTD decline as populatiositdeimcreases and markets become

more accessible.
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2B.4.1EXPLAINING THE EFFECTS OF PROXIMATE DRIVERS ONFISH FUNCTION AND
DIVERSITY

A decline in taxonomic distinctness is often asst@d with a decline in functional diversity
(Rogers et al. 1999; Chapin Il et al. 2000; Nystrét al. 2000). This is supported here by
the finding that fishing pressure had a negatifeceébn average taxonomic distinctness
and the biomass of two important functional grouyeshpivores and piscivores.
Conversely, there was negligible effect of fishargnon-target species from these
functional groups. Thus, the direct effect of fighis likely to be confined largely to those
species and functional groups that are targetdisbgrs. A decrease in diversity, and
increased evenness with increased fishing pressugét relate to removal of relatively

rare large bodied predators, which are often tachby fishers (Pauly et al. 1998).

Target species on coral reefs tend to be largesda@ulvy et al. 2004b; Graham et al.
2005), while many of the non-target species teraktemall and have close affiliation with
the reef benthos (Munday & Jones 1998). In thidystcoral cover and fishing pressure
had a similar effect on non-target herbivore arsgigore biomass, compared to all
herbivore and all piscivore biomass which was lgrg&plained by fishing pressure alone.
Interestingly, the relationship between non-tatgbivore biomass and coral cover was
negative, possibly because many of these fisharesdlfishes that maintain territories
covered with algae (Ceccarelli 2007) (Appendix @pnversely, biomass of piscivores,
particularly non-targeted species, tended to irsgedth coral cover. This may be because
many smaller bodied non-target predators and firey take refuge among corals. Indeed
a loss of coral and associated structural complean lead to declines in small bodied
prey fish and their medium sized predators (Grabtat. 2007). Functionally, non-target
species are likely to perform a very different rtehe larger bodied species targeted by
fishers. Fishing and habitat degradation mightettoze have different consequences for
both herbivore and piscivore assemblages and tiaifuwnal services associated with these

groups.
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2B.4.2EXPLAINING THE EFFECTS OF DISTAL DRIVERS ON FISH FUNCTION AND DIVERSITY

By disaggregating distal and proximate drivers mnadieling fish assemblage response to
different causal paths of human activity, this gthds shown that social drivers can have
both positive and negative effects on fish commesiand their functional role in
ecosystems. Population density had both positidenegegative effects on all herbivore
biomass through coral cover and fishing pressespactively. The positive effect,
through decreased coral cover, might be explaiyaddreased nutrient levels indirectly
caused by high coastal population densities witlacaess to sewage treatment facilities.
Resultant excess nutrients have been shown toaser@gal growth (e.g. Pastorok &

Bilyard 1985), and consequently increase food atbdity to herbivores.

Modernization had a negative effect on coral cokesulting in marginally reduced species
richness and taxonomic distinctness, and incresigsedes evenness and total herbivore
biomass. Modernization however, had a weak negafifect on fishing pressure, leading
to marginally increased species richness, avemgmomic distinctness, and functional
group biomass. These results are broadly consmsiéinstudies conducted across five
Indian Ocean countries that found a decreasehmfyswith higher levels of modernization
(Cinner et al. 2009b; Cinner & Bodin 2010). In qmarison to the large modernization
spectrum in these multi-nation studies, the reddgiemall effect size of modernization on
fishing pressure presented in this study migheflas suggested in chapter 2A, a small

development gradient in Solomon Islands.

The majority of studies that have explored theatfté human activity on coral reef fish
diversity and function have shown that these astgalzharacteristics are explained by
either fishing pressure (Jennings et al. 1995; idgsr& Polunin 1996; DeMartini et al.
2008) or human population density (Jennings & Pold®97; Bellwood et al. 2003; Dulvy
et al. 2004a; Dulvy et al. 2004b; Mora 2008; Witlis et al. 2008; Stallings 2009; Williams
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et al. 2011) (Table 2B.1). While it is clear thatal human population density and direct
fishing effects are important in explaining ecotdigradients, this study has shown that
trade, measured as market proximity, is also ingmbrtFigure 2B.1). In Solomon Islands
trade likely affects fish diversity and functiorrdlngh small-scale commercial fishing to
supply urban markets, whereas population dengiépliaffects diversity and function
through semi-subsistence based fishing to suppbl lweeds. Trade allows societies to
acquire resources from further afield, externagizemvironmental footprints beyond local
human-environment systems (Arrow et al. 1995; Beiteal. 2006; Shandra et al. 2009).
Resource management and biodiversity conservatibatives must recognize that trade
and local population pressure represent differemes of ecological degradation, and
consequently apply different strategies to additesis effects on ecosystems. For
example, strong governance of markets through isastig harvesting certification, and
market-specific gear and species restrictions, lveilome increasingly important if coral

reef fish continue to be a readily traded commo(itgrkes et al. 2006).

2B.4.3FUTURE MODEL EXTENSIONS

Expansion of the models developed in this papether social-ecological contexts would
help to provide a better understanding of how neaeicosystems will respond to key social
dynamics. However, three key advancements aressageto improve the predictive
capacity of such models. First, analysis of tlgract effects of distal drivers on the
proportionate representation of multiple functiogadups (including higher resolution
herbivore functional groups such as grazers, scsapad excavators) (Wilson & Bellwood
1997) and species might lend further insight it rtole of distal drivers in shaping
ecosystem function (Wilson et al. 2008). Secowndalccover is only one measure of coral
reef habitat and more detailed models includingo#mvironmental and habitat variables
(e.g. Wilson et al. 2008), could shed additiongthiion the relative contribution of distal
drivers on diversity and function, particularly fepecies richness and non-target
assemblages of coral reef fish. Third, temporséssments would be vital to understand

the feedbacks that might exist in this system.
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2B.5CONCLUSION

Management measures which address proximate driaugeh as fishing pressure, typically
have localized effects on diversity and ecosystemetion. Yet, they are limited in their
ability to alleviate the effects of distal sociaivers such as market proximity and
modernization (Birkeland 2004). Therefore, whiteinaging proximate threats represents
an important (if not limited) management approasitd means of increasing local
resilience, governing reefs in a changing world v@tuire becoming better acquainted

with the threats, and potential solutions posetnoader social drivers such as markets and

population growth.
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CHAPTER 3: SOCIAL DETERMINANTS OF CORAL REEF
RESOURCE MANAGEMENT INSTITUTION OCCURRENCE®

ABSTRACT

Resource management institutions are vital for tamsng natural resource exploitation.
There is evidence that a society’s characteristxggain whether or not the society is able
to collectively manage their resources. This stasgessed the effects of key social and
economic characteristics (herein drivers) of reseunanagement institution occurrence
and efficacy; local population size and densityderaization and market access) on a set
of common resource management strategies. Thg stednducted in a Solomon Islands
across> 723 coastal villages adjacent to coral reefsacicordance with current theory, a
medium village population size ef350 presented the highest probability of managémen
institution occurrence. However, population dgnkad an overwhelming negative effect
on the probability of institution occurrence. Bottodernization and the presence of
markets had week positive effects on some managaypes. Broadly, the findings
suggest that, contrary to popular belief, not alhéhant drivers of institution occurrence
erode local resource management institutions, boam population density negates the

positive effect of medium population size, markatesss and modernization.

13Brewer, T.D., Cinner, J.E., Kool, J., Foale, S. Social and entndrivers of natural resource management
institution occurrence. In preparation.
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3.1INTRODUCTION

There is growing concern that humanity does nos@es institutions able to buffer the
negative effects of social and economic changeh(asdiuman population growth and
commoditization of resources) on the earth’s fimiéural resources (Walker et al. 2009).
In developing countries, where much of the worlgdiversity lies, natural resources are
often collectively managed by local communitiest(@® 1990; Donner & Potere 2007).
These local institutions play a significant rolelgglly in maintaining biodiversity, but are
highly vulnerable to the negative effects of somea and economic drivers of change
(Agrawal & Yadama 1997).

An enduring debate exists, on whether instituticers adapt to social and economic drivers
of change. This debate is particularly prominemelation to communities of the Asia-
Pacific region that depend on marine resourcethfar livelihoods. There is extensive
evidence of decreased prevalence, or efficacyadittonal community-based management
institutions with increased social and economicngea(Baines 1989; Ruddle 1993; Cinner
2005; Cinner et al. 2007). In his seminal worlhalines (1978) argues that westernization;
the introduction of money economies, the breakdofunaditional authority, and the
imposition of colonial laws and practice are respble for the demise of traditional
community-based marine resource management inati@d® However, there is also
support for the notion that local management iastihs are adaptive and flexible, which
might enable them to endure social and economiogghéHviding & Baines 1994,

Hviding 1998). For example, in retraction of hesler stance, or perhaps through personal
observation of contextual change, Johannes (20@#ypions the ‘renaissance’ of
community marine resource management institutior@deania in response to

‘westernization’.

Broadly, the aim of this chapter was to determireslikelihood of institution occurrence

across a gradient of social and economic drivechahge. More specifically, this study
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tested a suite of hypotheses relating to the effepbpulation pressure (Malthusian
overpopulation), access to resource markets (maxgnsion), and development and
affluence (modernization) on local-level fisherymagement institutions in Solomon
Islands. First, it has long been asserted thatamupopulation size (number of people with
access to a commons) is likely to affect collecaegon designed to manage common-pool
resources (Olson 1965). Recent theoretical andremipevidence suggests that there is
likely to be an optimal population size to effeelivmanage resources through an
institution; effective institutions are unnecessarysmall populations and cost inhibitive
for larger populations (Agrawal & Golyal 2001). rkher, dissolution of resource
management institutions in communities with largpydations might also be a function of
increased social and cultural heterogeneity cabgetbr example, migration and rapid
population growth (Aswani 2002; Poteete & Ostrord£20 Population size is considered
in this chapter and not in earlier chapters ofth@sis because it has substantial theoretical
relevance to institutions. Second, population dgiisuman population per units of
resource), affects the occurrence and efficacpsiftutions. One hypothesis is that, as with
population size, there is an optimum populationsitgrior collective action (Pender &
Scherr 1999). The logic follows that at low popigia density the demand for collective
action is low because there is an abundance ofireso As population density increases
the resulting resource scarcity induces colleciietion. However, at high population
density the benefits of collective action may beaaighed by incentives for individuals to
‘free-ride’ or transgress institutional rules doaricreased resource scarcity (Gebremedhin
et al. 2003). Therefore, based on current evidesroe would expect to see a non-linear
institutional response to both population size population density. Third,
commoditization of natural resources will lead tiaidure of resource management
institutions. Some empirical evidence exists eflegative effect of market access on
exclusivity of marine tenure in the Indo-Pacifiari@er 2005), yet there is a need to better
understand how access to trade effects partioodat resource management institutions
(Agrawal 2001) that are often embedded within tleine tenure system (Ruddle 1998).
Fourth, with increased modernization, resource mament institutions will fail (Cinner et
al. 2007), to a point, after which they will re-eme as societies can afford and demand

environmental quality, in accordance with enviromtaé Kuznets curve theory (Arrow et
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al. 1995; Cinner et al. 2009b). This theory implilkat an increase in modernization (from
an undefined point) will result in decline of eronmental quality, and yet further

modernization will result in improved environmengaiality.

3.2METHODS

To test these hypotheses this study measuredftt ef the four key social and economic
drivers ; human population size, human populatensity, market access, and
modernization, on a suite of management institstmmmon in artisanal coral reef
fisheries, across a nation. A range of data ssunege used on a minimum of 723 (range
= 723-1123) communities for any single analysispiation size was measured as the
number of people living within each community. Blgpion density was measured as the
number of people living in each community per resewarea (coral reef). Market access
was measured as the presence, or absence, ofmadi&lt within each community.
Modernization was measured as the summed occurcéraceet of 16 infrastructure and
amenity items in each community (Pollnac et al. ®0XComponents of modernization
were also measured using Principal Component’'syaiglon the infrastructure and
amenity items that comprised modernization. Theagament institutions assessed were
temporary spatial closures, species restrictionsfighing gear restrictions (Johannes 1978;

Cinner & Aswani 2007); all measured as presenbseat.

3.2.1DATA SOURCES AND REDUCTION

All communities recorded in the 2007/08 Solomoarsls Village Resource Survey (VRS)
(Solomon Islands Government 2008) were spatiafsremced using the 1999 Population
and Housing Census (PHC) (Solomon Islands Goverhf899) locations, which was
deemed to be more accurate of the two sourcesselvithages that could not be spatially
identified using the PHC or were not spatially l@chwithin the ward (local political
constituency) they were assigned in the VRS, wensidered potential errors, and were

subsequently omitted from the data set. As witptér 2, villages greater than 1 km from
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the coastline were also omitted from the data Setbsequently, spatial boundaries between
communities were measured using thiessen polygbhegssen polygons are generated
such that each community boundary is equidistamh fthe location of each adjacent point
(community) location. This method has been preslipapplied to estimating community
resource use boundaries (Mulller & Zeller 2002)higt this method of associating
resource user groups with resource does not actowuintra- or inter-community resource
use-rights, it was deemed appropriate because dhagement institution questions in this
study relate explicitly to community-level institois. Coral reef area was then overlaid
with population data and thiessen polygons to @esivneasure of coral reef area available
to each community. Communities that did not haw@lcreef area within their thiessen

polygon boundary were omitted from the data set.

3.2.2S0CIAL AND ECONOMIC DRIVERS

Following the data reduction process, human pojaunaize was measured as the total
number of people living in communities within 1 lahthe coast, in each thiessen polygon
that contained coral reef. Data on human populaine was not available from the VRS
so population data and locations were derived fiteerlPHC. Human population density
was measured as the derived human population sizked by coral reef area in each
thiessen polygon. Change in population size betwiee time of the PHC, and the time of
the VRS was corrected for all communities assuram@nnual growth rate of 2.8% (World
World Bank 2012). Modernization was measured astjually weighted summed set of
infrastructure and amenity items derived from tiRS/Table 3.1). Principal Components
Analysis (PCA), using a varimax rotation, was ugederive sub-components of
modernization from the entire set of infrastructanel amenity items. Data on market
access was derived from the VRS, and defined agrdsence, or absence, of a fish market
within each community.
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Table 3.1 Principal components analysis of modernizationaldes. (Kaiser-Meyer-Olkin measure of
sampling adequacy = 0.73; Bartlett’s test of sgiitgri= 2764***). All communities included in PCA (a
975) had responses for all modernization variablasiables with loading of 0.4 are shown in bold, and

represent those variables which contribute mosatth respective component.

Modernization Components

= 52 .8 ;

8 35 38 § § 3

S T8 &E & A P
Primary school 234 0.79 0.06 0.07 0.23 -0.04
Pre-school 30; 072 003 0.13 0.33 -0.07
High school ¢ 067 007 0.04 -0.04 0.10
Clinic 141 057 0.15 0.33 -0.05 0.04
Government offices 4 ,  0.05 0.85 0.07 -0.03 0.06
Postal service 1c 008 081 0.10 -0.04 -0.02
Airport 2o 0.09 068 -0.05 0.03 0.03
Fuel depot 212 011 -0.02 0.78 0.15 0.03
Market 11.¢ 0.18 0.07 0.69 0.02 -0.02
Trade store 365 0.12 0.01 063 031 0.06
Church 63t 023 -0.02 0.07 0.75 -0.07
Village hall 26 0.18 -0.04 0.08 0.67 0.04
Water source 504 -0.15 0.02 026 0.44 0.04
Tourism 11 -0.12 0.08 -0.10 0.18 0.77
Social club og 029 -0.15 0.07 -0.16 0.62
Banking 13 005 025 0.33 -0.06 0.43
Eigenvalue 322 195 137 119 1.04

% variance explained 20.15 12.16 8.56 7.43 6.50

3.2.3RESOURCE MANAGEMENT INSTITUTIONS

Community leaders were surveyed, as part of the, Y& Blentify the presence of
management institutions. Community leaders wefiaelé as a recognized elder or chief,
but might have included other community member& sisscschool teachers, or local

pastors. Community leaders are generally resptenbenforcing marine harvest
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restrictions, particularly in the traditional coxtéHviding 1998). Enumerators were
chosen to survey particular communities becausleenf affiliation with the communities.
Enumerator training was conducted over a three \peekd prior to enumeration. During
the enumeration field period, villages were defiagd large settlement, encompassing
smaller satellite villages within 15 minutes walkidistance. The satellite villages were
likely to include many of the additional communstieecorded in the PHC that were not
recorded in the VRS. The enumerators groupecesattits within a single polity (e.qg.
under the jurisdiction of a single chief) where gibke. Thiessen polygons, as used to
define human populations and coral reef area, cozdpa alternate methods of remotely
defining of defining spatial boundaries, such akaladistance, was deemed more
compatible with the definition used during the VR&meration. The three questions,
used in this study, that pertain to current managemwere intentionally general to capture
the diversity of institutions that exist in Solomistands and broader Melanesia (Cinner &

Aswani 2007). Explicitly the questions asked of teenmunity leaders were:
Does your village have any of the following comntyrfishing regulations?

7. Reef area closed on and off (Yes/No)
8. Particular species restrictions (Yes/No)
9. Fishing gear restrictions (Yes/No)

Data on permanent spatial closures was also eljdig omitted because of possible
misinterpretation. Specifically, it was possitiiat many of the recorded permanent

closures represented sacred sites with no explistiurce management purpose.

3.2.4ANALYSIS

Multicolinearity between the social and economieehs was tested using Spearman’s rank
correlation. The effect of the presence of a maskeeach management institution was
tested using Fisher’s exact test. In addition réhationship between the continuous
predictor variables (population size, populationsiy, modernization) and response

(management institutions) variables was modeledgusicombination of locally weighted
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scatter plot smoothing (lowess) and logistic regjaes Logistic regression evaluates the
probability of occurrence for a binary outcome (g&s/no) in relation to a given
independent variable (Hilbe 2009). Lowess is usguerform locally weighted regression
by passing a sliding window (convolution) over ttega and evaluating the predicted
relationship within its range (Cleveland & Devlif88). A neighboring-point approach
was used to define the scope of the window. Neghf values within 100 points to
either side of the reference value were used tutak the regression relationship. If the
dependent variable value was ‘No Data’, then it waisused in determining the predicted
value. The window size was not adjusted to mak®upalues having ‘No Data’. A
Gaussian scheme was used to weight the pointsgmeited using MATLAB'’s gausswin
function), so that points near the center of tidirgy window would have a proportionally
greater degree of influence than those near thesedigor reference points near the edge of
the data set (i.e. less than 100 points), the maximumber of data points available were
used, and the Gaussian weighting was truncateddingdo the data points that were not
used. The data was bootstrapped 4999 times, maiigiethe observed data (yielding a
total of 5000 curves) and then 5% and 95% confiddingits were calculated using

percentiles, as well as the average trend.

