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Abstract

The primary objective of this thesis is to inveatgthe impact of environmental regulations
on stakeholder interaction with marine and coastakystems as well as provide a thorough
treatment of the contrasts in stakeholder and 8fienattitudes toward ecosystem
management. With respect to stakeholder interagtitmmarine and coastal ecosystems, the
focus is mainly on the behavioural response ofefisten to regulatory changes in fishery
policy, but an emphasis is also placed on morersiévaetakeholder groups in ecologically
important and remote coastal areas, especiallyhiasrélates to contrasting ideologies on
ecosystem management. The analysis is carried rotlhree separately framed research

papers, each applying separate empirical methoslog

The first paper considers the impact of changespecies quotas on a fishing fleet's
harvesting behaviour in a multi-species fishery dpproximating the fleet's objective
function using the expected utility hypothesis g@adtfolio theory. This approach allows the
impact of quota changes on the composition of #texal species harvest portfolios to proxy
for the impact of quota changes on fleet's actuehined species catch. The paper
contributes to the literature by applying a relelyvnovel methodology in fisheries research
(portfolio theory) to fisheries, using this apprbdo estimate the impact of quota changes on
fleet behaviour. The results indicate that the cibje function of the fleets under study were
well approximated using the expected utility hymsils and portfolio theory. Results also
suggested that large quota changes lead to sigmifiamounts of displaced effort to be
redirected toward the harvest of alternative sygetiea multi-species fishery, or indeed, in

neighbouring fisheries.



The second paper demonstrates an application shd&iBortfolio Analysis (BPA); a novel
adaptation of financial portfolio theory for ecosym management. This is a spatially
orientated framework which uses Geographical Infdrom Systems (GIS) and surveys local
stakeholders and agencies on their attitudes toe@odystem risks and benefits across space
and habitat types and uses this information tosassicoastal management decisions. The
paper’s contribution to the literature is its usesorvey techniques to quantify the extent of
the ‘attitude gap’ between scientists and localredmalders with respect to the optimal
management of coastal and marine areas. The refgtged that BPA was a useful tool for
coastal managers to use when wishing to assesaatmesources of ecosystem services and
threats in a given area, particularly if needingdtoso across interest groups. Furthermore,
the results empirically supported earlier commeasam the literature which stressed the

degree of incoherence in the EU principles of Irdegp Coastal Zone Management (ICZM).

Paper 3 assesses the impact of changes to muiéspgaota constraints on the fishing
location choice of demersal otter trawlers in Ingaters. The paper uses spatial mapping of
fishing locations in Irish waters and records dhimeed species catches within each area to
create a spatial picture of demersal otter trashifig intensity around Ireland. The paper’s
contribution of this paper to the literature is ttlitacombines Vessel Monitoring System
(VMS) fisheries data and econometric choice moaglimethods to assess the spatial
response of fishermen to policy changes. Overadlults indicate that quota changes have a
significant impact on the fishing location choiadisplacing effort and redirecting it to

alternative fishing sites
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1. Introduction

The primary objective of this thesis is to inveatgthe impact of environmental regulations
on stakeholder interaction with marine and coastalsystems, primarily with respect to the
fishing industry. A further objective is to providedetailed understanding of the gap between
stakeholder and scientific attitudes to managenoértoastal and marine ecosystems and
their derivative services. Beyond establishing atext for this thesis and detailing the types
of services that marine and coastal ecosystemsdareociety, this chapter is concerned with
providing justification for the overall researchegtions of this thesis. Section 1.1 provides a
description of ecosystems services. Section 1.2eo@s the contrasting origins of ecosystem
management and fisheries management. Section &v8dps an overview of the research
objectives and how these objectives have been \ahithrough three separate empirical
papers. Section 1.4 outlines the structure of Hesis. Thesis outputs such as papers and

public presentations are provided in section 1.5.

1.1. Context: Ecosystem Services

According to de Groot et al. (2002), ‘early referes to the concept of ecosystem functions,
services and their economic value date back tartlie1960s and early 1970s (e.g. King,
1966; Helliwell, 1969; Hueting, 1970; Odum and Odub®72)’. Economic policy and

analyses often focus on services for which theransimmediately apparent economic
market; for example food provisioning, fossil fupfoduction, timber harvesting etc.