3.3RESULTS ANDDISCUSSION

Average community population size was 170, med@pufation density was 302
people/kn coral reef, 4% (43) of communities had recogniisd farkets, and
communities had an average of 2.75 modernizateangt Of the communities that
responded to the management institution quest&#t4; (389) had temporary spatial
closures, 24% (258) had species restrictions, 86l 215) had gear restrictions. There
was some colinearity between independent varigples0.05) however, correlations were
all less that 0.5rfio value) which was deemed adequately low to retdivaalables;

particularly given their individual theoretical niter
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The occurrence of resource management instituigyms part, dependent on human
population size in Solomon Islands. Populatioe $iad a positive effect on occurrence of
management institutions(Table 3.2), however, &t pigpulation sizex350) the

probability of each; temporary spatial closuregcsgs restrictions, and fishing gear
restrictions occurring, is diminished (Figure 3.1A)he observed curvilinear trend fits
current theory that mediusized populations are more likely to have resontaeagement
institutions. Indeed, the highest probability cimagement institution occurrence was
observed in communities with population size corapka to previously published
optimum population size estimates for forest manmeege in India, measured as frequency
of resource management meetings (Agrawal & Gol9allY; a vastly different social-
ecological context. However, the confidence ires\wncrease notably at population size
beyond the optimum (Figure 3.1A), and thereforeutthbe considered with caution.
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Table 3.2 Effects of social and economic drivers, includimgnponents of modernization, on community-
level management institutions. Numbers in paremth@sdicate the number of communities in each aialy
*p <0.05, * p<0.01, **p < 0.001.

Temporary  Species Fishing gear
closures restrictions restrictions
. . 15.2%** 6.76** 4.5*
Population siz& (1123) (1069) (1059)
. . -21.6%** -30.35%** -21.23%**
Population densify (1123) (1069) (1059)
5.25* 1.01 3.01
Market acceds (802) (785) (778)
o 1.08 5.07* 11.52%**
Modernizatioft (745) (729) (723)
. 1.71 6.02* 4.178*
Health and educatidn (745) (729) (723)
. -2.47 0.152 2.02
Public infrastructufe (745) (729) (723)
. -1.52 3.47 2.29
Economit (745) (729) (723)
Socid 0.56 0.112 6.01*
(745) (729) (723)
. -1.61 -2.82 -1.01
Tourisrf (745) (729) (723)

& Absolute values were log10(x+1) transformed praoperforming binary logistic regression.
® Fisher's exact test.
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Figure 3.1 Effect of (A) human population size, (B) human plagpion density, (C) modernization, and (D)
market access, on the probability of managemetitutisn occurrence (x 95% C.I. for A, B, CX axis has
been clipped where C.I. large and site (villagejuoence infrequent (i.e. a large gap inxtais between
data points). Optimum population size range esénfaj is based on the optimum number of househ@iis
100) (for highest incidence of resource managemem®ttings as a proxy for collective action) preseime
Agrawal & Golyal (2001) multiplied by the mean nuenlof occupants per household (5.3) in Solomon
Islands in 2007 (Solomon Islands Statistics Solotstands Government 2007).
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Population density had a dramatic negative effadhe occurrence of all management
institutions (Table 3.2; Figure 3.1B). Indeed réhis no evidence that institutional
response to increased population density is naafiras shown elsewhere (Gebremedhin
et al. 2003). Melanesian society, of which Solortgdands is a part, is renowned for being
egalitarian (Baines 1989). Consequently, commesitire generally likely to ensure
relatively equal internal distribution of resourcparticularly for subsistence needs, rather
than commercial gain (Hviding and Baines 1994)is therefore plausible that
management institutions are doomed to failure gh fgopulation density areas because of
cultural norms that demand equality of resourcecalion by precluding restrictions on
harvesting; a finding that resonates with the Istagnding tragedy of the commons
perspective (Malthus 1798; Hardin 1968; Pauly 1988)

Management institutions, particularly temporaryscie@s, were more likely to occur in
communities with recognized fish markets (Table Bigure 3.1D). This finding
challenges the theory that commoditization of resesiadversely effects management
institutions (Cinner et al. 2007). However, maskate likely to provide benefits to a select
few (Carrier 1987; Ruddle 1993). Thus, in conttaghe institutional response observed
with increasing population density, it is possithlat restricting exploitation in close
proximity to markets would ensure that those wh@xploit for market sale do not gain
excessive advantage through exploitation (HvidinBa&nes 1994), which would otherwise
result in inequality and social hierarchy. Alteimaly, institutions might have been
established by those exploiting the fishery to mmage commercial gain (Ruttan 1998).
Identifying which proposition is true would requitee identification of who is imposing

and benefiting from the restrictions.

Modernization had a significant positive effectlmoth species restrictions and fishing gear
restrictions, but no clear effect on temporary gtes (Table 3.2). However, mean
probability of the occurrence of all institutionsatined markedly at high levels of

modernizationX 7 infrastructure and amenity items) (Fig 3.1ChisTresult counters
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theory that suggests higher incidence of manageimstitutions at higher levels of
development. However, if one considers the patérdinge of community level
modernization globally, Solomon Islands communiliest the lower end of the
continuum(but see Grossman & Krueger 1995 for amgpte of modernization observed
within a single nation). Thus the range of modeation tested here might represent the
left side of the environmental Kuznets curve. Hoegrebecause the measure of
modernization used in this study is not directlynparable to any previous studies in more
modernized communities dependent on coral reeds Ggnner et al. 2009b) (i.e. does not
use the same variables), it is not possible tolodechat this is the case. In the absence of
a repeatable measure of modernization, (that i€ olistic than, for example, gross
domestic product or the human development indexjllitnot be possible to discern the
level of modernization of any one community to tbany other community outside the

study sample.

The principal components analysis on the 16 modatian items resulted in 5 components
that were classed; health and education, publiastfucture, economic, social, and tourism
(Table 3.1). Each component affected the occuerehcnanagement strategies differently.
Health and education had a statistically signifiqaositive effect on both species
restrictions and gear restrictions, and social mudation had a statistically significant
positive effect on gear restrictions (Table 3.Zhe variables associated with social
modernization; church, village hall and water seuraight engender social capital, which
is likely to promote collective action (Pretty 2003 he reason for health and education
positively affecting institutions is less clearowever, natural resource awareness
programs in schools, if they exist, could concelyafistigate exploitation restrictions.
Importantly, with the exception of the effect olitem modernization on all three
institutions, and public infrastructure moderniaatand economic modernization on
temporary closures, all effects were positive. &@inomic modernization which is often
considered a key factor in environmental Kuznetsetrends did not have a significant
effect on institution occurrence.
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With the exception of human population densitye $bcial and economic drivers tested in
this study have either a positive effect, or nioedr effect, on the probability of institution
occurrence which suggests that institutions ar@tautato social and economic change
(Hviding & Baines 1994; Hviding 1998) in Solomonalisds. Yet, evidence suggests that,
by way of increasing fishing pressure, populatiengity and markets negatively effect,
and modernization has no effect on reef fish stacl&olomon Islands (Brewer et al. 2009;
Aswani & Sabetian 2010; Brewer et al. 2012a). €fee it is possible that despite higher
probability of occurrence in more modernized comities with medium population size
and fish markets, management institutions exigdtabeinot succeeding in stemming

resource decline due to efficacy limitations sushransgression of institutional rules.

3.4LIMITATIONS

This study has tested theory on the effects ofad@acid economic drivers on common-pool
resource management institutions. The findingk bohfirm and challenge commonly
held notions of these relations. However, | sugtieee areas of research that would refine
the general trends identified in this study. Fitis¢ findings are based on occurrence data,
rather than efficacy of management institutionser€ is significant evidence that efficacy
of management institutions for coral reef resoux@@ges from a set of rules that are tightly
adhered to with limited transgression, to whatamamonly referred to as ‘paper parks’, in
the case of spatial closures, which exist on phpenot in practice (Alcorn 1993;

Campbell et al. 2012). Second, historical analy&ald complement the spatial
comparison used in this study by, for example,rd@téng whether long enduring
institutions are adapting to, or failing becauseltinge, or contemporary institutions are
emerging because of change (Ruddle 1998). Thiashagement institutions governing the
exploitation of marine resources occur across iplellevels on the social-political scale in
Solomon Islands ranging from national legislatioonlsas species bans to unwritten user-
rights based on historical genealogies. Commuitis used in this study, are only one

level at which marine resources are used and gedamSolomon Islands.
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3.5CONCLUSIONS

This study tested a suite of recognised socialemaetiomic drivers of collective action for
managing common-pool resources. The findings supipe hypothesis that, locally,
community-level resource management institutioessarviving and adapting to social and
economic change including modernization and comtizadiion of resources by way of
access to markets (Hviding & Baines 1994; HvidiBg8). The findings also support the
theory of optimum population size (Agrawal & Goly401), and challenges the theory
that resource commoditization, by way of markeeasg can inhibit collective action to
manage common-property resources. Importantly givew the over-riding negative effect
of population density cannot be over-emphasizednamst be better understood to prevent
failure of common-property institutions, particdjein places of high and rapidly
increasing population density.
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CHAPTER 4: FISHER AND MIDDLEMEN PERCEPTIONS OF
CORAL REEF FISH DECLINE AND INCREASE"

ABSTRACT

Understanding resource stakeholders’ perceptionssofurce condition and management is
vital to the formulation of efficacious managempalicy to sustain natural systems
because agreement among stakeholders is likegstdtrin more effective outcomes.
Understanding perceptions is particularly imporiarthe context of coral reefs because
threats are often diverse and management optiensusmerous, and therefore perceptions
are likely to be diverse. This chapter identified dominant discourses of reef fish
decline, and increase, among 119 fishers andrigtets (herein middlemen) in Solomon
Islands, and compared these discourses to cueiemntisic knowledge (earlier work and
chapters’ 2 and 3 of this thesis). Discourses ega explored for dominant themes that
might improve understanding of resource user péieR The findings suggest that
certain fisher and middlemen discourses align wiilentific understanding of the causal
links between human activity and fish stock dedjrend that many of the elicited
management strategies are aligned with currenhtsftterecommendations. A theme that
emerged across the fisher and middlemen discoofdesh decline was a dichotomy in
perception between fishing for economic affluence ishing for subsistence and
economic survival. A theme that emerged acrosdises of fish increase was a
dichotomy between support for command-and-conpplt@aches and support for
community-based approaches to managemBiiterences between some fisher and
middlemen discourses were explained by the locatiavhich interviews were conducted
suggesting consensual perceptions achieved thloaghknowledge networks. Similarity
between scientific understanding and local peroagtsuggests that local resource users
are aware of, and might support fishery managestestiegies based on scientific
evidence. Such strategies must consider factats a&silocation because resource user

4 Brewer, T.D. 2013. Dominant discourses, among fishers and mideh, of the factors affecting coral reef
fish distributions in Solomon Islands. Marine Pgli87; 245-253.
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perceptions differ between locations and becauseg rtieeats to the fishery and preferred

management strategies are likely to be contextifspec
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4.1INTRODUCTION

Coral reef fish stocks, as with so many naturabueses, are declining globally (Hughes
1994; Pandolfi et al. 2003). The causes of res#f fiecline are diverse, including, but not
limited to, fishing pressure, destructive fishihgbitat degradation due to destructive
fishing and pollution, and coral bleaching (Russl&ala 1989; Grigg 1994; Graham et al.
2006; Graham et al. 2007). As with the causesolinke, there are also a diverse range of
approaches prescribed for sustaining and incre&siraj reef resources, ranging from
designation of areas that exclude extractive dwsjispecies restrictions, fishing gear
restrictions to reef restoration and reductionarbon dioxide emissions (Hoegh-Guldberg
1999; McClanahan & Mangi 2004; McClanahan et aD6)0

Faced with diverse threats and management presoigat is likely that different
stakeholders (e.g., resource users, governmeistists, and third parties including non-
government organizations (NGOs)), with differen¢agdas and mental models, will have
different perceptions on appropriate courses abador increasing fish stocks. For
example, ecologists might support measures thattaiaikey species to ensure ecosystem
function, environmental NGOs might aim for maximigibiodiversity by, for example,
establishing no take areas, whilst resource usemnare likely to focus on measures that
ensure livelihoods to meet immediate food secur@gds and aspirations of economic
affluence. Strategies to limit and reverse curtegéctories of decline might be more
likely to succeed when stakeholders are in agreeofdyoth the causes of decline, and the
means of slowing and ultimately reversing the dhec(iGrimble & Wellard 1997; Brown et
al. 2001; Pomeroy & Douvere 2008). In the abs@i@greement it is likely that
management measures desired by different stakekoldé attract resistance from other
stakeholders, potentially resulting in inefficieegi conflict, and failure to improve the state
of resources (human-induced climate change is &pokild example of this

phenomenon).
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It has been argued that there are significantrdiffees in understanding, between scientists
and local people, on factors that affect coral fiséf populations in Melanesia and the
broader Pacific (Bulmer 1982; Polunin 1984, Carti@87; Foale 1998) . This difference is
particularly relevant to natural resource expl@tatvherein traditional knowledge asserts
that, for example, the spiritual realm affects tese abundance (Bulmer 1982; Carrier
1987; Foale 2005). A more specific example obskataVest Ngella in Solomon Islands

is that locals perceive that trochus (a specigarbfan snail with market value) reside in
deep water, and migrate to shallow water to repleharvested stocks (Foale 1998). There
Is no scientific evidence to support this percapt®uch traditional dogma, according to
scientific ‘western’ understanding, could lead tiaglistic relationship between people and
resources as exploitation pressure intensifiesI¢F2@06) because there is a belief that no
matter how much exploitation occurs, the resouritleadways recover. This apparent
difference in understanding of both natural systeand the effect of human agency on
natural systems, has long been acknowledged byn@smanagement and conservation
scientists and practitioners throughout the regg@mevidenced by Bob Johannes’ (1978,
p349.) observation 33 years ago in relation to Gieesocieties:

“Understanding a conservation system means unadelianot only the nature of what is
being conserved, but also the viewpoint of the eores. Knowledge of this second element
is essential if we are to comprehend a systemsofuree management employed by a people

whose perception of their environment differs froom own.”

Traditional knowledge and scientific knowledge, lewer, are not necessarily
incommensurable (Foale 2006). In fact, traditicg@dlogical knowledge is frequently used
to complement scientific knowledge in inshore fisé® management in the region (e.qg.
Foale 1998; Aswani & Hamilton 2004; Aswani & La06; Cinner & Aswani 2007;
Hamilton et al. 2012), and has been advocatedpasnary means of fisheries management
(Johannes 1998; Johannes et al. 2000). Such kdg&ltelates to, but is not limited to,
fish spawning aggregation locations and timingseaal variability in fish abundance and
spatial distributions of fish and habitat. It Isagenerally accepted that Melanesian fishers
recognize that increased fishing pressure can tdefi¢d stocks (Foale et al. 2010).
Therefore, there is a wealth of local knowledgetendistribution of fished species in
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space and time, yet there has been relativelg ligbearch into local causal explanations for
these patterns (but see Carrier 1987; Lieber 1984le 1998; Foale et al. 2010). If,
therefore, the perceived causes of declining fisbks and of management intervention
differ between scientists and local resource uens there is limited scope for efficacious
fishery management derived from scientific evide(@abetian & Foale 2006; Brewer et al.
2009; Aswani & Sabetian 2010; Brewer et al. 2012a).

Solomon Islands, a nation situated within Melandsian appropriate location to explore
this question of differing perceptions for a numbgtreasons. First, there is an extensive
literature discussing traditional ecological knosde (e.g. Hviding & Baines 1994;
Hviding 1996; Foale 1998; Lauer & Aswani 2008).c&ad, there exists scientific
knowledge on the historic (Richards et al. 1994) eontemporary causes of coral reef
resource decline. For example, there is evidemseggest that fishing to supply domestic
markets is significantly reducing coral reef fishcks, and in particular, that larger market
centres are having a pronounced effecinositu biomass (Sabetian & Foale 2006; Brewer
et al. 2009; Aswani & Sabetian 2010). There isteomporary evidence for particular distal
drivers; markets, population density, and modetmunaaffecting both proximate causes of
fish decline (largely market-based fishing), anchagement institutions. In particular,
access to fish markets and local human populagmsity both increase market-based
fishing which, in turn, decreases in-situ fish &&mnction and diversity (Brewer et al.
2012a)(chapter 2B of this thesis). Fish that aleerable to extinction, by fishing,
measured a® situ biomass, are also particularly susceptible to etabased fishing
(Brewer et al. 2012b)(chapter 2A of this thesis)oreover, the occurrence of management
strategies, including species restrictions, gestrictions, and temporary spatial closures
has been explained by presence of fish marketsl knonan population density, and
modernization (chapter 3 of this thesis). Thiglgttepresents an opportunity to test
whether the perceptions of the agents (fisherdiahdraders (herein middlemen) in the
artisanal fishery), who are in-part responsiblefifgin decline as evidenced by previous
studies (Sabetian & Foale 2006; Brewer et al. 2@@9%ani & Sabetian 2010), are aligned

with scientific perceptions.
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As with a number of the scientific assessments;qpeions of both the proximate and distal
factors associated with fishery decline, and tlexipnate and distal factors associated with
increasing fish stocks were elicited. Obtaining distal factors, such as human population
pressure, that might be perceived to be driviny#iets such as over-fishing, or stronger
governance that might be perceived to enable ésttafsbnt of spatial closures, facilitates a
better understanding of the discourses and a brelsi®ission on numerous factors, and
their interaction, that potentially affect fish skodistributions. This approach also enables
a comparison between the current scientific dissmdescribed above, and dominant

discourses of fishers and middlemen involved indtisanal fishery in Solomon Islands.

4 2METHODS

4.2 .1FIELD INTERVIEWS

From September to November 2010, 119 people, inguiishers and middlemen, were
interviewed at six sites across Solomon Islandguféi 4.1; Table 4.1). Dunde is classed as
a provincial sub-station. Auki, Buala, Gizo, angdaghi are provincial capitals. Honiara is
the national capital. All sites are major urbantoes and have significant infrastructure,
including port facilities, medical facilities, amdl sites except Buala and Tulaghi had
functional airstrips during the survey period. &ivhat current evidence suggests that the
artisanal fishery, comprising fishers and middleptexs a significant negative effect on

coral reef fish stocks, interviews focused on sa@stor of society.
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Figure 4.1 Main island chain of Solomon Islands with provindesioted in uppercase, and survey sites

denoted in lower case.

Due to the informal, complex, and frequently diseernature of reef fish marketing in
Solomon Islands, it was necessary to employ melsgimpling strategies. Systematic
sampling, whereby all willing respondents were vieaved within a given time period,
was used at Honiara and Gizo which have geographiuaclear fish markets. Snowball
sampling was used at Dunde and Buala (Photo 4djalthe geographically and socially
dispersed nature of the fish marketing networkso@Baan 1961). It was also necessary to
use snowball sampling at Tulaghi and Auki becaesefishers or middlemen were selling

fish at the respective markets during the sampieripd.

Interviews were conducted in, and adjacent to, mapen-air fish markets in each of the
locations, except Dunde and Buala, which do noetapen air fish markets, but instead
have a number of private middlemen who on-selh&ogeneral public. All interviews were

conducted in Solomon Islands Pijin.
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Specifically, respondents were asked to explaintwiey thought reduced the number of
fish inhabiting coral reefs, and what they thougtild increase the number of fish
inhabiting coral reefs. Respondents were askqulioitly, to divulge their own opinions.
To do so, the phrase ‘ting ting blo iu’ (what ylau think) was verbalized proceeding the

initial question.

-

Photo 4.1 Fera island with Buala township in the backgrou@aptain ‘Jack Sparrow’ (second from left) and
Sonny (far right) fed and housed me, and taughaee about local customs and fishing, including th
sedating effect of eating too much crab. Joe Gelm@gsecond from right) travelled with me and hdlpéth

the research.

Respondents were asked to divulge both proximatedetal factors associated with each
decline and increase of fish stocks. For exanmfterespondent said that ‘overfishing’
reduced the number of fish on the reef, then ttenmrewer probed to identify what the
respondent thought caused overfishing. A resptmi@s might have been ‘the need for
money to help the family buy food’, thus both progite and distal causes of fish decline

were identified. Respondents were not constraioethgle answers for either proximate
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or distal factors. Thus, the model developed is thapter is relatively comparable with

the model presented in chapters 2 and 3 of thsghe

Socio-demographic attributes were obtained fronréspondents using a survey, during
the interviews, to determine whether these atteibabuld explain discourses of perceived
fish decline or increase. Socio-demographic véesmbollected were: site; age; years of
formal education; gender; whether the respondestavaigrant; primarily a middleman or
fisher; head of their household; and whether inctnmm the sale of fish was their primary
household income (Table 4.1). Some perceived saafsesource decline are likely to be
site specific which might be reflected in the diss®s. Likewise, management options for
increasing fish stocks might have greater supgmbmme sites than others, particularly if
the respondents within sites have been exposearticydar management approaches that
they have seen succeed or fail. Older people nniigmtify with longer-term, or chronic,
factors that shape the fish resource, while yowrapfe might identify with short-term, or
pulse, variability in accordance with the shiftingseline syndrome (Pauly 1995). Years of
formal education, including primary school, highgol and tertiary education, is likely to
introduce western worldviews including scientifiodels that emphasize the role of human
agency in resource variability. Gender is a sigaift social division in Melanesia (Knauft
1997). Therefore it is possible that men and woarerlikely to have different life
experience, and consequently hold differing viewsssues such as fisheries degradation
and management. Migrants, defined as respondersnidrated to where they currently
reside at some time after their early childhood,rapre likely to be socially and culturally
marginalized (Cinner 2009). Therefore they miginenless site-specific knowledge, and
therefore perceive ecological variation differeritynon-migrants. Middlemen and fishers
perform different functions within the fishery, aack therefore likely to hold different
perceptions. Fishers might have a more intimd&iomship with the fishn situ, whilst
middlemen are likely to have a better understandirtpe effect of, for example, supply
and demand on fish stocks. Heads of householdsandgenerally men in Solomon
Islands, are responsible for the welfare of theskbold, and might therefore have a greater

awareness of, for example, threats to the vialalitthe fishery. Those whose primary
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source of income is from fish are likely to havBeatent perceptions of resource decline
and, potentially, negative attitudes towards coretesn (Marshall et al. 2010) due to fear

of regulations, and therefore propose factors attean fishing to primarily reduce fish
stocks.

Table 4.1 Distribution of respondent socio-demographic atii@s across study sites.

All Sites  Auki Buala Dunde Gizo Honiara Tulaghi

(119) (20) a7) (35) (16) (18) (13)
Age (mean) 39.39 38.45 40.65 4469 3444 36.83 234.6
Education (mean) 8.39 8.45 8.82 8.34 7.50 9.72 7.08
Fish primary income source (yes) 88 16 12 25 13 13 9
Gender (male) 112 20 17 29 16 17 13
Migrant (yes) 38 6 4 11 6 6 5
Head of household (yes) 102 20 14 28 13 15 12
Middleman / fisherman (middleman) 17 1 2 5 1 8 0
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4.2 .2DATA ANALYSIS

Three sequential analyses were performed on tlze drtst, qualitative responses relating
to perceived causes fish decline and increase eosled to generate quantitative variables.
All perceived proximate and distal factors of figbck decline and increase were identified
for each respondent (n=119) in the form of not&erialuring interviews. Notes were
subsequently categorized to themes that emergeddigg the notes (Glaser & Strauss
1965). Categorizing the qualitative responsesideml/a set of variables for distal and
proximate factors of both decline and increasecoBe, the dominant discourses of each
decline and increase of fish stocks were identifigdoupling perceived proximate factors
with their associated perceived distal factorandpal Components Analysis (PCA), with
varimax rotation, was used on the variable setttegate latent variables (variables that are
inferred from a set of observed variables) thatasgnted different discourses of fish stock
decline and increase, such that all factors affach latent variable, but some factors have
a stronger effect than others and consequentlyibot¢ more to defining the latent
variable. A PCA comprising all proximate and digé&ztors violated the test requirements
of a Kaiser-Meyer-Olkin (KMO) value of 0.5 (Kaiser 1974) for both decrease and
increase of fish stocks. Therefore, to generaaltminant discourses, the PCA included,
using fish decline as an example, the most fredystdted proximate cause of fish decline
and its associated distal causes, followed byéeltersd most stated proximate cause of fish
decline and its associated distal causes, and soaforward step-wise manner, until

KMO measure of sampling adequacy was <0.5. The skttfrom the PCA immediately
preceding the PCA of KMO <0.5 was retained. BYizitig this step-wise procedure, it
was possible to ensure that the more dominant diises were retained, that the results
conform to the analysis requirements, and to retdilgh number of respondents in the
analysis. Third, each of the latent variables ¢eteel by the two PCAs (one each for
decline of fish stocks and increase of fish stock#iich here reflect a dominant discourse,
was then tested against key socio-demographibatts to determine whether dominant

discourses could be explained by respondent atixsbu
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4 3RESULTS

4.3.1FISH DECLINE

A total of 17 unique perceived proximate factorsoggated with fish decline were derived
from the 119 respondents (Table 4.2). Fishingogdfancluding general overharvesting
(39/119) and harvesting with modern fishing geamprised the majority of responses. In
particular, dynamite fishing (28/119), net fishi{8/119), and spear fishing (23/119)
(Photo 4.2) were perceived to decrease fish stobgsamite fishing, in particular, was
highly site specific. Other proximate factors assted with fish decline included
particular forms of habitat degradation. A limiteadmber of respondents stated that fish

behaviour, such as migration, also reduced fistksto

Photo 4.2 A typical catch from a night spearfishing trip imW®ana lagoon, Western Province that | was
fortunate to participate in. The catch includes phead parrotfish (‘Topa’) that were later sold tocal

tourist resort.
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Table 4.2 Proximate causes of fish decline as perceived giyomdents across sites. Values are the
percentage of the sample population that mentigaeticular proximate factors. Columns do not sum to
100% because respondents were not constrainesingla answer. Grey shaded causes are those gt&sne
dominant proximate causes in the PCA.

Total Auki Buala Dunde Gizo Honiara Tulaghi
(1199 (200 (@17 (35) (6) (18 (23)
Fishing effects
General overfishing 39 25 53 43 38 39 38
Net fishing 34 15 18 43 56 50 15
Dynamite fishing 28 50 0 0 0 72 77
Spear fishinb 23 20 6 43 31 11 0
Poison fishing 17 10 0 29 31 6 15
Custom vine fishirfy 9 0 18 20 0 6 0
Efficient gear (general) 5 10 6 9 0 0 0
Line fishing 4 5 6 9 0 0 0
Target spawning aggregations 4 0 0 14 0 0 0
Lamp fishing 2 5 0 0 0 6 0
Habitat degradation
Pollutior 12 10 6 17 0 11 23
Mangrove harvest 12 30 41 0 0 6 0
Coral harvedt 11 25 18 6 6 11 0
Stones 1 0 0 0 0 0 8
Fish behaviour
Fish mobility 10 5 29 6 13 6 8
Natural variability 7 0 0 3 31 6 8
Not sure 1 0 6 0 0 0 0

% Net fishing included more precise factors suchets with fine mesh, and mosquito nets used todsarvy
juvenile fish.

Spear fishing includes both trigger mechanism isfiglsing and hand spear fishing, a technique widch
frequently used at night to harvest sleeping fisthsas parrotfish.
Includes a number of locally acquired poisons saghush leaves and vines, and béche-de-mer poison.
4 A traditional method of cooperative fishing, freqily used to harvest fish for ceremonies and conityu
fundraising.
€ Lamp fishing is relatively common in Malaita proge. Fishers use lamps to attract fish.
" Pollution includes sediment and urban waste riiirofn land, and discharge from WWII wrecks and
vessels currently operating.
9 Coral is primarily harvested for the aquarium &ai produce lime for consumption with betel rautgl for
coastal construction.
" Line fishermen commonly use stones as weightgtahgir baited hook to the substrate.
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Forward step-wise inclusion of proximate factorg] associated distal factors resulted in a
PCA that included four proximate factors and eujbtal factors (KMO = 0.501; Bartlett's
Test of Sphericity = 235 <0.05) (Table 4.3). Eighty seven percent (104/1&8pondents
stated at least one of the four proximate factersaasing decline in fish stocks. Here,
each of the five Principal Components (PCs) igenlavariable which represents a
different discourse, with the five discourses eipiay a total of 66% of the variance of
responses from the 104 respondents. Three oPi3&include both proximate and distal
factors associated with fish decline at a factadlog score of 0.3. PCL1 represents a
discourse of ‘net fishing’ and ‘spear fishing’ caddy ‘fishing for immediate economic
gain’ and ‘laziness’, and ‘general overharvest’ catised by ‘fishing for immediate
economic gain’. The second PC, which does notdeklny proximate factors, represents
a dichotomy in discourses between ‘fishing for exurt affluence’, and ‘fishing for
economic survival’ and ‘no alternatives to fishing?C3 represents a dichotomy in
discourse between ‘dynamite fishing’ caused by tdowmwledge of sustainable fishing
techniques’, and ‘spear fishing’ caused by a ‘latklternatives’. PC4 represents a
discourse of ‘dynamite fishing’ caused by ‘fishifog immediate economic gain’, ‘laziness’
and ‘lack of alternatives’, and not with ‘consungptirelated survival’. PC5 represents a
less clear discourse; however, a weak ‘generalhaveesting’ effect (-0.27 loading) is
caused by ‘population growth’ and not by ‘poor kiesdge of sustainable fishing

techniques’.
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Table 4.3 Principal Components Analysis of key proximate dast(P) and associated distal factors (D), for

fish stock decline. Bold values are loadings @.3. Components 1, 3 and 4 contain both proxiraatedistal

factors.

PC1 PC2 PC3 PC4 PC5
General overfishing (P) -0.79 006 0.1C 0.0:  -0.27
Fishing for immediate economic gaiiD) 0.72 0.01 2019 0.35 0.10
Net fishing (P) 071 15 016 -014 -013
Fishing for economic affluen¢D) 0.03 -0.84 0.11 012 022
Fishing for economic surviva(D) 20.04 0.82 0.09 2003  0.09
Dynamite fishing (P) 0.21 0.26 -0.69 042 0.18
No alternatives to fishirigD) 011 o3> 067 035 .,
Spear fishing (P) 0.51 007 0.58 013 001
Fishing for consumption survivalD) 02 00/ 0.0€ -0.75 0.0¢
Lazines5(D) 030 514 o008 951 oo1

Population growth(D) 021 011 -016 000 084
Poor knowledge of sustainable fishing techni§(@@¥ 008 002 -0.40 007 0.55
Eigenvalue 2.35 1.76 1.53 1.18 1.03
% variance explained 19.6 1465 1274 9.87  8.59

# Responses relate to ‘quick’or ‘easy’ money obtdifiem selling fish. For example, some respondents
referred to fishing locations as their ‘bank’ otma (automatic teller machine). Assuming a fishtrig is
successful, and that fish are sold, fishing pravideneans of rapidly obtaining income compareébto,
example, gardening which requires planning andifsigmt work before a return is realized.

® Responses relate to fishing and selling fish e financial wealth.

¢ Responses relate to using income to meet econuemrids such as school fees and basic householdsegpen
such as kerosene and clothing.

4 Responses relate to a lack of opportunities teyribther sources of income which is an ongoingjesige
in Solomon Islands for reasons too complex to gxii@te here.

° Responses relate to, for example, the purchaseepfcommon in areas where people do not haveftamd
gardening, such as around Auki.

"Responses relate to respondents perception thitetlic is absent among artisanal fishers.

9 Responses relate to the perception that incredsingan populations is causing increased fishing.

" Responses relate to the perceived reason why@eseglparticular fishing gears.
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4.3.2FISH INCREASE

Proximate factors perceived to increase fish stoaksot correspond with proximate
factors perceived to decrease fish stocks. Fanpla whilst specific fishing gears were
commonly perceived to be the proximate cause aksiecrease (Table 4.2), the banning
of particular gears was infrequently perceived agans of increasing fish stocks (Table
4.4). Instead spatial closures were the most camsotution proposed for increasing fish
stocks. In particular, strong support was obsefgedpatial closures from respondents in
Dunde and Buala, both of which have protected pregrams which restrict human

activities.

Photo 4.3 The provincial market in Gizo, Western Provincethvibcal fishers selling their catch, primarily

caught by night spearfishing using torches andydjpears.
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Table 4.4 Proximate causes of fish stock increase as pertdiyeespondents across sites. Values are the
percentage of the sample population that mentigaeticular proximate factors. Columns do not sum to
100% because respondents were not constrainesingla answer. Grey shaded causes are those t&sne

dominant proximate causes in the PCA.

Total Auki Buala Dunde Gizo Honiara  Tulaghi

(1199 (20) a7) (35) (16) (18) (23)
Fishing restrictions
Spatial restrictions 63 55 76 80 50 50 46
General spatial restrictfon 46 30 71 54 38 39 38
Spatial restriction for spawnthg 20 25 12 31 13 17 8
Gear restrictions 19 25 0 17 13 28 38
Ban net fishirfg 8 5 0 9 13 11 15
Stop dynamite 8 15 0 0 0 17 31
Ban poison fishirfg 2 0 0 3 6 0 0
Reduce / ban spear fisHing 6 0 0 11 6 0 15
Line fishing only 6 10 0 6 0 6 15
Effort restrictions 15 10 12 14 19 28 8
Size restrictions 13 15 24 14 6 6 8
Species Restrictions 1 0 0 3 0 0 0
Habitat management
Ban habitat harvest 6 20 6 0 6 6 0
Stop land-based pollutidn 2 5 0 0 0 6 0
Ban sea cucumber harvest 1 5 0 0 0 0 0
Build artificial structure 2 5 0 0 0 0 8
Fish behaviour
Good habitat and food 4 0 6 3 19 0 0
Oceanographic variability 1 0 0 0 0 0 8
Not sure 3 5 6 0 120 0

% Includes both permanent and periodic closuresp@teses were often unspecified.

® Relates primarily to the closure of areas whenwhelre target species aggregate to spawn

¢ Includes the use of nets with small mesh sizeauitioly, in some instances, the use of mosquito nets.
4 Dynamite is largely sourced from WWII ordinanckss an illegal and destructive, but potentiallgly
profitable method of fishing.

€ Includes toxins from terrestrial plants and sezucnbers.

"Spear fishing, particularly at night using torchesarget parrotfish, and other fish that sleepigit, has
become a very popular and efficient means of obitgia substantial catch.

9 Habitat harvest includes mangroves for firewood emnstruction, and coral for construction, lime
production, and the aquarium trade.

_h Includes sediment from logging and urban wasteaffifrom land.

' Primarily at Auki and Buala some respondents peeckean ecological relationship between sea cucusnbe
and reef fish, such that overharvesting sea cuctswaised fish to leave the overharvested location.

105



Forward step-wise inclusion of proximate factorg] associated distal factors resulted in a
PCA that included four proximate factors and eujbtal factors (KMO = 0.507; Bartlett's
Test of Sphericity = 156 <0.05) (Table 4.5). Eighty five percent (101/118) o
respondents stated at least one of the four prdgifiaators as causing increase in fish
stocks. Here, as with dominant discourses ofdestline, each of the six PCs is a latent
variable which represents a different discours# e six PCs explaining a total of 66%
of the variance of responses from the 101 respdadéil PCs explain a relatively equal
portion of the variance, suggesting no definitia¢t@rn or single dominant discourse. Five
of six PCs include both proximate and distal cauddish decline at a factor loading score
of > 0.3. PCL1 represents a dichotomous discourse ongireflecting ‘spatial restrictions’
enabled through community cooperation, and therot#p@esenting ‘effort restrictions’ and
‘size restrictions’ enabled through ‘market regwat PC2 represents a dichotomy
between ‘spatial restrictions’ and ‘gear restricioenabled through ‘bylaws with
penalties’. PC3 represents a dichotomy betweee igstrictions’ enabled through
‘community law and leadership’ and ‘government &@wd enforcement with penalties’, and
‘community cooperation’ and ‘alternatives to fisgin PC4, absent of proximate factors, is
a discourse of compatibility between ‘paid secuatyd ‘bylaw with penalties’ at one end
of the range, and ‘community cooperation’ at theeoend. PC5 is a dichotomy between
‘size restrictions’ enabled through ‘co-managemant ‘bylaws with penalties’, and

‘effort restrictions’. PC6 is a dichotomy betweésize restrictions’ enabled through

‘education and awareness’, and ‘strong communitydad leadership’.

106



Table 4.5 Principal Components Analysis of key proximate dast(P) and associated distal factors (D), for

increasing fish stocks. Bold values are loadings 0f3. Components 1, 2, 3, 5, 6 contain both proténaad

distal factors.

PC1 PC2 PC3 PC4 PC5 PC6
Market regulatiofi(D) 072 544 004 008 024  -0.07
Effort restrictions (P) -0.70 003 -026 003 -041 006
Gear restrictions (P) 0.14 -0.84 0.1¢ 0.0¢ 0.0 -0.07
Spatial restrictions (P) 0.62 0.62 013 -007 0.09 2003
Government law and enforcement with pendlB3 0.04 010 0.77 017 003 0,04
Alternatives including aquaculturg) 008 017 -0.57 029  0.09 0.00
Paid security(D) 020 022 -010 0 12 -005
Community cooperation (‘one mind(p) 0.39 0.04 -0.35 054 001 001
Co-managemeHtD) 000 000 -006 o011 %77 907
Bylaw with penaltie$(D) 0oog 039 o4 050 050 .,
Size restrictions (P) -0.33 0.2¢ 0.39 0.1¢ 044 038
Education and Awareness by government and NGD)s 0.18 0.14 0.11 011  -0.02 0.83
Strong community law and leadership) 0.24 0.21 0.33 013 005 -0.59
Eigenvalue 1.91 1.76 1.49 1.24 1.13 1.08
% variance explained 1472 1351 1146 9.57 8.70 8.28

#Includes numerous strategies focused on contgollie sale of fish.

® Relates to the perceived need for Ministry of Eif#s and Marine Resources to legislate, dissemarad
enforce restrictions.

¢ Relates to the provision of economically viablemadatives to reduce fishing pressure.

¢ Anecdotal evidence suggests that poaching, péatligifrom protected areas, is prolific in somegals.
Previously, there was security for protected aegaand Dunde however the security failed to prevent
poaching.

¢ A number of respondents referred to the needdiee ‘mind’ which, | believe, relates to the need for
communities, and society more broadly, to agremanagement strategies, and act accordingly.
"Relates to cooperation between different levelmafhagement including collaboration between govermme
and communities.

9 Provincial bylaws provide a legally binding foutida for communities to be able to establish reseurse
rules and have them enforced through the respegtosgncial government.

" Natural resource education and awareness is plyneanducted by NGOs in Solomon Islands in
collaboration with various government ministriebeTperceived need for further education and awasene
suggests that some respondents perceived thablaeiowledge is an indirect cause of fish decline.
'Social and cultural change is eroding traditior@ber systems in Solomon Islands communities leattiray
disregard for local resource management rules.
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4.3.3S0CIO-DEMOGRAPHIC ATTRIBUTES

Some socio-demographic attributes exhibited caalitye (Table 4.6). Therefore, to retain
the maximum number of explanatory socio-demogragtirdutes, whilst removing those
that were significantly correlateg € 0.05), education and head of household were ainitte
from further analysis. Only 7 women were intervéelyso gender was also omitted from

further analysis.

Table 4.6 Spearman’s Rank correlations between candidate-slerhographic explanatory variables. Socio-

demographic variables retained for further analgisisoted in bold. *z0.05, **p <0.01, ***p <0.001.

Education (In+1) -0.05

Dependence (Y=1) -0.14 -0.18*

Gender (Male=1) -0.08 0.00 0.02

Migrant (Y=1) -0.04 -0.03 -0.01 -0.13

Head of household (Y=1) 0.26** -0.06 -0.13 0.31*** -0.15

Middleman / fisherman (M =1) 0.11 0.221* -0.17 -0.10 0.13 -0.11
Age(In) Education Dependence Gender Migrant Head of

(In+1) (v=1) (Male=1) (v=1) ?\?gi?mld

A number of the remaining socio-demographic attebiexplain, significantly, some of the
dominant discourses of each fish decline and iseré@able 4.7). Site explained,
significantly, PC2, PC3, and PC5 of fish declindahihrepresent the dichotomies between;
(a) ‘economic affluence’ and ‘economic survivalusad by a ‘lack of alternatives’; (b) use
of ‘dynamite’ caused by ‘poor knowledge of susthaiedishing techniques’, and ‘spear
fishing’ caused by a ‘lack of alternatives’; andl ‘f@oor knowledge of sustainable fishing
techniques’ and ‘general overharvest’ caused bgugation growth’, respectively. No

other socio-demographic attributes explained disszsiof fish decline.

108



Table 4.7 Effect of socio-demographic attributes on the dantrdiscourses (PC’s) of both fish stock decline
and fish stock increase.¥0.05, **p <0.01, ***p <0.001.

Site? Age®  Dependence™®  Middleman®¢  Migrant®'
Fish stock decrease
PC1 1.69 3 -0.66 0.08 0.14
PC 2 5.04%** -0.13 0.24 -0.57 1.26
PC3 8.23%* 0.09 -1.18 -1.54 0.64
PC4 1.83 -0.09 0.77 -1.24 -0.24
PC5 2.38* 0.05 0.59 -1.81 0.83
Fish stock increase
PC1 0.44 0.05 -0.35 -2.1%6* 0.29
PC 2 3.78** 0.06 -0.78 -0.27 -2.09*
PC3 2.2 -0.1 0.65 0.65 1.4
PC 4 4.42%* -0.01 -0.3 0.78 -2.0*
PC5 3.9% 0.09 -0.26 -0.74 0.29
PC 6 1.05 0.15 -0.59 0.33 0.59

@ Analysis of variance (F statistic)

® pearson’s correlation coefficient

¢ Independent sample t-test (t statistic)
4 Fishing as primary occupation = 1

€ Fisher = 0; Middleman =1

" Non-migrant = 0; Migrant = 1

9 Equal variance not assumed

Site also explained PC2, PC4, and PC5 of fish asgevhich represented the dichotomies
between; (a) ‘spatial restrictions’ and ‘gear rie§ons’ enabled through ‘bylaws’; (b)
‘community cooperation’ and ‘paid security’ in cangtion with ‘bylaws with penalties’;

and (c) ‘effort restrictions’ and ‘size restricte®renabled through ‘co-management’ in
conjunction with ‘bylaws with penalties’, respedly. Middlemen were significantly more
likely to be supportive of effort and size resioas enabled through market regulation, and
less likely to support spatial restrictions throuigtreased community cooperation, than
were fishers. Migrants were more likely to be surtige of gear restrictions enabled
through bylaws, and less supportive of spatialuies, than non-migrants. Migrants were
also more likely to be supportive of bylaws in agrgtion with paid security, and less

supportive of community cooperation, as a meansaréasing fish stocks, than non-
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migrants. Respondent age and dependence on fighiagrimary source of income did

not explain, significantly<0.05), any of the discourses of fish stock deatinecrease.

4.4DISCUSSION

4.4 . 1SCIENTIFIC AND LOCAL EXPLANATIONS OF CORAL REEF FISH DISTRIBUTIONS

The perceived causes of fish decline identifiethia study, among artisanal fishers and
middlemen in Solomon Islands, are concordant witergific evidence. | n particular,
respondents most frequently identified fishing, #@adlerivatives including specific gear
types, as the proximate cause of fish decline. pereeived distal factors of overfishing
also have some compatibility with earlier studiest identified population growth, access
to markets, modernization and associated urbaoizas driving increased market-based
fishing pressure (Sabetian & Foale 2006; Brewail.€2009; Aswani & Sabetian 2010).

For example, the perceived distal factors assatiatth efficient gears used for market-
based fishing included fishing for cash income assbciated economic survival, gain and
affluence. This perception aligns with links, itiad in this thesis, between market-based

fishing and access to markets (Brewer et al. 2012a)

The perceived means of increasing fish stocks lageesl with current scientific and
government views on fishery management. Spatsiuces, which are readily advocated
in the literature as a primary fishery managemeol twere perceived by the majority of
respondents to be an efficacious approach to magalge reef fishery. Importantly,
permanent spatial closures are very rare in Solosiands so respondents were likely to
instead be advocating temporary spatial closusesondary to spatial closures,
respondents perceived that gear, effort, and siteictions would increase fish stocks,
which is also aligned with current scientific reaoendations for Melanesia (Cinner &
Aswani 2007; McClanahan & Cinner 2008; Cinner e2809c). Particular gears,
however, were readily perceived to cause fish declet far fewer respondents perceived
that banning specific gears would be an appropneteagement action. Fishers are likely
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to own and possess greater skill with particulstnifig gear, and would therefore consider
the banning of gear that they own or are skilledsaig to be an unfair regulation
compared to spatial restrictions which would, deloeg on their location, restrict all gear

types and be a fairer solution.

Local knowledge can provide important insights, aygparent in broader scientific
assessments, of our effects on resources (Johaf8&sJohannes et al. 2000), and
therefore contribute to broader resource managekmentledge (e.g. Aswani & Hamilton
2004). A number of the distal causes of fish aecin this study relate to fisher
motivations to fish, which are not directly refledtin the previous studies that identified
human population pressure, market access and sooimmic development as distal
drivers of fish decline (Brewer et al. 2012a). 3dééactors include laziness, fishing for
immediate economic gain and poor knowledge of sadée fishing techniques. Improved
understanding of motivations to exploit, at thelscd the individual person, might provide
opportunities for targeting management in a mattmegrindividuals can empathize with

and potentially respond to.

4.4 . 2DOMINANT DISCOURSES

There is no single dominant discourse within thpypation sampled. Proximate factors
are numerous, PCA was not possible for the comphateple, and the derived discourses
including both proximate and distal factors aretipld and complex. This result reflects

the diversity of challenges to the managementstione fisheries in Solomon Islands.

The most pronounced theme across the discourdeshafecline is that of the divide
between what | will term ‘self-interest and affleehon one side, and what | will term
‘poverty and lack of alternatives’ on the other iethreflects a gradient of perceived
inequality. For example, the first discourse (P{SIjolarized into respondents who

perceive fish decline due to the use of moderngeetivated by economic gain and
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laziness, and those who perceive general overha/ée a major cause of fish decline.
The second discourse (PC2) is polarized into fogtfam affluence and fishing for survival
motivated by a lack of alternatives. The fourtbooiurse (PC4) is polarized into those who
perceive that laziness induced destructive fislpiragtices (dynamite) causes fish decline,
and those who perceive fish decline is due to bamisumption survival. This polarity of
perception across multiple discourses might retleetsocial-political transformation
underway in Solomon Islands whereby the increaawaglability of consumer

commodities, facilitated through trade under a cammiomestic currency, is driving
fishers to over-exploit resources for income taiatincreased social status (Ruddle 1993)
and force inequality. However, the perceptionflitiance as a driver of overfishing is
likely to be only perceived rather than real beeah&re was, based on field observations,
little evidence of fishers or middlemen attainingngficant economic affluence from the
fishery. Rather, affluence likely reflects reseatitoward fishers and middlemen who, for
example, have access to more efficient fishing ge&iave exclusive rights to particular

markets, and therefore aspire to, rather thanzesadignificant affluence.

A dominant theme across discourses for fish ineréathat of a gradient from top-down
command-and-control government management to datieeti community management
based on an environmental ethic of resource udgital factors associated with
command-and-control are market regulation, govenrasv and enforcement with
penalties, and bylaws with penalties. Distal fexssociated with decentralized
management are community cooperation, educatiormaageness, and strong community
law and leadership (Table 4.5). There has beenfisignt adverse reaction, in recent years,
to command-and-control fisheries management anducoent advocacy for the devolution
of inshore fisheries management to the level aduese user groups, and for co-
management whereby government and resource usetsmaynamic partnership (e.qg.
Cinner et al. 2012b). Supporting arguments forsté& away from command-and-control
management include the potential for empowermergsgurce users, and increased social-
ecological resilience achieved through a shift figanacea management toward context
dependent management (Holling & Meffe 1996; Knightleffe 1997) that relies more
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heavily on local knowledge. Indeed, while the deay Solomon Islands have always had
control over the exploitation and management aof ti@sources, there is growing support
of resource management by people with user righta hational and provincial
government. For example, the national and proalrgovernments are taking action to
ensure there is legislative support for commuregutations in co-management-like
arrangements, including fisheries management platsexplicitly include community-
based management (Govan et al. 2011), provinclaitsyand forthcoming amendments to

the National Fisheries Act.

It is possible that the support for command-andiobivy some fishers and middlemen is
because respondents perceive that small socidlgablgroups such as clans, which
theoretically control resource use, are impotemnforcing regulations. This potential
impotence might stem from the weakening of traddlananagement authorities such as
village chiefs (Ruddle 1993; Dinnen 2002) and nreeently the church. Therefore, while
command-and-control fisheries management cleasgylihatations, fisheries managers
should not ‘throw the baby out with the bathwaterhat is, some dimensions of
command-and-control management, such as banningpwtation of destructive fishing
gears, might be well received by the fishers andidiemen. Further research, is needed,
that identifies which social-political levels, fromation to resource user groups, are best
suited to formulating and enforcing different ma@agnt approaches (but see Govan et al.
2011).

4.4.3S0CI0O-DEMOGRAPHIC ATTRIBUTES

Respondents within sites have similar perceptiefetive to respondents between sites
across a number of discourses. It is possiblefdtatrs and middlemen, through frequent
within-site dialogue relating to fish stocks, haleveloped some consensual perceptions
(Evans et al. 2011). Cultural consensus has demmrsto relate to marine ecological
knowledge and customary sea tenure in Solomondslé&rant & Miller 2004; Aswani

2005). Therefore it is possible that artisandidis and middlemen have developed a site-
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specific market culture relating to the fisheryluding a shared understanding of causality
of fish stock variability.

Middlemen were more likely than fishers to be suppe of size and effort restrictions
enabled through market regulation, whilst fisheesevmore supportive of spatial
restrictions enabled through community cooperatidhis finding suggests an element of
altruism because such measures would (at leasoramiy) restrict middlemen, requiring
them to adapt their business practices, and fidtezause it would reduce the area from
which they are able to fish. One possible explandbr this result is that both middlemen
and fishers believe that fish stocks are adequdtgtyeted to justify a reduction in potential
income to ensure the long-term viability of théhéisy (Cinner et al. 2009a). However,
there are a diverse set of both forms of altrusna motivations for altruistic behaviour
(Fehr & Flschbacher 2003), which would have touréhier explored to more confidently
explain this finding. Alternatively, the responsegght reflect a dichotomy in knowledge
between fishers and middlemen, whereby fisherbetter acquainted with community

fishing regulations and middlemen are better acgadiwith markets.

4.4. 4L IMITATIONS

The interviews were conducted in major urban cenirieere markets exist because there is
strong evidence that market-based fishing is haainggative effect on reef fish
distributions across Solomon Islands (Brewer e2@D9; Aswani & Sabetian 2010; Brewer
et al. 2012a). Therefore the population samplatlisistudy does not explicitly consider
remote populations where market-based fishingsis peervasive. Remote populations
might have different perceptions and a differestdurse. However, at the time of the
interviews, a number of the respondents were liuinggmote rural areas and travelling to

urban centres to sell their catch.
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It is not possible to infer whether the result$ho$ study represent true fisher and
middlemen perceptions or rhetoric obtained thromfiirmation networks divulged to
please the interviewers. Conservatively assuniiagresponses largely represent rhetoric,
it is possible to conclude that fisher’'s and midaés are informed of the scientific
explanation for fishery decline and managementesjras. The most likely answer,

however, is that the responses represent a conunratboth true perception and rhetoric.

4.5CONCLUSIONS

This chapter has generated two insights that aeettly relevant to the establishment of
marine policy. First, fishers and middlemen inemin market-based fishing in Solomon
Islands generally are aware that fishing pressifieeta fish stocks and that broad social
and economic factors affect fishing pressure. &loee the perceptions of fishers and
middlemen are compatible with the current percestiof scientists, and support the
findings of this thesis. Second, there is a dichot in perceptions for the causes of fish
stock decline and increase. Respondents tendeeft¢eive that fish decline was caused by
either fishing for survival-related reasons or iiighfor reasons of affluence and aspiration
which highlights perceived inequality. Respondeai$® tended to perceive that either
command-and-control or community-based managemeuldwncrease fish stocks.
Further research interrogating these dichotomidstf decline and increase might

contribute to improved management approaches étiiied causes of resource decline.
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CHAPTER 5: GENERAL DISCUSSION AND CONCLUSIONS

In this thesis | have compared the relative médrihe three dominant environmental
sociology perspectives; Malthusian overpopulatioarket expansion, and modernization,
using a novel comparative model that accountsesource exploitation and management,
in a novel social-political context at the locald¢ (chapters 2 and 3). | have also
identified the dominant discourses of local resewrsers regarding the social factors that
affect natural resource conditions (chapter 4)s tinangulating the comparative modeling
(chapters 2 and 3). In doing so, this thesis bagributed to theory of human-environment
interactions and has consequently broadened owrsitathding of the social processes that

explain variability in the state of natural resasc

Discussion and theoretical contributions relatmgdch of the three data chapters (four
papers) is contained within each respective chafiberefore those chapter-specific points
of discussion and theoretical contribution will et repeated here. Instead I: 1) review the
research gaps, show how they have been addressesd ihesis, and highlight how
addressing the research gaps contributes to th2ppyesent a unified narrative of

society’s effects on coral reef fishery resourceSelomon Islands as the broad theoretical
contribution of this thesis, 3) discuss limitatidnghe thesis, and avenues of potential

future research, and 4) draw general conclusions.

5.1REVIEW OF THE RESEARCH GAPS ADDRESSED IN THIS THESISNCLUDING

THEORETICAL CONTRIBUTIONS

The broad aim of this thesis was to determine whit¥fironmental sociology perspective
about society’s effects on natural resources bggams natural resource distributions in
the Solomon Islands. Many scholars have addrabgedim using particular models (i.e.
testable frameworks such as Figure 1.5 in thisshest particular scales (e.g. York et al.

2003a; Hoffmann 2004), and in particular ecologamaitexts. However, there is clear
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evidence that the merit of each of the dominansjpexstives varies across models, scales,
and contexts (Fisher & Freudenburg 2001). Inttmesis, | used a novel model that
incorporates elements of human behaviour (expiloitaeand management institutions), to
test the merit of the perspectives in a novel cdrdaethe local-level. In doing so, this
thesis 1) incorporated elements of behaviour inéonhodel, advancing our understanding
of the social processes that explain the statairal resources; 2) contributed to the
growing quantitative literature for and againstreatthe dominant perspectives by
quantitatively analyzing results in a novel contamtl an important, but understudied
social-political scale; 3) triangulated the findsnderived from the quantitative model with
local perceptions of the drivers of natural resewstate. In doing so, the model was
internally verified. That is, the people withirethontext of this study confirmed the
conclusions drawn from the general model. | prddeereiterating the identified research
gaps and how they were addressed in this thesisyattine the theoretical contributions

derived from doing so.

The first identified research gap was one of ‘leditinderstanding of causal links between
social and ecological systems’. The majority ofigs that compare the relative merit of
each perspective (Malthusian overpopulation, magkpainsion, modernization) examine
the effect of distal drivers on resource statefédl.2) by direct correlation (e.g. York et
al. 2003a; Hoffmann 2004). This thesis advancesdgéneral model by including both
exploitation and management institution variablésiw the model as proximate drivers
that mediate the relations between the distal dsimad resource state variables (Figure
1.5). Inclusion of these proximate drivers addedur understanding of each of the
perspectives by presents the perspectives as argejyprocess, rather than a direct
correlation. For example, in the context of coedfs there is evidence that increased
fishing pressure (proximate driver), unsurprisinggynegatively correlated with in situ fish
assemblages (e.g. biomass) (e.g. Jennings etod; 18nnings & Polunin 1996). There is
also evidence that the distal drivers including keiaccess and population pressure,
explain in situ fish assemblages (Brewer et alQ2@nner et al. 2009b; Cinner et al.

2012b). Yet there is little evidence of the sediadeffects of distal drivers on proximate
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drivers, and proximate drivers on fish assembldéggmucity of evidence that extends to all
ecological systems). One exception is an aforeiomed study by Cinner (2009b) that
found that, across a number of countries in thet#vedndian Ocean, 77% of the variance
of fish biomass was explained by local-level secamomic development concordant with
the environmental Kuznets curve, and populatiorsiigmvas a poorer descriptor of fish
biomass. Further, the study explained the effesboioeconomic development on fish
biomass by a number of mechanisms (equivalentdeiiate drivers) including more
benign fishing gears such as handlines and higtiarisd employment at higher levels of
socioeconomic development. The study by Cinnercatidagues showed that some of the
proposed modernization mechanisms did explain wivyr@nmental conditions are better
at high levels of modernization. This thesis hgsiably advanced on the study by Cinner
et al. by analysing the three identified dominaarspectives within a single system model
(Figure 1.5), showing how distal drivers (as mastd&ons of the three dominant
perspectives) relate key proximate drivers, and érploitation, as a proximate driver,
explains the state of the natural resource. Ingleb, this thesis has built a more complete
social-ecological system model, than earlier ssdi@sed on a firm foundation of

environmental sociology theory.

Inclusion of these proximate drivers, and testhmgrtrelation with distal drivers and

natural resources, has contributed to theory of homan societies affect natural resources.
Specifically, chapter 2 of this thesis shows tira§olomon Islands, both distance to

market (as a manifestation of the market expansespective) and local population
density (as a manifestation of the Malthusian owptation perspective) explained 76% of
the variance of fishing pressure (using efficiesting gear) which, in turn, explains, to
varying degrees, a numberiofsitu fish assemblage parameters including biomass,
biomass of fish that are vulnerable to fishing,cép® diversity, and functional group
biomass. Importantly, their effects representedéht variance explained (i.e. population
density and distance to markets have additive &ffend so both the Malthusian

overpopulation and market expansion perspectives heerit, and therefore attachment to
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any single perspective is likely inappropriate wi@mnulating policy to address issues of
resource scarcity.

Chapter 3 of this thesis showed the effects ohtdivers on the occurrence of resource
management institutions [institutions could notibked to resource state for reasons
outlined in the limitations (section 5.3)]. Thesea significant literature on social and
economic factors that affect the success of regomanagement institutions, particularly
relating to common-property resources (Ostrom 12@@Pawal 2001; Cinner 2005;
Agrawal & Chhatre 2006; Cinner et al. 2007; Ost2007; Cinner et al. 2012b). However,
no studies, that | am aware of, have explicitlyssdared how the dominant perspectives
(measured as manifest variables such as humangtmputiensity as done in this thesis)
explain institutional efficacy or occurrence. Ctea8 shows that, within the scope of the
thesis, population size (as a manifestation of Medtan overpopulation) has an overall
positive effect on the probability of institutiowaurrence, suggesting management
response to declining resources driven by high [adions, which supports optimum
population size theory (Agrawal & Golyal 2001). wkver, human population density had
a strong negative effect on institution occurrestggesting possible failure of institutions
with increased population per available resounas;ch is also supported in fisheries
literature (Pauly 1988). That population size hagubsitive effect on probability of
institution occurrence and population density haegative effect on institution occurrence
will require further investigation. While the mieof the Malthusian overpopulation
perspective, for explaining institutional occurrenis not clear, it is probable that
management is more likely to occur in instancelattively large populations (for the
Solomon Islands) with a large resource base. Disgéipe effect of market presence on
institution occurrence counters market expansiamd, that economic growth and
expansion over-ride environmental concerns (Sclengibt al. 2002). However, it is
possible that the positive effect of market presena institution occurrence might be a
result of resource owners using management institsito exclude non-owners, thus

maximising economic gain (Ruttan 1998). This psipon is likely because the effect of
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markets on management institution occurrence whssignificant for temporary closures

— which might represent a more discrete approachxXduding non-owners.

The second identified research gap was one ofdsgaiitical scale’. There is a distinct
paucity of studies that compare the three perspesctit the local-level on the social-
political scale, yet social-ecological patternsyacross the social-political hierarchy
(individual person to global) (Warren 2005), antdas been acknowledged that there is a
need to understand how the different perspecti¥pkam resources at different social-
political levels (Clausen & York 2008a). All quéative analyses of the three perspectives
have been conducted at the national-level (Yod.2003a; Hoffmann 2004; Clausen &
York 2008b, a; McKinney et al. 2009). National#édata is useful because it shows
general global trends across a broad spectrum démdaation, Malthusian overpopulation
and market expansion. However, it does not alleewise of detailed ecological data that
is more relevant to, for example, ecosystem functieither does it allow the inclusion of
detailed exploitation and management institutibmisspecific resource types, as used in
this thesis. Further, in a peripheral nation cehtesources are often only managed at the
local-level. Analysis at the local-level in thigesis has overcome these limitations
showing variation in ecological responses to défersocial factors (chapter 2). As a result
this thesis has shown strongest support, at tla-lecel, for both the Malthusian
overpopulation and market expansion perspectivessut that is broadly aligned with the
national-level analyses. However, given the defgrmodel used in this thesis (research
gap 1) and the geo-political context (research)apis not possible to draw direct

comparison between this thesis and the nation-kuelies.

The third identified research gap was one of ‘gelitipal context’. Studies that compare
and contrast all three perspectives tend to foausiadernized and affluent nations and
societies (e.g. Schnaiberg 1980; Grossman & Krugg85; Mol 1995; Weinberg et al.
2000; Luck 2007), and no comparative studies haweded on the global economic

periphery. Yet, there is strong evidence thafibstion of a nation in the world system
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(Wallerstein 1974), be it peripheral, semi-peri@heor core, has a bearing on the state of
its natural resources (Hoffmann 2004; Bunker 2@¥andra et al. 2009; McKinney et al.
2010). World system position has particular refeeato the modernization perspective,
because the theory implies that more affluent, odennized, societies are able to
externalise their ecological footprints. Thus, mfitative evidence of the modernization
perspective within core nations (Grossman & Kruédd5; M'henni et al. 2011) might be
due to import of resources and export of pollutdRigure 1.1). Therefore, there was a
distinct need to understand, better, the effecsofeties on natural resources within a
peripheral nation context, where a large portioglobal biodiversity exists (Myers et al.
2000; Kramer et al. 2009). | addressed this revegap by focusing analyses on Solomon
Islands, a peripheral nation (Babones 2005). Inglso, | found only limited substantive
evidence for the modernization perspective in Soloslands. In fact, modernization had
no discernable effect on fishing pressure, sugggshiat in the within-peripheral nation
context, modernization has little bearing on ndttesources and that markets and local
population pressure are the dominant forces. Hewekiere was some evidence of higher
incidence of species and gear restrictions in mavdernized communities, suggesting
that, overall, and modernization might have a msitive effect on coral reef fisheries in
Solomon Islands. Yet, the communities in this gtwduld certainly lie at the lower end of
the global modernization spectrum; therefore tha&tpe effect of modernization of species

and gear restrictions is not explained as the enmiental Kuznets curve.

The fourth research gap was one of ‘triangulatibfindings’. None of the quantitative
comparative studies of the three perspectives hagd local perceptions data to triangulate
comparative findings. Yet, two significant benetib theory development are likely to be
derived from analysis of local perceptions. Filstal perceptions will either support or
refute the comparative model, adding to weightvadence, or force a review of the
comparative model and its assumptions, respecti@ayerally, the analysis of local
perceptions in this thesis (chapter 4) (Brewer 2@1pported the findings of the
comparative analyses. In particular, fishers amttllamen perceived that efficient and

destructive fishing gears (e.qg. fishing nets arehsg) were the dominant proximate drivers
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— afinding that supports the results of chapteFdrther, distal drivers of resource decline
perceived by fishers and middlemen were concorgd@htboth Malthusian overpopulation
and market expansion, including population growiing for consumption survival and
fishing for economic gain. Modernization was ngtesiceived driver of fish decline [partly
because the terminology is not common in the leeahacular, however, ‘development’ as
a comparable concept which is common in the velaa¢boale 2001), was not mentioned
explicitly], but does relate to fishing for affluesand immediate economic gain for
aspirations associated with modernization. Figinermiddleman perceptions of means of
increasing fish stocks were also broadly concordatit the findings of chapter 3.
Frequently elicited proximate drivers of fish stookrease included spatial restrictions and
fishing gear restrictions that were both analysechiapter 3. Distal drivers associated with
spatial restrictions included market regulationd Bylaws with penalties which supports,
in part, the market expansion perspective. Theg distal drivers perceived to assist gear
restrictions was bylaws with penalties. The peregimportance of bylaws shows the
perceived need for assistance with local reguldtiom the provincial and national-levels
of governance (which is raised further as an isdcial-political scale in the limitations
section). Also interesting was that, despite tra@tMisian overpopulation perspective
dominating the comparative analysis in chapter &jaging population effects was not
perceived by any respondents as a means of inogefish stocks. The reason for this
difference is not clear, especially given that dapon growth was frequently perceived as
a cause of fishery decline. All evidence considelecal perceptions were broadly
supportive of the results of the comparative aredys chapters 2 and 3, except for the
effects of population size and density on the a@nae of fishing restrictions that | believe
contributes robustness to the conclusions of thepawative analysis. Second, local
perceptions are likely to include factors that apeiat the level of the individual rather than
the local- or national-level (following researctpgaree above). Indeed, there were a
number of perceived factors identified by resowrsers, which likely drive individuals to
over-exploit coral reef fisheries in Solomon Islartdat were not considered in the local-
level analysis in this thesis. These factors idelly for example, ‘laziness’ and ‘poor

knowledge of sustainable fishing techniques’. Amtioned in chapter 4, consideration of
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these factors might provide opportunities for téirgemanagement in a manner that

individuals can empathize with and potentially @ to.

5.2THE BROAD THEORETICAL CONTRIBUTION OF THIS THESIS. A UNIFIED
NARRATIVE OF SOCIETY S EFFECTS ON CORAL REEF FISHERY RESOURCES IN

SOLOMON | SLANDS.

It is clear from the results presented in eaclnefdata chapters, that no single perspective
explains society’s effects on coral reef resouatdbe local-level in Solomon Islands. In

fact, there is evidence that elements of all tipespectives operate within the fishery.

There is support for both the Malthusian overpofaiteand market expansion perspectives
with regards to fishery exploitation and the st#téhe fishery (chapters 2 and 4).
Relatively efficient fishing gears explain the staft the fishery, with greater density of
more efficient fishing gear correlated with redutéaimass of vulnerable species, species
diversity, and biomass of functional groups (Figbre (a)). Efficient fishing gear is
synonymous with both Malthusian overpopulation avatket expansion perspectives.
Within the Malthusian overpopulation narrative,dbbuman population growth leads to
declining resources, forcing resource exploiterisitoease gear efficiency to maintain
catch-per-unit effort (Pauly 1988). Within the hkatrexpansion narrative, labour is
exchanged for technology (efficient gears) to maséwprofit (Schnaiberg 1980). That both
human population density and access to marketaiexefficient fishing gear (Figure 5.1
(b, ¢)) lends further support to the Malthusianrpegulation and market expansion
perspectives, respectively. These findings aradiyoconsistent to previous studies,
conducted at the nation-level that showed Malthusigerpopulation and the market
expansion perspectives best explained resouragbdisbns (York et al. 2003a; Hoffmann
2004, Clausen & York 2008b, a; McKinney et al. 2D0Bable 1.1). Further, fisher and
middlemen perceptions of the cause of fishery dedupported both the Malthusian

overpopulation and market expansion perspectitreparticular, respondents perceived
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that fishing for affluence and fishing to meet indiae family needs were primary drivers
of fishery decline, which support the market expamsind Malthusian overpopulation

perspectives, respectively.

Modernization

Institutions

/ Natural resource
Exploitation

Figure 5.1 Local-level process-based model (which could aksadnsidered a narrative) of society’s effects

Malthusian
overpopulation

Market expansion

on coral reef resources in Solomon Islands derfirad chapters 2 and 3 of this thesis.+/- = dirat{islope)

of effects; a-f = see text above and below.

The support for both Malthusian overpopulation aratket expansion perspectives
highlights a spectrum of drivers of resource decliMalthusian overpopulation, at one
extreme likely relates to exploitation to meet lao@eds. In times past, when there was not
cash-based trade of resources, but only bartéreaude of local currency, population was
likely the dominant driver of the state of naturedources. Indeed, Malthus’ calculations
considered local and national population growthhwaut any explicit mention of the
potential for trade to buffer future environmertatastrophe (Malthus 1798). Then, the
insurgence of other ways of thinking and doingjrimyeased globalisation, opened
communities to trade, through a common currency,reavel material goods that presented
incentive to exploit resources beyond immediatela¢Ruddle 1993; Sabetian & Foale
2006). This change represents a transition fropufation to markets and trade as drivers
of over-exploitation, from fishing motivated by mkseto fishing motivated by material
wants, and, socio-politically, from relatively egatian communities (Marx 1887; Baines
1989) to communities containing entrepreneurialtelipt enterprise aimed at maximising

personal gain (Smith 1843; Brewer 2011). The teduhis transition, from one end of the
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spectrum to the other (which is likely continuinig)jncreased inequality in the allocation
in benefits from the fishery.

To contextualise this spectrum | turn to field avaéions of the two extremes. In one
community visited, there was a women'’s fishing grthat used basic fishing gear
including wooden canoes and handlines. They wiralguently fish through the night, and
return with a small catch. Some of the members®fgroup reported that most of the fish
were for personal consumption or for local salenet basic household needs including
family support. This group epitomises the egahtafishery, elsewhere viewed as the
welfare fishery (Béné et al. 2010), where fishexgources are seen as insurance against
poverty and unemployment. In the same communéyethvere young men who fished
using comparatively sophisticated gear includitgeglass boats with outboard motors,
spears, and torches for night-spearing. Catchalsl t@ significant, particularly if fish
spawning aggregations were targeted, or parti@daotfish were found in abundance. The
catch of this group was invariably sold. Indeedthis community and others, particular
reefs were given names, relating to immediacy efebonomic utility of the resource, such
as “A.T.M.” (automatic teller machine) — rapid asse&o cash. While | cannot confirm how
income from the catch was spent, it is likely atjporwas spent on luxury items including
imported non-essentials, purchased at local stoFas group represented the capitalist
production, or rent-maximisation fishery (Béné le10) — the more recent of the two.
These two groups, though targeting the same resprepresent markedly different sectors
of the small-scale fishery, and of the communitje support of either of these fishery
types must be carefully considered in policy relgtio maximising societal benefits (rent

or welfare) from small-scale fisheries.

However, the narrative of society’s effects on toeaf resources is not fully explained by
this spectrum. With the exception of human popafatiensity, the distal drivers have a
positive effect on the probability of institutioc@urrence. These positive effects suggest

that institutions might be adapting to social andremic change (Hviding & Baines 1994;
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Hviding 1998) in Solomon Islands (Chapter 3). &mtggular, institutions are more likely to
occur in communities with fish markets (Figure &Y)), in more modernized communities
(Figure 5.1 (e)), and in communities with mediumiarge-sized populations (Figure 5.1
(f). This finding lends some weight to the modeation perspective. Yet, evidence
suggests that, by way of increasing fishing pressising sophisticated gears, population
density and markets negatively effect, and modatium has no effect on, reef fish stocks
in Solomon Islands (Chapters 2 and 4) (Brewer.2@09; Aswani & Sabetian 2010;
Brewer et al. 2012a). It is possible, therefanat despite higher probability of occurrence
in more modernized communities with medium to Igsgpulation size and fish markets,
management institutions exist, but are not sucogeidi stemming resource decline. This
begs the question of why institutions are not sastg or improving resource condition
with high population pressure and access to fistkets.

According to the modernization perspective, thengry reason why institutions are not
stemming resource decline is because a high edeughof modernization has not been
attained for consideration of the environmenthi® point of increased resource abundance.
Instead, focus remains on meeting basic needsdimgjdood security and housing

(Maslow 1943), which is certainly evident in Solamiglands. Secondarily, and associated
with increased modernization, the mechanisms f@raved resource conditions are not
present, including adequate investment in sciengifid management institutions that
prevent overexploitation (see Cinner & Aswani 20@7a review of institutions relevant to
the context), alternative livelihoods outside afaerce exploitation, and importation of
resources instead of local exploitation. Logicatherefore, if the modernization
perspective is relevant to Solomon Islands commasgjithere is a need for increased

modernization to enable decreased exploitationspreson local resources.

However, it is likely that factors operating atdar social-political levels (national and
global) are driving local-level over-exploitationdaconstraining local-level modernization.

It is possible that because of poor governanceftann et al. 2009) including corruption
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in extractive industries (Larmour 1997), social aaditical instability, and poor terms of
trade internationally, Solomon Islands [as is kel other peripheral nations (Wallerstein
1976)] might not reach a level of modernizatiort #@ables discernable consideration of
environmental welfare, as predicted by the envirental Kuznets curve (Figure 5.2). For
example, timber has historically been the majorc®of federal revenue — largely shipped
offshore, to more affluent nations, as unprocessgsito the economic benefit of
multinational companies (Foale 2001). Anecdotditife income from logging is received
at the local-level, and when it is, it is not eqbit distributed, and often squandered. Few
significant timber resources remain in Solomonndiadue to overexploitation. Further,
Solomon Islands does not possess significant secgiie.g. manufacturing) or tertiary
(e.g. information technology and services) indestrand is consequently heavily reliant on
imports. The primary means of accessing theserismthrough resource rents from
fisheries, forestry and mining. Therefore, | ththlat the poor return on investment from
extractive activities subject communities in Solenslands to chronic poverty that might
not change with continued resource exploitatioatdad poverty traps - a self-reinforcing
mechanism which causes poverty to persist (Azagi&dstachurski 2005; Barrett &
Swallow 2006; Cinner 2011) - might become more al&wt if local-level resources
continue to diminish without significant improventeim terms of trade and improved
national-level governance. The relevance of sqmiditical scale in explaining local-level

resource conditions is further discussed in th&diions (section 5.3).
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Time 2
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Time 1

Modernization

Figure5.2 A heuristic model of the effect of world systenmedie on modernization trajectories for core and
peripheral nations. Here, | hypothesise that cat@®ns achieve environmental Kuznets curve trajéest by
way of importation of resources from, and expornpollutants to, peripheral nations. Based on this
hypothesis, there is a need for national- and ddd&eel shifts in terms of trade if local-levelmonunities in

peripheral nations are to modernize in the forrthefenvironmental Kuznets curve.

In summary, local population growth and commodit@aof resources, and a transitioning
economy, from one of egalitarian distribution cdaarces to one of personal gain, is
driving increased exploitation using efficient fish gear. However, there is a local-level
response, in increased likelihood of occurrenceahagement institutions in more
modernized communities with fish markets, and imownities with medium to large
populations. Yet, ensuring future sustainableaisesources locally will likely require

addressing issues such as trade inequalities ionahtind global social-political systems.

5.3LIMITATIONS TO THE THESIS AND CONSEQUENT FUTURE RESRRCH

The narrative presented in section 5.2 is the m®based model that has resulted from this
thesis, including the comparative analyses in @rgi and 3, and the information elicited
from surveys associated with chapter 4. In thesige | describe limitations to the thesis
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narrative outlined above. In doing so, | buildtba narrative to incorporate the broader
system properties that represent limitations tahlesis. This results in an extended model
including tested (this thesis) and hypothesisetbfadhat are likely to explain resource
distributions in peripheral nations at the localde Thus, this section culminates in a

broader model for future testing.

5.3.1THE WRONG METHOD OR MISSING VARIABLES IN THE GENERALMODEL?

This thesis has used mixed methods (Tashakkoriddlie 2002) to reach its conclusions;
quantitative analysis was used for chapters 2 aad@a combination of quantitative and
qualitative analyses were used for chapter 4. cbhimelusions of the thesis are derived from
the quantitative analyses in chapters 2 and 3gaatitative responses from fishers and

middlemen to triangulate the quantitative findings.

Detailed fishers’ and middlemen’s perceptions, cowd with the complex narratives of
each of the perspectives (summaries of which asgnted in the Introduction) highlights
the incompleteness of the overarching thesis m@dglre 1.5). That is, there is
contextual complexity that cannot be captured dylguch statistically testable,
quantitative, reductionist models (Johnson & Onviuzie 2004). For example, there are a
number of environmental non-government organisatimw based in Solomon Islands,
including The Nature Conservancy, WorldFish, WaNddlife Fund, and the Coral
Triangle Initiative that focus on natural resouncgnagement and rural livelihoods. The
actions of these organizations, in theory, are stp@ of the modernization perspective
because they represent a dampening response tormneintal degradation, and the
evolution of traditional management systems towasdsid systems more adept at
managing modern resource management challengesgiGind Aswani 2007). In
addition, review of national fisheries policy migiitow a shift from a focus on resource
exploitation to one of conservation that would d&ad weight to the modernization
perspective. Consequently, the thesis might havefited from the inclusion of a

qualitative description of evidence for each of pleespectives. The main benefits of doing
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so would be further triangulation of the quantitatfindings and further embedding of each
of the perspectives within the context. Howeweis possible that focus on a particular
strand of qualitative evidence (such as the efiéaein environmental non-government
organization on a few villages) would produce li@asards a certain perspective where the

quantitative analysis was less likely to have deme

One alternative to a qualitative description wdoddto incorporate contextual factors such
as the presence of environmental non-governmeanaagtions, or alternate sources of
income such as coral reef tourism that may havewated for additional variance in the
guantitative model (Figure 1.5). The diagnostariework for analyzing social-ecological
systems developed by Elinor Ostrom (2007) provadesmprehensive example of the
numerous indicators that may contribute to diffetgpes of social-ecological outcomes.
However, as noted by Ostrom, simultaneously exangiall potential variables would
require an enormous sample size. Compared to stivgl-ecological studies with
comparably detailed ecological data (Cinner e2@09b), this thesis used a moderately
large sample size (for Chapter 2), but adding neapanatory variables would have
overfitted the models. Further, the model | depebb(Figure 1.5) did explain much of the
variance in fishing pressure, institution occuresrand ecological distributions (i.e. it had
reasonable power of prediction), and representsttidy system distilled to an arguably
minimum adequate model. Therefore, despite orgigimme potentially important

contextually relevant variables, the model was sssful in addressing my research aims.

5.3.2A MISSING LINK IN THE MODEL

The general model used in this thesis (Figure tb.59st the effects of proxy variables for
each of the perspectives, on exploitation and mamagt institutions, to explain natural
resource distributions, was missing one key lifike missing link was the effect of
resource management institutions on the relatipniséiween resource exploitation and in
situ resources (red arrow in Figure 5.3). Inclasabthis link would have shown, directly,

whether institutions were actually constrainingleiption. The reason why | was unable
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to include this link in my study of Solomon Island$ecause | integrated two datasets that
were collected for different objectives, which methrere was little geographic overlap
between the surveys. Specifically, data on managémstitutions (from the village
resource survey) were sparse across the sites wbelayical data were collected, and
consequently there were not enough sites to testdmplete model. Consequently, the
model was split into two components, focusing opl@xation and management

institutions separately (see Figure 1.5). Whileolld expect that institutions would have
some dampening effect on the effect of fishing gues on the fishery (Agrawal & Yadama
1997; McClanahan et al. 2011a), thus a positivecetdn fish stocks (natural resource in
Figure 5.3), it is not possible to definitively drauch a conclusion with the data used in
this thesis. To address this limitation it woukliiecessary to identify the occurrence, and
efficacy, of the relevant coral reef resource managnt institutions across the 25 sites used
in chapter 2. This was not possible due to a rafigeasons including difficulties in

obtaining field permits for all sites, and the extiely remote locations of some sites.

Drivers Pressures Resource State

Modernization

Malthusian
overpopulation

Natural resource

Market expansion

Figure 5.3 Generalised model used in this thesis. Black asrd@noting links that were tested and showed
significant correlation, and the red arrow denotinlink that was not tested. +/- = direction ofrgfigant

effect. ? = unknown strength and direction of dffec
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5.3.3A MODELED SYSTEM OF FLOWS AND FEEDBACKS

Analyses within this thesis have assumed that p@aifestations cause change to
ecological manifestations. This assumption is ooaiant with the human exceptionalism
paradigm (HEP); that social change is independkthiteoenvironment the society exists in.
That is, cause and effect is unidirectional froristy to ecology. However, the New
Ecological Paradigm (Catton Jr & Dunlap 1978), vahie now widely accepted in
environmental sociology, challenged the HEP by iagythat the interactions between
society and ecology are bi-directional. Indeedrehg a growing body of social-ecological
systems literature that explicitly acknowledges] arodels, bi-directional effects (flows
and feedbacks) (e.g. Cinner 2011; Nystrom et d220For example declining fish catch,
due to overfishing, might cause increased fishirgggure, or force fishers to exit the
fishery (Cinner et al. 2011).

Feedbacks can be explored using time series dadéag@ér 1969). Crucial feedbacks in the
system would include effects of changing resoutaeeon distal and proximate drivers
(Figure 5.4). Time series data would also be heia¢fn identifying lag effects, which aid

in inference of causality (Granger 1969). For eplanas shown in figure 5.5, there is a lag
effect between the hypothesised sequential eftdatecreased population density on
fishing pressure, increased fishing pressure ohrileg resource state, and declining
resource state on institutional efficacy. Timeaesedata would be particularly useful for
management because it would enable the identibicatf system dynamics including
effects of interventions such as government potibynging economic structure, or the

influence of external agency such as the Coralnbtalnitiative.
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Figure 5.4 Proposed generalised model of the dominant sodidbgerspectives of society’s effects on
natural resources at the local-level embedded nvidhsocial-ecological framework. Links testedhis thesis
denoted as black arrows. Link identified as misdiog the unidirectional model (Figure 5.1) denotesdred

solid arrows. Links to be tested for social-ecatagifeedbacks denoted as red dashed arrows.

High
—— Population density
—— Fishing pressure
—— Resource state
—— Institutional efficacy
Low

Time

Figure 5.5 Heuristic model showing hypothetical lag effectbAmen model variables, driven by increasing

population density.

To develop a time series for the general modelhiog feedbacks (Figure 5.4) would
require a long-term data collection program. Thegpmm would require frequent
measurement of variables to ensure that causefmutisenvere observed, dependent on the
rate of social-ecological change occurring withia system and how tightly coupled
various variables are. For example, increase puladion density might have a very

immediate effect on increase in fishing pressumgrovements in institutional efficacy
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might occur when resources are still abundant,feemseverely depleted, and ecological
systems can be prone to rapid shift to alternatest{Hughes 1994; Lester & Fairweather
2011).

5.3.4LINKAGES AMONG AND BETWEEN LEVELS IN THE SOCIAL-POLITICAL SCALE

This thesis focused on the local-level (chapteas@ 3) (supported by the individual-level
analysis) to draw its conclusions, for sound reasbirst, coral reef social-ecological
systems are relatively tightly coupled at the ldeakl (Almany et al. 2013). For example,
in Solomon Islands natural resources are larggijyoged and managed by local
communities of people (Hviding & Baines 1994; Hwdi1998; Foale & Maclintyre 2000;
Govan 2009) (exceptions being examples such as lagging companies that are socially
exogenous to the local social-ecological systefuyther, more detailed data, particularly
ecological, is available at the local-level complaieg for example the nation-level (e.g.
York et al. 2003a; Hoffmann 2004; Bradshaw et @lL®), allowing the observation of
social effects on key aspects of ecology such esisp diversity and functional group

biomass.

However, as ‘no man is an island’ neither is arcaldevel community or individual fisher
or middleman, isolated from other social-politialels (Wallerstein 1976), particularly in
our increasingly interconnected world (Cash eR@06; Young et al. 2006). According to
theory of human geography, there are levels ofrosgéion on the social-political scale that
takes the form of a vertical hierarchy (Warren 2008th lower levels nested in those
above (see Agnew 1995; Marston 2000 for early vaorisocio-political levels, and critique
of scale in human geography; Marston et al. 200®\els include, but are not necessarily
limited to, the; individual, family/household, cormity/village/town, province, nation,

and global. Each of the levels within the hieracahscale is affected by all other levels,

indirectly or directly (red bi-directional arrowstiv associated numbers in Figure 5.6).
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In the context of small-scale reef fisheries inddwbn Islands, the resource ownership
group, which operates at the local-level and wadalkus of chapters 2 and 3 of this thesis,
is the primary social-political level of coral reelsource exploitation and management.
However, the within the local-level there existsifiies/households, and within
families/households there are individuals (chagtef this study). Individuals within
communities are likely to affect exploitation andmagement by, for example, showing
strong leadership qualities (Ostrom 2007). Diffexes among households might also affect
local-level exploitation and management of resoairdéor example, cultural heterogeneity
among households is not conducive to collectivadt the local-level (Aswani 2002;
Thompson et al. 2003). Local-level communitie® atgeract with one another, primarily
through trade and migration, including resourceelisal (Figure 5.6, number 1). Further,
local-level communities are nested within proviniteSolomon Islands. Factors

operating at the provincial-level will affect loaakploitation and management patterns
(Figure 5.6, number 2). For example bylaws, whighne a commonly elicited
management response in chapter 4, operate atdlamgial level, and offer support for
local-level resource management. The nationabsqailitical level also affects local-level
resource exploitation and management, either diré€igure 5.6, number 3), or indirectly
through provincial governance (Figure 5.6, numberDirect effects include bans on the
exploitation of particular species (e.gche-de-mer) and the use of particular fishing gears
(e.g. dynamite). Indirect effects include the oadil-level support of provincial fisheries
officers who are responsible for fisheries law eoéoent, and in aiding marketing of
fisheries products. The global-level also affediggctly and indirectly, the exploitation

and management of local-level coral reef resourées.example, from time to time
particular species are exploited locally to suppbrkets in Asia through the live reef food
fish trade (Warren-Rhodes et al. 2003), which regmés a direct link between global and

local social-political levels (Figure 5.6, numbgr 4

15 The social-political scale used here is the sicafgemented during British colonisation. It is uded
simplicity and so that it is comparable with otkhentexts. | am not using it because | think it dtidae the
dominant scale, or necessarily the scale mostdstoteatural resource management. The other social-
political scale - the traditional system of sogalitical power, still maintains influence in enf@ment of
traditional laws, is essential to local custom antiural survival, and plays a significant roletlie
management of coral reef resources in Solomondsldn fact, both social-political systems playemnial
roles in both the exploitation and management ainahresources.
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Accounting for these multi-level effects on local#l| exploitation and management of
coral reef resources will improve the predictivpaeity of social-ecological systems
models. Further, it might enhance coral reef ressomanagement approaches by
improving our understanding of the interactions agevels and the possible positive and

negative effects of factors operating at multigheels, on local-level resources.

The set of limitations described above represeststa of extensions on the model
developed in this thesis. | have shown, whereessiing the limitation would contribute to
broader system linkages and feedbacks. The abodelr(Figure 5.6) represents the next
step, in my opinion, in modeling linked social-emgital systems, at the local-level in
economically peripheral conteXts

8 Over a significant career Elinor Ostrom developesgell-recognised framework for testing the
sustainability of local-level social-ecological s (discussed in section 5.2.1). The purposkeofitodel
presented in this thesis (Figure 5.4) is not tayssgthe framework of Ostrom (Ostrom 2007) is in aay
inadequate or obsolete. Rather, the model in fgisis does not have global application to socialeggcal
systems because of the specific peripheral natotext. Further, the model in this thesis is based
environmental sociology theory, whilst the framekvof Ostrom is based on a rich career in studying
common-property.
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Figure 5.6 Nested social-political levels that interact toeeffthe local-level exploitation and management
(institutions) of coral reef resources in Solomslamds. In interpreting this figure consider tthedre are
multiple local social-ecological systems within fmvincial-level social-political system, multiple
provincial-level social-political systems withinetmational-level social-political system, and npléi
national-level social-political systems (countriegdhin the global-level social-political systemlaBk arrows
show tested and significant effects. Red arrowsvalnatested effects. Note that the individual and
family/household level is not depicted in this figubecause their effects on local-level social-agichl

systems used in this thesis, is not clear.
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5.4 GENERAL CONCLUSIONS

The broad aim of this thesis was to explain theesshcoral reef resources using dominant
environmental sociology perspectives of human-@mvirent interaction; Malthusian
overpopulation, market expansion, and modernizatibmdo so | used a novel
comparative model at the-local level in a geo-prlty peripheral nation (chapters 2 and
3). I have also identified the dominant discoursiecals within the context of the thesis,
of the social factors that affect natural resowaeditions (chapter 4), thus triangulating the
comparative modeling (chapters 2 and 3). In dsmghis thesis has contributed to theory
of human-environment interactions and has consdlyusmadened our understanding of
the social processes that explain variability i $skate of natural resources. Key
conclusions are that no one perspective bestigstale and context used for this thesis,
which is a finding that resonates with nation-leaealyses. Further, whilst the Malthusian
overpopulation and market expansion perspectivesexplained exploitation effects on
the fishery, there is also evidence of a possitdeagement response to population growth
and markets. Therefore, there is some evidenogdernization-like characteristics;
however, these characteristics have not translatedeal improvements in resource

conditions in more modernized communities.

These findings are directly relevant to policy fatural resource management. Broadly,
focus should be on shifting from a Malthusian oegndation and market expansion

fishery to a modernization fishery. To instigdtestshift will require two areas of focused
effort. First, fishing overcapacity should be added. To do so, the model suggests a need
to dampen the current drivers of overexploitatianluding population pressure and market
access. Obvious, but not necessary feasible @limited capacity) solutions include
limiting entry into the fishery and managing fishigears (McClanahan et al. 2008) to
constrain Malthusian overpopulation effects, andketarestrictions including species and
size restrictions (Brewer 2011) to constrain magketansion effects. Importantly, the
national government should avoid subsidising thledry through provision of boats and

fishing gears, forcing the industry to find a padfiteconomic viability and avoid subsidy-
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driven over-exploitation. The second area of foglusuld be supporting the conditions that
are likely to result in a modernized fishery. Tisatthe focus should be on factors that are
theorized to cause the change in trajectory iretharonmental Kuznets curve. These
factors include improved management, a decreadiedat exploitation pressure, and
limiting the use of destructive gears (Cinner eR809b) through stronger, integrated

institutions.

A critical challenge pervasive across many coustisebalancing economic development
and environmental concerns. Constraining resowpiation (including market-based
artisanal fishing) will also constrain developmbatause exploiting and selling natural
resources, including fisheries, contribute to ecoicagrowth. For example, Jaunky (2011)
found that fisheries export contributes signifidamd sustained economic growth in Small
Island Developing States. Yet, rather than maximgieconomic rent as rapidly as
possible, it is essential to take a longer, andenstnategic, view on development, with the
aim to achieve a higher level of affluence and begtig whilst avoiding significant, if not

irreparable, damage to the environment.

Part of the longer view strategy lies in developmmgnagement institutions that enable
strategic, evidence based decisions to be madeneta the intensity and extent of
resource exploitation, and some control over havdigrived capital should be invested to
enable more efficient development. That is, Solonstands needs systems that provide
the greatest development return for the given lefehvironmental degradation. A part
of this return-on-investment approach includes em@nting numerous strategies such as
banning destructive exploitation approaches aneldping networks of protected areas
that would, collectively, increase returns-on-irtwesnt. However to achieve resilient
improvements in resource stewardship at the laoadt there must also be changes at the
national-level. Such changes include increasedkstability, absence of corruption, fair
and sustainable international trade in naturaluess, and some collective vision of

desired development; all of which are limited ind®oon Islands. Solomon Islands is a
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young nation with an under-resourced national gowent forced with the daunting task of

caring for a very diverse set of ancient custontsa@mtemporary vested interests.

Navigating sustainable development in a way this Solomon Islands traditions and
current context, and the evolving collective vis@frdesired development will require
significant trial-and error and tenacity. Howewaher nations in the region, with a loosely
similar context have been experimenting with défégrmanagement strategies for some
time, and therefore present Solmon Islands witrealtln of knowledge that might limit
failures and strengthen successes. For examglgdies which is relatively more
modernized and has more depleted coral reef respusat where institutions are evolving
to counter continued degradation (i.e. Philippiisdgkely at the inflection point of the
environmental Kuznets curve). Coastal communitig3hilippines have, for over three
decades, been experimenting with different appreswth coastal artisanal fisheries
management in response to awareness of resourzddégn (White et al. 2006). Indeed,
since the late 1970s there has been a rapid patlida of community-based marine
protected areas across the Philippines (Weeks 2040). Contributing to the success of
the growth and evolution of the institutions argetof key factors. First, awareness of
resource decline, through fishing pressure, wasr@np in the 1970s (Green et al. 2003).
Second is evidence of increased resource stodksvia implementation of management
restrictions (Lowrie et al. 2009). Third, commuynitvolvement and ownership of
management responsibility has been heavily praadti(\White et al. 2006; Alcala & Russ
2006). Fourth, government support for communitgdzgamanagement has been in place
since 1998 (White et al. 2006). Finally, acrosslsmtegration of management planning
and implementation has been made possible throogjtiye collaboration between
government, non-government organizations and lomamunities (Courtney & White
2000; Christie et al. 2002; White et al. 2006; Lenat al. 2009).
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Solomon Islands is actively learning lessons frdmlippines, and other similar nations,
through programs such as the Coral Triangle Imgatand it is hoped that management
measures can be fast-tracked through lessons.|€eritinly, Solomon Islands Fisheries
Department, a number of non-government organizat@o numerous other organisations
and individuals are already taking action in thaseas, including, for example, the
application of social network analysis to idenstyengths and weaknesses in collaboration
networks among stakeholders (Cohen et al. 2012}, coral reef resources in Solomon
Islands are still in much better condition thanliBpines, so it might take significant

further education and awareness before thereislidgpation of protected areas, and other
management measures, across Solomon Islandsb8iitiing networks of protected areas,
and other such measures does not address popwdatiomarket pressures discussed in this
thesis, and so, does not represent a long ternicolas long as there is continued resource
dependency, growing populations and access to tsarke address issues such as
population growth and market expansion will requitgy integrated efforts including
government departments and non-government orgamsaanvolved in issues such as

family planning, economics, and alternative livelials.

Both social systems and ecological systems are lexmredicting the timing, intensity,
direction, and type of change in either systemasdht with challenges. Understanding
interaction between the two systems adds furthewpbexity. Certainly, the effect of basic
human behaviours on simple ecological systems figlang on a single species fishery)
can be predicted with some certainty. However,nwlie acknowledge, and try to account
for the effect of broader social drivers such aslennization on behaviours such as
exploitation on diverse ecological systems, thdlehge of predicting timing, intensity,
direction, and type of change becomes significamilyder. However, complex social
process and ecological responses are our reatitlytreerefore represent true challenges to
sustainability. In this thesis | have been ablsttow, with some certainty, society’s effects
on a complex ecological system. This has only Ipmmsible because of previous research
on the three perspectives that have been refinedtowe through debate in environmental

sociology and allied fields. Thus, it is this baafywork that provided a strong theoretical
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foundation for this thesis. Further advancemeantsuir understanding of social-ecological
systems will probably come more readily if analysibased on this rich theoretical
foundation. Research that fails to use this fotindge.g. research that collects, and
analyses, a large suit of social and ecologica déthout a clear suite of a priori questions
or understanding of social-ecological processexyrttically and in application) will likely
be peripheral to the debate on society’s effectsaiaral systems, and therefore have less
impact than desired.

Current trends of anthropogenically-driven natueslburce decline are concerning for
anyone abreast of the literature. What the futiwlds remains unclear except that, in the
near to medium future, there will be further deplebf the natural resource base globally.
Shifting the narrative of our relationship with niag, from Malthusian overpopulation and
market expansion to modernization will require abeicological systems to internalise
their environmental footprints, thus existing withihe limits of their production potential
(Dasgupta & Ehrlich 2013). To achieve this willjuére significant enhancement in our
understanding of ecological systems, and of sdsietyects on ecological systems, to
improve the accuracy of environmental accountigphisticated institutions will be
required to administer and enforce the environmeeounting mechanisms. This is
likely at some point in the future simply becausereé is no alternative if humanity is to

prosper.
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APPENDIX 1: RESEARCH CONDUCTED AND SYMPOSIACONFERENCES ATTENDED

DURING DISSERTATION PERIOD NOT INCLUDED WITHIN THE THESIS

Peer-reviewed Publications:

Brewer, T.D., Cinner, J., Green, A., Pandolfi, J. 2009. Thré&dhand multiple scale
interaction of environment, resource use, and mageess on reef fishery resources in the
Solomon IslandsBiological Conservation 142: 1797-1807.

Skinner, M. P.Brewer, T.D., Johnstone, R., Fleming, L. E., Lewis, R.J. 2@iguatera
fish poisoning in the Pacific Islands (1998 to 2068 oS Neglected Tropical Diseases 5:
el416.

Bohensky, E., Smajgl, ABrewer, T.D. 2012. Patterns in household engagement with
climate change in Indonesidature Climate Change. DOI:10.1038/nclimate1762.

Albert, S., Love, M.Brewer, T.D. 2013. Historically driven spatial variability die
shifting baseline syndrome on Melanesian corakré&efific Science. In Press

Pandolfi, J. M., Kaplan, DBrewer, T.D., Schultz, J.K., Kittinger, J.N., Prescott, R.,
Lewis, N, Friedlander, A.M., Berzunza-Sanchez, MdBC.E., Cinner, J.E., Toonen, R.J.,
Fa‘anunu, A.l., Pikitch, E.K., Wilcox, B.A.. The @®upling of human and ecological

heath in Pacific Island nation®NAS. In preparation

Wamukota, A.Brewer, T.D. Market access and income inequality among smalksc

Kenyan coral reef fishery: Implications for manage In preparation

Other Publications (reports, book chapters, other):
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Kool, J.,Brewer, T.D., Mills, M., Pressey, R.L. 2010. Ridges to Reefs €amation Plan
for the Solomon Islands. ARC Centre of ExcellerareGoral Reef Studies. 50 pages.
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research-implementation gaBublished online: conservationbytes.com.
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International Coral Reef Society, Cairns.
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coral reef fish. International Conference of Enaimental Futures. Newcastle, United
Kingdom.
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Solomon IslandsPacific Science Inter-Congress. Papeete., Frealymésia.
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November, 2008.
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APPENDIX 2: FISH SURVEY METHODS AND BIOMASS ESTIMATION

Fish survey methods and biomass estimation usezhépter 2 (adapted from Green et al.
2006).

Fish survey methods

Coral reef fish communities were surveyed usingemwdter visual census methods
including a) transects and b) timed swims. A retd list of 37 families was used
comprising only those families that are amenabhligoal census techniques, because they
are relatively large, diurnally active and conspigsi in coloration and behaviour. This
method excludes species that are not amenable te¢hnique because they are very

small, nocturnal or cryptic in behaviour (e.g. ghiblennies, cardinalfish).

Transects
Fish were surveyed along five replicate transectthe reef slope at a depth of 10 metres at
each site. Fishes were surveyed by three passas thie transect counting different species
in each pass, using different transect dimensionsdch group (based on their behaviour,

size and abundance):

1. Large, highly mobile species that are most likelypé disturbed by the passage
of a diver (such as parrotfishes, snappers and mg)avere surveyed on the

first pass using transect dimensions of 50m x 5m.

2. Medium sized mobile species (including most surdisbas, butterflyfishes and
wrasses) that are less disturbed by the preserediuér, were counted on the

second pass using transect dimensions of 50m x 3m.
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3. Small, site attached species (mostly damselfisiivas)are least disturbed by the
presence of a diver, were counted on the third psisg) transect dimensions of

30m x 1m.

During each pass of the transect, the number ofichehls of each species was counted
and recorded. The size of each individual (lengtbm) was also estimated and recorded.
Fish identifications were based on Allen (2003argect lengths were measured using
50m tapes, and transect widths were estimated ksiogn body proportions. Transect
tapes were laid during the first pass by an asgistdiowing the observer (to minimize
disturbance to the fish communities being count&dg tapes then remainadsitu until

all the surveys were completed at that site. Fisints (i.e. each pass of the transect) were

separated by a waiting period of ~5 minutes betvoeemts.

Timed swims
Key fisheries species of food fish that are lange particularly vulnerable to overfishing
were counted (and their size estimated) using swigh methods specifically developed
for this purpose (Choat and Spears 2003). Spawvhsded in this study that were sampled

using timed swims included:

4. Maori wrasse (Cheilinus undulatus);

5. Humphead parrotfish (Bolbometopon muricatum) aedstead parrotfish

(Chlorurus microrhinos);
6. Large groupers (Cromileptes altivelis and Variaati);

7. Large and uncommon emperors (Lethrinus olivaceatrinus erythropterus,

Lethrinus rubrioperculatus and Lethrinus xanthad)il

This method was developed to improve estimateseabundance of these species, since
they tend to be uncommon and clumped in distrilto smaller transects dimensions
(e.g. 50m x 5m) are not suitable for obtaining oeable estimates of their abundance. In
this method, the observer surveys a wide areaglargingle pass of the reef slope over a
set time period (15 mins) scanning the reef slopehfese species. This method was

repeated at each site.
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Biomass Calculation

Fish biomass was calculated by converting estimiigbdengths to weights using the
allometric length-weight conversion formulae [weigkg) = (total length in cm x constant
a)b] where a and b are constants for each sp&bmgstants were not available for most
species in the Solomon Islands, so they were adddadmom New Caledonia (Kulbicki,
unpublished data), which was the closest geograpk@ where this information was
available. Where constants were not available &pexies, the constants for a similar

species (usually a congeneric species) were used.

References

Allen, G.R., R. Steene, P. Humann, and N. Deloa0B3. Reef Fish Identification.
Tropical Pacific. New World Publications, 470 pp.

Green, A., P. Lokani, W. Atu, P. Ramohia, P. Thonaasl J. Almany. 2006. Solomon
Islands Marine Assessment: Technical report ofeuoonducted May 13 to June
17, 2004. Page 530, TNC Pacific Island CountrigsdreNo. 1/06.

Choat, H., and R. Pears. 2003. A rapid, quantéatiwvey method for large, vulnerable
reef fishes. In: Wilkinson, C., Green, A., Almady, and Dionne, S. Monitoring
Coral Reef Marine Protected Areas. A Practical @ad How Monitoring Can
support Effective Management MPAs. Australian busé of Marine Science and

the IUCN Marine Program Publication. 68pp.

179



APPENDIX 3: LIST OF FISH INCLUDING VULNERABILITY CATEGORY AND SCORE

USED FOR CHAPTERZ2A

Fish species of low vulnerability

Family Species Vulnerability Biomass (kg/ha./site)
Acanthuridae Acanthurus lineatus 23 5.0040
Acanthuridae Ctenochaetus cyanocheilus 22 0.3979
Acanthuridae Ctenochaetus striatus 17 61.0205
Acanthuridae Ctenochaetus tominiensis 22 0.0976
Chaetodontidae Chaetodon auriga 12 0.2934
Chaetodontidae Chaetodon baronessa 14 3.1991
Chaetodontidae Chaetodon bennetti 15 0.2257
Chaetodontidae Chaetodon citrinellus 10 0.0308
Chaetodontidae Chaetodon ephippium 23 2.0336
Chaetodontidae Chaetodon kleinii 12 0.2837
Chaetodontidae Chaetodon lunula 15 0.1197
Chaetodontidae Chaetodon meyeri 15 0.2932
Chaetodontidae Chaetodon ocellicaudus 12 0.0295
Chaetodontidae Chaetodon ornatissimus 15 2.5697
Chaetodontidae Chaetodon oxycephalus 20 0.5551
Chaetodontidae Chaetodon pelewensis 10 0.0918
Chaetodontidae Chaetodon rafflesi 14 1.2611
Chaetodontidae Chaetodon reticulatus 14 0.0971
Chaetodontidae Chaetodon semeion 20 0.6706
Chaetodontidae Chaetodon speculum 14 0.1777
Chaetodontidae Chaetodon trifasciatus 10 2.0621
Chaetodontidae Chaetodon ulietensis 12 0.5169
Chaetodontidae Chaetodon unimaculatus 15 0.1769
Chaetodontidae Chaetodon vagabundus 17 2.8173
Chaetodontidae Coradion chrysozonus 12 0.0666
Chaetodontidae Forcipiger flavissimus 17 0.5530
Chaetodontidae Heniochus chrysostomus 14 2.9402
Chaetodontidae Heniochus monoceros 18 1.0319
Chaetodontidae Heniochus singularius 23 2.7884
Chaetodontidae Heniochus varius 14 7.0017
Cirrhitidae Cirrhitichthys falco 10 0.0097
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Cirrhitidae
Cirrhitidae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Lutjanidae
Lutjanidae
Monocanthidae
Mullidae
Nemipteridae
Nemipteridae
Ostraciidae
Ostraciidae
Pinguipedidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae

Paracirrhites arcatus
Paracirrhites forsteri
Diproctacanthus xanthurus
Halichoeres biocellatus
Halichoeres chrysus
Halichoeres hortulanus
Halichoeres marginatus
Halichoeres melanurus
Halichoeres scapularis
Labroides pectoralis
Labropsis alleni
Labropsis australis
Macropharyngodon negrosensis
Pseudocheilinus evanidus
Pseudocheilinus hexataenia
Stethoijulis trilineata
Thalassoma hardwicke
Lutjanus fulvus
Lutjanus semicinctus
Oxymonacanthus longirostris
Mulloides vanicolensis
Scolopsis affinis
Scolopsis bilineatus
Ostracion cubicus
Ostracion meleagris
Parapercis millipunctata
Centropyge bicolor
Centropyge bispinosus
Centropyge vroliki
Abudefduf vaigiensis
Amblyglyphidodon curacao
Amphiprion chrysopterus
Amphiprion leucokranos
Chromis acares
Chromis alpha
Chromis amboinensis
Chromis atripes
Chromis delta
Chromis lepidolepis
Chromis lineata
Chromis margaritifer
Chromis retrofasciata
Chromis spp.

10
11
20
23
23
21
20
23
23
21
20
20
23
15
20
13
14
23
19
23
23
23
22
23
13
21
23
15
19
16
23
16
19
11
22
19
19
14
19
14
19
11
18.85*

0.0817
0.0843
0.0027
0.1501
0.0206
2.6858
0.0345
0.0834
0.0206
0.0431
0.0060
0.0170
0.0084
0.0218
0.0251
0.0877
0.2007
0.2616
0.5875
0.0222
0.9772
0.0461
1.3443
0.1362
0.1590
0.1292
1.1761
0.0105
0.2576
0.1715
1.0077
0.7299
0.0387
0.0203
0.0286
3.1789
2.5232
0.1107
0.3917
0.0901
2.3466
0.0770
0.1848
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Pomacentridae Chromis ternatensis 21 8.5608
Pomacentridae Chrysiptera flavipinnis 16 0.0039
Pomacentridae Chrysiptera parasema 14 0.0358
Pomacentridae Chrysiptera rex 14 0.0108
Pomacentridae Chrysiptera rollandi 15 0.0695
Pomacentridae Chrysiptera talboti 12 0.6596
Pomacentridae Plectroglyphidodon dickii 23 0.5536
Pomacentridae Plectroglyphidodon lacrymatus 21 aor4
Pomacentridae Pomacentrus adelus 17 0.6167
Pomacentridae Pomacentrus amboinensis 19 3.4391
Pomacentridae Pomacentrus bankanensis 19 5.9765
Pomacentridae Pomacentrus brachialis 21 5.9182
Pomacentridae Pomacentrus coelestis 19 0.9157
Pomacentridae Pomacentrus grammorhynchus 23 0.2176
Pomacentridae Pomacentrus lepidogenys 23 3.0712
Pomacentridae Pomacentrus nagasakiensis 21 0.0001
Pomacentridae Pomacentrus nigromanus 19 0.7355
Pomacentridae Pomacentrus philippinus 23 7.4159
Pomacentridae Pomacentrus reidi 19 3.3443
Pomacentridae Pomacentrus vaiuli 23 1.0856
Scaridae Chlorurus sordidus 20 9.5128
Scaridae Scarus chameleon 22 0.3435
Scaridae Scarus niger 23 14.3341
Scaridae Scarus psittacus 22 0.8923
Serranidae Cephalopholis urodeta 14 1.8228
Serranidae Epinephelus merra 23 0.0444
Serranidae Luzonichthys waitei 11 0.0067
Serranidae Pseudanthias dispar 14 0.4483
Serranidae Pseudanthias huchti 16 0.7194
Serranidae Pseudanthias spp. 15.33* 0.1495
Serranidae Pseudanthias tuka 16 2.6516
Siganidae Siganus argenteus 22 0.1288
Siganidae Siganus doliatus 23 0.6248
Siganidae Siganus fuscescens 21 0.0876
Siganidae Siganus vulpinus 23 1.2620
Tetradontidae Canthigaster papua 15 0.2037
Zanclidae Zanclus cornutus 12 1.7779
Total 207.0384

* Average vulnerabililty score within Genus useadese fish not identified to species
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Fish species of medium vulner ability

Family Species Vulnerability Biomass (kg/ha./site)
Acanthurida Acanthurus nigricar 34 2.056¢
Acanthuridae Acanthurus nigricauda 25 1.7686
Acanthurida Acanthurus nigrofusci 27 2.695!:
Acanthurida Acanthurus nubilt 26 0.112¢
Acanthuridae Acanthurus olivaceus 31 1.3853
Acanthurida Acanthurus pyrofert 29 20.263!
Acanthurida Acanthurus sp| 31.83° 89.517.
Acanthuridae Acanthurus thompsoni 26 0.1372
Acanthurida Ctenochaetus binota 24 8.051(
Acanthurida Naso brevirostri 33 8.832(
Acanthuridae Naso lituratus 34 11.8811
Aulostomidau Aulostomus chinens 34 0.5457
Balistidae Balistapus undulat 30 5.517¢
Balistidae Melichthys vidua 34 1.3268
Balistidae Pseudobalistes flavimargina 29 3.698:
Balistidae Sufflamen bura 27 0.113¢
Balistidae Sufflamen chrysopterus 30 0.2887
Balistidae Xanthichthys auromarginat 30 0.029¢
Chaetodontide Chaetodon trifascial 24 0.311¢
Labridae Anampses meleagrides 31 0.0411
Labrida¢ Anampses twist 28 0.071¢
Labrida¢ Bodianus meothoray 33 0.980¢
Labridae Cheilinus oxycephalus 27 0.0673
Labridae Cirrhilabrus punctatt 24 1.982(
Labrida¢ Coris batuens 27 0.060:
Labridae Halichoeres spp. 23.75* 0.0212
Labrida¢ Halichoeres prosopei 28 0.4557
Labrida¢ Halichoeres richmon 29 0.025¢
Labridae Halichoeres spp. 23.75* 0.0196
Labridae Labrichthys unilineatt 27 0.277:
Labrida¢ Labroides bicolc 25 0.096:
Labridae Labroides dimidiatus 24 0.1807
Labrida¢ Labropsis xanthono 24 0.010:"
Labrida¢ Macropharyngodon meleag 30 0.347¢
Labridae Novaculichthys taeniourus 35 0.1478
Labridae Oxycheilinus celebict 32 0.004¢
Labridae Pseudocoris yamashi 26 0.049:
Labridae Pseudodax moluccanus 35 0.3822
Labrida¢ Stethojulis bandanen: 25 0.059¢
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Labridae
Labridae
Labridae
Labridae
Lethrinidae
Lutjanidae
Lutjanidae
Monacanthidae
Monacanthidae
Mullidae
Mullidae
Mullidae
Mullidae
Nemipteridae
Pomacanthidae
Pomacanthidae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Serranidae
Serranidae

Stethojulis strigiventer
Thalassoma amblycephalum
Thalassoma lunare
Thalassoma quinquevittatum
Gnathodentex aurolineatus
Lutjanus biguttatus
Lutjanus gibbus
Amanses scopas
Cantherhines pardalis
Parupeneus bifasciatus
Parupeneus spp.
Parupeneus multifasciatus
Parupeneus pleurostigma
Scolopsis margaritifer
Apolemichthys trimaculatus
Pomacanthus navarchus

Acanthochromis polyacanthus

Amblyglyphidodon aureus

Amblyglyphidodon leucogaster

Amphiprion clarkii
Chromis weberi
Chromis xanthochira
Chromis xanthura
Dascyllus reticulatus
Dascyllus trimaculatus
Neoglyphidodon melas
Neoglyphidodon nigroris
Pomacentrus moluccensis
Stegastes gascoynei
Stegastes spp.
Calotomus carolinus
Chlorurus bleekeri
Chlorurus pyrrhurus
Hipposcarus longiceps
Scarus dimidiatus
Scarus flavipectoralis
Scarus forsteni

Scarus frenatus

Scarus oviceps

Scarus quoyi

Scarus spinus
Cephalopholis leopardus
Diploprion bifasciatum

25
32
35
27
29
24
32
30
33
30
33+
30
29
25
31
32
25
24
24
32
25
25
26
25
26
29
24
25
26
26+
35
33
25
29
29
29
35
24
27
29
25
28
29

0.0061
0.1217
0.4007
0.0239
15.5337
0.3031
258.0318
0.0713
0.0149
5.0068
8.0798
2.9440
0.0224
0.2562
0.1297
0.4162
9.4741
0.2860
11689
1.1349
0.7488
0.2859
6.3538
0.9045
0.3593
0.4599
16.2043
2.8391
0.4542
0.0399
0.1971
7.3324
9.2043
132.3466
2.4359
0.3729
11.4253
6.4976
1.4516
1.0246
0.7426
0.0447
0.1157
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Serranidae Epinephelus melanostigma 34 0.0387
Serranidae Epinephelus spilotoceps 34 0.1451
Serranidae Variola albimarginata 29 0.2209
Siganidae Siganus corallinus 30 0.0613
Siganidae Siganus lineatus 25 47.3128
Siganidae Siganus puellus 26 2.7992
Siganidae Siganus punctatissimus 30 0.3153
Tetraodontidae Arothron nigropunctatus 31 0.2507
Total 729.95

* Average vulnerabililty score within Genus used#&ese fish not identified to species
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Fish species of high vulnerability

Family Species Vulnerability Biomass (kg/ha./site)
Acanthurida Acanthurus bloch 38 0.163:
Acanthuridae Acanthurus fowleri a7 0.5765
Acanthurida Acanthurus ma 39 15.311:
Acanthurida Acanthurus xanthopter 37 2.649¢
Acanthuridae Naso hexacanthus 41 42.4215
Acanthurida Naso spg 41.25° 11.841:
Acanthurida Naso unicorni 57 14.507:
Acanthuridae Zebrasoma scopas 66 5.4352
Acanthurida Zebrasoma veliferu 37 0.883"
Balistidae Balistoides conspicillu 38 0.721¢
Balistidae Balistoides viridescens 53 36.0977
Balistidae Odonus nige 38 13.551°
Chaetodontide Chaetodon melannot 47 0.055¢
Chanidae Chanos chanos 76 10.0704
Haemulida Plectorhinchus albovittat 67 7.319¢
Haemulida Plectorhinchus chaetonoide: 54 2.556¢
Haemulidae Plectorhinchus chrysotaenia 49 0.3832
Haemulida Plectorhinchus lineat 37 24.188:!
Haemulida Plectorhinchus sp 53.6* 0.224*
Haemulidae Plectorhinchus vittatus 61 17.0489
Holocentrida Sargocentron spiniferu 41 0.504:
Labrida¢ Anampses caeruleopuncte 43 0.056:
Labridae Anampses neoguinaicus 36 0.0308
Labridae Bodianus dian 4C 0.134¢
Labridae Cheilinus chlorourt 4€ 0.123:
Labridae Cheilinus fasciatus 54 4.8089
Labrida¢ Cheilinus undulatt 74 22.723t
Labrida¢ Cheilio inermit 6C 0.004:
Labridae Coris gaimard 41 0.5248
Labridae Epibulus insidiatc 61 1.050¢
Labridae Gomphosus varit 45 0.450¢
Labridae Hemigymnus fasciatus 62 0.3629
Labrida¢ Hemigymnus melapter 64 0.7457
Labrida¢ Hologymnosus annulat 41 0.008:"
Labridae Hologymnosus spp. 41* 0.0205
Labridae Oxycheilinus diagrammi 54 0.813¢
Lethirinidae Monotaxis grandocul 42 192.685:
Lethrinidae Lethrinus erythropterus 37 0.7211
Lethrinidae Lethrinus olivacet 4C 0.767:
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Lethrinidae
Lethrinidae
Lethrinidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Monocanthidae
Monocanthidae
Mullidae
Mullidae
Mullidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae

Lethrinus rubrioperculatus
Lethrinus spp.

Lethrinus xanthochilus
Aphareus furca

Aprion virescens

Lutjanus argentimaculatus
Lutjanus bohar

Lutjanus monostigma
Macolor macularis
Macolor niger

Macolor spp.
Symphorichthys spilurus
Aluterus scriptus
Cantherhines dumerilii

Mulloides flavolineatus

Parupeneus barberinus

Parupeneus cyclostomus
Pomacanthus imperator
Pomacanthus semicirculatus
Pomacanthus sexstriatus
Pomacanthus xanthometopon
Pygoplites diacanthus
Bolbometopon muricatum
Cetoscarus bicolor
Chlorurus microrhinos
Scarus ghobban

Scarus prasiognathos
Scarus rivulatus

Scarus rubroviolaceus
Scarus schlegeli
Aethaloperca rogaa
Anyperodon leucogrammicus
Cephalopholis argus
Cephalopholis cyanostigma
Cephalopholis miniata
Cephalopholis spp.
Cromileptes altivelis
Epinephelus corallicola
Epinephelus fasciatus
Epinephelus spp.
Plectropomus areolatus
Plectropomus laevis
Plectropomus leopardus

40
43.5*
57
36
61
60
69
40
39
46
42,5
39
70
39
39
40
36
50
50
41
36
38
67
58
41
37
39
39
52
38
49
52
49
36
61
43.5*
54
41
46
35.6*
56
72
51

1.5256
13.6711
0.6482
0.6353
6.8274
0.2661
204.2151
0.2762
120.9320
78.8201
24.3949
0.2488
1.2908
0.0657
0.3218
2.4638
1.1200
2.1887
0.5212
3.4934
0.5212
3.0100
233.3674
3.0512
21.1597
0.8547
4.6046
1.0140
5.4201
1.1600
0.3538
0.2756
0.6027
0.3995
0.0676
0.0138
0.0309
0.1190
0.0716
0.1943
3.7583
1.2491
1.2954
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Serranidae Plectropomus oligacanthus 56 0.3693

Serranidae Plectropomus spp. 58.75* 0.5982
Serranidae Variola louti 49 9.2550
Total 1189.29

* Average vulnerabililty score within Genus used&ese fish not identified to species
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APPENDIX 4: LIST OF FISH INCLUDING FUNCTIONAL GROUPING, AND WHETHER

THEY ARE FISHERIES SPECIES USED IN CHAPTERZ2B

Family Species Piscivore Herbivore Fisheries Species
Acanthuridae Acanthurus blochii 0 1 1
Acanthuridae Acanthurus fowleri 0 1 1
Acanthuridae Acanthurus lineatus 0 1 1
Acanthuridae Acanthurus mata 0 0 1
Acanthuridae Acanthurus nigricans 0 1 0
Acanthuridae Acanthurus nigricauda 0 1 1
Acanthuridae Acanthurus nigrofuscus 0 1 0
Acanthuridae Acanthurus nubilis 0 0 0
Acanthuridae Acanthurus olivaceus 0 1 0
Acanthuridae Acanthurus pyroferus 0 1 0
Acanthuridae Acanthurus spp. 0 1 1
Acanthuridae Acanthurus thompsoni 0 0 0
Acanthuridae Acanthurus xanthopterus 0 1 1
Acanthuridae Ctenochaetus binotatus 0 0 1
Acanthuridae Ctenochaetus cyanocheilus 0 0 1
Acanthuridae Ctenochaetus striatus 0 0 1
Acanthuridae Ctenochaetus tominiensis 0 0 1
Acanthuridae Naso brevirostris 0 0 1
Acanthuridae Naso hexacanthus 0 0 1
Acanthuridae Naso lituratus 0 1 1
Acanthuridae Naso spp. 0 0 1
Acanthuridae Naso unicornis 0 1 1
Acanthuridae Zebrasoma scopas 0 1 0
Acanthuridae Zebrasoma veliferum 0 1 0
Acanthuridae Aulostomus chinensis 1 0 0
Balistidae Balistapus undulatus 0 0 1
Balistidae Balistoides conspicillum 0 0 0
Balistidae Balistoides viridescens 0 0 1
Balistidae Melichthys vidua 0 0 0
Balistidae Odonus niger 0 0 0
Balistidae Pseudobalistes flavimarginatus 0 0 1
Balistidae Sufflamen bursa 0 0 0
Balistidae Sufflamen chrysopterus 0 0 0
Balistidae Xanthichthys auromarginatus 0 0 0
Chaetodontidae Chaetodon auriga 0 0 0
Chaetodontidae Chaetodon baronessa 0 0 0

189



Chaetodontidae

Chaetodon bennetti

Chaetodontidae Chaetodon citrinellus
Chaetodontidae Chaetodon ephippium
Chaetodontidae Chaetodon kleinii
Chaetodontidae Chaetodon lunula
Chaetodontidae Chaetodon melannotus
Chaetodontidae Chaetodon meyeri
Chaetodontidae Chaetodon ocellicaudus
Chaetodontidae Chaetodon ornatissimus
Chaetodontidae Chaetodon oxycephalus
Chaetodontidae Chaetodon pelewensis
Chaetodontidae Chaetodon rafflesi
Chaetodontidae Chaetodon reticulatus
Chaetodontidae Chaetodon semeion
Chaetodontidae Chaetodon speculum
Chaetodontidae Chaetodon trifascialis
Chaetodontidae Chaetodon trifasciatus
Chaetodontidae Chaetodon ulietensis
Chaetodontidae Chaetodon unimaculatus
Chaetodontidae Chaetodon vagabundus
Chaetodontidae Coradion chrysozonus
Chaetodontidae Forcipiger flavissimus
Chaetodontidae Heniochus chrysostomus
Chaetodontidae Heniochus monoceros
Chaetodontidae Heniochus singularius
Chaetodontidae Heniochus varius
Cirrhitidae Cirrhitichthys falco
Cirrhitidae Paracirrhites arcatus
Cirrhitidae Paracirrhites forsteri
Haemulidae Plectorhinchus albovittatus
Haemulidae Plectorhinchus chaetodonoides
Haemulidae Plectorhinchus chrysotaenia
Haemulidae Plectorhinchus lineatus
Haemulidae Plectorhinchus spp.
Haemulidae Plectorhinchus vittatus
Holocentridae Sargocentron spiniferum
Kyphosidae Kyphosus spp.

Labridae Anampses caeruleopunctatus
Labridae Anampses meleagrides
Labridae Anampses heoguinaicus
Labridae Anampses twistii

Labridae Bodianus diana

Labridae Bodianus mesothorax
Labridae Cheilinus chlorourus
Labridae Cheilinus fasciatus
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Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae

Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae

Cheilinus oxycephalus
Cheilinus undulatus
Cheilio inermis
Cirrhilabrus punctatus
Coris batuensis

Coris gaimard
Diproctacanthus xanthurus
Epibulus insidiator
Gomphosus varius
Halichoeres biocellatus
Halichoeres chrysus
Halichoeres hortulanus
Halichoeres marginatus

Halichoeres melanurus
Halichoeres

nebulosus/margaritaceus/miniatus

Halichoeres prosopeion
Halichoeres richmondi
Halichoeres scapularis
Halichoeres spp.
Hemigymnus fasciatus
Hemigymnus melapterus
Hologymnosus annulatus
Hologymnosus sp
Labrichthys unilineatus
Labroides bicolor

Labroides dimidiatus
Labroides pectoralis
Labropsis alleni

Labropsis australis
Labropsis xanthonota
Macropharyngodon meleagris
Macropharyngodon negrosensis
Novaculichthys taeniourus
Oxycheilinus celebicus
Oxycheilinus diagrammus
Pseudocheilinus evanidus
Pseudocheilinus hexataenia
Pseudocoris yamashiroi
Pseudodax moluccanus
Stethojulis bandanensis
Stethojulis strigiventer
Stethojulis trilineata
Thalassoma amblycephalum
Thalassoma hardwicke
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Labridae
Labridae
Lethrinidae
Lethrinidae
Lethrinidae
Lethrinidae
Lethrinidae
Lethrinidae
Lethrinidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Malacanthidae
Malacanthidae
Malacanthidae
Malacanthidae
Malacanthidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Mullidae
Nemipteridae
Nemipteridae
Nemipteridae
Ostracidae
Ostracidae
Pinguipedidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae

Thalassoma lunare
Thalassoma quinquevittatum
Gnathodentex aurolineatus
Lethrinus erythropterus
Lethrinus olivaceous
Lethrinus rubriopeculatus
Lethrinus spp.
Lethrinus xanthochilus
Monotaxis grandoculis
Aphareus furca
Aprion virescens
Lutjanus argentmaculatus
Lutjanus biguttatus
Lutjanus bohar
Lutjanus fulvus
Lutjanus gibbus
Lutjanus monostigma
Lutjanus semicinctus
Macolor macularis
Macolor niger
Macolor spp.
Symphorichthys spilurus
Aluterus scriptus
Amanses scopas
Cantherhines dumerilii
Cantherhines pardalis
Oxymonacanthus longirostris
Mulloides flavolineatus
Mulloides vanicolensis
Parupeneus barberinus
Parupeneus bifasciatus
Parupeneus bifasciatus/trifasciatus
Parupeneus cyclostomus
Parupeneus multifasciatus
Parupeneus pleurostigma
Scolopsis affinis
Scolopsis bilineatus
Scolopsis margaritifer
Ostracion cubicus
Ostracion meleagris
Parapercis miillipunctata
Apolemichthys trimaculatus
Centropyge bicolor
Centropyge bispinosus
Centropyge vroliki
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Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae

Pomacanthus imperator
Pomacanthus navarchus
Pomacanthus semicirculatus
Pomacanthus sexstriatus
Pomacanthus xanthometopon
Pygoplites diacanthus
Abudefduf vaigiensis
Acanthochromis polyacanthus
Amblyglyphidodon aureus
Amblyglyphidodon curacao
Amblyglyphidodon leucogaster
Amphiprion chrysopterus
Amphiprion clarkii

Amphiprion leucokranos
Chromis acares

Chromis alpha

Chromis amboinensis
Chromis atripes

Chromis delta

Chromis lepidolepis

Chromis lineata

Chromis margaritifer

Chromis retrofasciata
Chromis spp.

Chromis ternatensis

Chromis weberi

Chromis xanthochira

Chromis xanthura

Chrysiptera flavipinnis
Chrysiptera parasema
Chrysiptera rex

Chrysiptera rollandi
Chrysiptera talboti

Dascyllus reticulatus
Dascyllus trimaculatus
Neoglyphidodon melas
Neoglyphidodon nigroris
Plectroglyphidodon dickii
Plectroglyphidodon lacrymatus
Pomacentrus adelus
Pomacentrus amboinensis
Pomacentrus bankanensis
Pomacentrus brachialis
Pomacentrus coelestis
Pomacentrus grammorhynchus
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Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae

Pomacentrus lepidogenys
Pomacentrus moluccensis
Pomacentrus nagasakiensis
Pomacentrus nigromanus
Pomacentrus philippinus
Pomacentrus reidi
Pomacentrus vaiuli
Stegastes gascoynei
Stegastes spp.
Bolbometopon muricatum
Calotomus carolinus
Cetoscarus bicolor
Chlorurus bleekeri
Chlorurus microrhinos
Chlorurus pyrrhurus
Chlorurus sordidus
Hipposcarus longiceps
Scarus chameleon

Scarus dimidiatus

Scarus flavipectoralis
Scarus forsteni

Scarus frenatus

Scarus ghobban

Scarus niger

Scarus oviceps

Scarus prasiognathos
Scarus psittacus

Scarus quoyi

Scarus rivulatus

Scarus rubroviolaceus
Scarus schlegeli

Scarus spinus

Scarus spp.

Anyperodon leucogrammicus
Cephalopholis argus
Cephalopholis cyanostigma
Cephalopholis leopardus
Cephalopholis miniata
Cephalopholis spp.
Cephalopholis urodeta
Cromileptes altivelis
Diploprion bifasciatum
Epinephelus corallicola
Epinephelus fasciatus
Epinephelus melanostigma
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Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Siganidae
Siganidae
Siganidae
Siganidae
Siganidae
Siganidae
Siganidae
Siganidae
Synodontidae
Tetraodontidae
Tetraodontidae
Tetraodontidae
Zanclidae

Epinephelus merra
Epinephelus spilotoceps
Epinephelus spp.
Luzonichthys waitei
Plectropomus areolatus
Plectropomus laevis
Plectropomus leopardus
Plectropomus oligacanthus
Plectropomus spp.
Pseudanthias dispar
Pseudanthias huchti
Pseudanthias spp.
Pseudanthias tuka
Variola albimarginata
Variola louti

Siganus argenteus
Siganus corallinus
Siganus doliatus
Siganus fuscescens
Siganus lineatus
Siganus puellus
Siganus punctatissimus
Siganus vulpinus
Synodus spp.

Arothron nigropunctatus
Canthigaster papua
Diodon sp

Zanclus cornutus
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APPENDIX 5: X, Y PLOTS OF STANDARDISED APROXIMATE DRIVERS AND

DIVERSITY AND FUNCTION, AND B) DISTAL AND PROXIMATE DRIVERS
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APPENDIX 6: SURVEY USED TO ELICIT FISHER AND MIDDLEMEN PERCEPTIONS

Field Survey questionnaire
Tom Brewer
PhD field period in Solomon Islands

Survey ID:

Time of day:

Surveyor name:

Date:

Halo, nem blo mi Tom, and dis wan hem Joe, hem bai helpem mi for save lelebt lo langus
blo yu. Mi wanfala Scientist lo James Cook University lo Australia and mi doim study for

fisheries department lo Solomon Islands.

Mi laik aaskem yu lo samfala tingting blo yu aboutem solwata fisheries lo Solo (SI).
Tufala main part lo survey blo mi aboutem fish markets and oketa samting wea save

mekem gud or spoilem risoses blo yufala.

Bai mi no talem nem blo yu lo report blo mi bata bai mi usim oketa totok blo yu wetem
oketa nara answers in sait lo riport. Hem nomoa and mi laik tok tangiu tumas for tekem

taim blo yu for sidaun lelebet and stori wetem mi.Hem orait for totok dis time?

A: Demographics (ALL RESPONDENTS)
8. Gender (M /F)

9. What s your age?
10.Where do you live?

11. Province: Ward: Village:
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12.Were you born in the village that you now live in? (Y/N)
13.1f no then where were you born?
14.Nation
15.Province :
16.Ward :
17.Village:
18.What age were you when you moved to this village?

19. Why did you move to this village?

20.How many years of education have you received?
21.How many adults in your household?:
22.How many children live in your household?:
23.Are you married? (Y/N)

24. Are you the head of your household?(Y / N)

25.Do the children in your household go to school? (Y / N)
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B: Fishing Gear (Artisanal and subsistence fishers)

| would like to know what sort of fishing gear you use to fish and how important it is to your fishing

26. Which of the following do you use for fishing or fishing related activities such as

transporting fish to markets? (

How How
Use? many Use? many
do you do you
Gear own? own?
Transport and storage Fishing Gear
Car/Truck (taraka) /Tractor Mask

Taxi

Dive torch (Dive tos)

Public Transport (boat/bus)

Poison rope (Poisin)

Outboard engine

Fishing line

Fibreglass boat

Deep sea line

Wooden Canoe

Fishing net

Esky (size)

Hand spear / sling

Other

Spear gun

C) Is your outboard currently working? (Y/N)

What size is your outboard motor (hp)?

Fins / flippers

Dynamite

Other:
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C: Market chain analysis & target species (Artisanal fishers and middlemen)

Where do you catch or buy reef fish?

PR.

Ward

Place /

Village

How many
years have
you been
catching /
buying reef

fish here?

How many
kilograms of
reef fish do you
catch or buy on
agood/
average /bad

trip?

How often do
you catch /
buy reef fish
here (days
per fortnight)

What
transport do
you normally
use to catch
or buy reef

fish here?

Who catches
the reef fish
that you

sell?

If you do not
catch the
fish, what
price do you
pay for the
reef fish / kg

Why do you catch /
buy fish here?
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Reef fish Sale
27.

here do you sell reef fish?

PR. Ward

Place

How
many
years
have you
been
selling

fish here?

How many

kilograms of reef

fish do you sell

on

good/average/b

ad trip?

How often do
you sell reef

fish here on a
good/average

/ bad month)

What
transport do
you normally
use to get
your reef fish
to this

market?

What
price do
you get
per kg for
fresh reef

fish?

What
price do
you get
per kg for
fresh reef

fish?

How much
profit do you
make on an

average trip?

Why do you sell

fish here?
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Market

Do you
useice
to keep
fish

fresh?

Where do
you get

your ice?

How much
do you use
for 1 esky for
atripto

market?

How
much do
you pay
for ice for

1 esky?

What do you think fisheries should do to make

the market better?

28.Do you try to catch/buy particular fish to sell? (Y / N)

29.If yes which fish? (Use fish id book)

Type

Local

name

Common

name

Latin name

Why do you target
this fish?

Where do you

sell this fish?

30. Are you satisfied with the money you make from selling reef fish? (Y / N)

31.Would you like to make more money from selling fish? (Y / N)

32.If yes, then what could you do to increase the amount of money you make

from selling fish?
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33. If yes (to 24) then what is another way to make more money from selling fish

without spending your own money?

34.Why don’t you do this now?
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D: Livelihoods (ALL RESPONDENTS)

35. What activity do you spend most of your time doing?

36. What activities do people in your household do for food and income?

Activity

Check if

yes

# of people

Rank of importance for

income

Fishing (Fishing)

Gleaning

Gardening

Selling reef fish

Selling other marine resources

Selling garden products

Informal economic activity (e.g. selling

cigarettes)

Government Employee

Other salaried employment (regular pay

Tourism

Other

E : Perceived causes of resource condition change, and impacts and response. (ALL

RESPONDENTS)

37.What can affect the number of fish on the reef?

38. What can affect the number of beche-de-mer on the reef?
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F: Recommendations (ALL RESPONDENTS)
39. What do you think people fishing should do to increase the number of fish on the

reef?

40.What do you think village leaders should do to increase the number of fish on

the reef?

41. What do you think the church should do to increase the number of fish on the

reef?

42.What do you think fisheries centres should do to increase the number of fish on the

reef?

43. What do you think provincial governments should do to increase the number of

fish on the reef?

44, What do you think the ministry of fisheries should do to increase the number of fish

on the reef?

45. What do you think NGO’s and other international organizations should do to

increase the number of fish on the reef?
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