However the flow of benefits provided to society bgtural capital extends far beyond
ecosystem outputs intended for economic markets. mhlennium ecosystem assessment
(MA, 2005) built on previous research into ecosysteervices (e.g. Costanza et al. 1997,
Daily, 1997; Daily et al. 2000; de Groot et al. 2D@Gnd involved the work of 1300

scientists around the world to define what is nowe of the most widely used classification

1



of ecosystem services. Within this classificatitvere exist four categories of ecosystem
service: provisioning services, regulating servjiaestural services and supporting services,

each of which is broken down into further subsétseovices shown in Table 1.1

Table 1.1: Millennium assessment classification @cosystem services

Regulating
Provision Services Services Cultural Services
Benefits obtained
Products obtained from from regulation of Nonmaterial benefits obtained
ecosystems ecosystem services from ecosystems
> Food > Climate regulation | > Aesthetic
> Fresh water >Disease regulation > Recreatioreantburism
> Fuelwood > Water regulation > Aesthetic
> Fibre >Water purification > Inspirational
> Biochemicals >Pollination > Educational
> Genetic resources > Sense of place
> Cultural heritage

Supporting Services
Services necessary for the production of all other ecosystem services

> Soil formation > Nutrient cycling > Primary praction
Source: From MA (2005).

Provisioning services account for physical prodwtttined from ecosystems like fish, fresh
water and fuel-wood, regulating services play aatic and environmental regulatory role
and cultural services provide a host of non-matdsenefits. In turn, all three of these

categories are reliant on supporting services, hvdiffer from provisioning, regulating and

cultural services in that their impacts on peopke ather indirect (and operate through their
effect on regulating services) or occur over a @eng time. For example while humans do
not directly use soil formation services, changethis service would indirectly affect society

through an impact on the provisioning service @doOf particular note is the fact that more

' The full description of the breakdown of ecosystem services within each of the four main categories in the
classification is shown in Appendix A.



immediate provisioning services are often betteteustood by the public, for example those
in coastal zones and near-shore marine areas bast array of ecosystem services come

from less accessible areas, such as the deepssgdac@mented by Armstrong et al. (2012).

Any discussion of ecosystem services must alsoidenthe role of biodiversity, for the two
are inextricably linked; ecosystems are the prod@iatteraction between the Earth’s various
life forms, physical geographies and atmospherge ON convention on biological diversity
(CBD) defines an ecosystem as a ‘dynamic compleplaft, animal and micro-organism
communities and their non-living environment, iatding as a functional unit’ (MA, 2005).
Biodiversity is defined as ‘the variability amonygihg organisms from all sources including,
inter alia, terrestrial, marine and other aquatic ecosystanasthe ecological complexes of
which they are part; this includes diversity withspecies, between species and of
ecosystems’ (MA, 2005). Biodiversity is thus a stumal feature of ecosystems and the
variability of ecosystems is an element of biodsitgr The strength of this link for different
ecosystems is critical in understanding how antbgepic impacts on biodiversity affect

ecosystem functioning and the supply of ecosystmices to society (Loreau et al, 2002).

Since its conceptual evolution in the 1960s andd$Qmtil the term was first officially used
by Ehrlich and Mooney (1983), ecosystem servicas émerged as a substantial area of
interdisciplinary research. De Groot et al. (2068%cribe an ‘almost exponential growth in
publications on the benefits of natural ecosystegmduman society’. In the inaugural
publication ofEcosystem ServiceSpstanza and Kubiszewski (2012) claim it is nowell-
defined and active enough field of research to avdrits own academic journal’, having, as
of January 2011, generated over 2400 papers dnec@290s. As a newly emerging area of

research, a great many papers on this issue haseplgd both philosophically and



methodologically with the valuation of ecosystemviemes (e.g. Daily 1997; Daily et al.
1997; Postel et al. 1997; Loomis et al. 2000; Qusta2000; Fisher and Turner 2009). Many
others have attempted to quantify the impact of &unactivities on ecosystem health,
functioning and services by addressing losses odibersity (e.g. Worm et al. 2006;
Balvanera et al. 2006; Nelson et al. 2009; LuckleR003). Of critical importance for these
latter studies is defining a measure of biodivgrglhange that can be translated into a
measureable change in the supply of ecosystentssrviwhile evidence arising out of such
studies is established, it also incomplete; yetethe little doubt that the rate at which human
activities are causing losses to biodiversity andsgstem services is unprecedented and

unsustainable:

‘60% of the ecosystem services... ... are being degradedsed unsustainably,
including fresh water, capture fisheries, air anater purification, and the regulation of
regional and local climate, natural hazards and tgesThe full cost of the loss and
degradation of these ecosystem services are diffioumeasure, but available evidence

demonstrates that they are substantial and growing’
- MA (2005)

To stress the extent of the unsustainability of dberent human use of the earth’s natural

resources, below are a few of the findings of thiéelnium Assessment:

= More land was converted to cropland in the 30 ya#tes 1950 than in the 150 years
between 1700 and 1850 and cultivated systems noauat for 25% of the Earth’s
terrestrial surface;

= 20% of the Earth’s coral reefs have been lost afuther 20% have been degraded in

in last several decades of thé"2Dentury;



= Water withdrawals from lakes and rivers has doulsiede 1960 and 70% of this is
for agricultural use;

= Since 1960, flows of reactive nitrogen in terredtecosystems have doubled, while
flows of phosphorous have trebfed

= 60% of the increase in atmospheric concentratiorwasbon dioxide has occurred
since 1959;

= Genetic diversity, particularly for cultivated spes; has declined globally;

= Over the past few hundred years, the species éxim@ate has increased by as much

as 1,000, relative to the background rates tymittthe planet’s history.

The provisioning services of ecosystems are oftesd that are more immediately profitable
and demanded by society, creating a more immetieéntive to exploit them (MA, 2005).
This becomes problematic when less immediately r@ppaecosystem services like
regulatory and support services are negatively etgghin human interactions with the
natural environment. In economics, such a scenarreferred to as a negative externality:
i.e. where a market activity produces economicaedijuable output and this process has a
negative environmental impact for the rest of dyci@®ankiw, 2001). Viewed from this
perspective, human intervention in the natural mment since the industrial revolution,
and more pronouncedly since the mid?Zentury, has resulted in unprecedented increases

in the level of negative ecosystem externalities.

This trade-off between ecosystem services, pasityuprovisioning services with regulating,

cultural and support services, is at the hearhefissue of unsustainable use of ecosystems.

? Nitrates and phosphates are both used as fertiliser for arable and pasture agricultural land. Nitrates cause
various health effects in humans and animals and can change the composition of species in an ecosystem due
to susceptibility of certain organisms to the consequences of nitrogen compounds. Increasing phosphor
concentrations in surface waters increase eutrophication, which is an increase in the growth of phosphate-
dependent plants such as algae. These plants deplete oxygen and prevent sunlight from entering the water
making aquatic environments unsuitable for diverse species



One of the underpinnings of natural resource ecar®ms the neoclassical assumption of

near perfect substitutability The idea is that ratuesources and human-made capital are
substitutable for one another; as the resourcepeted so the physical capital stock can be
accumulated so as to substitute the resource iprtdiction process in such a way that there
is always enough output to hold consumption congi@arman et al, 2003). For example,

despite large-scale ecosystem degradation, theeqmmillm assessment also found that
changes made to the world’s ecosystems in recemidds have provided substantial benefits

for human well-being and national development (NB805).

However, as argued by Villamanga et al. (2013) tlow of an ecosystem service is not
sustainable when demand cannot be met by curreatitg or when meeting demand causes
undesirable declines in other services or in theréu provision of the same service'.

Neoclassical economic theory refers to such unswadigity as an inefficient or sub-optimal

allocation of resources (Perman 2003). Within théeology, renewable resources like
forestry and fisheries are only managed optimdllgxiraction of the resource in one period
cannot be increased without it being decreasedathar (essentially an optimal trajectory
over time of resource extraction). Hence bioecormomodels used in fisheries and forestry
economic research attempt to calculate a ratesuiuree extraction that allows the resource

to renew itself sufficiently enough for it to beteacted at the maximum level into perpetuity.

However, within the ecological sciences and inipalar, the field of ecological economics,
the matter is considered more complex due to thistemce of nonlinearities in the
relationships between human activities and the thbwcosystem services (e.g. Burkett et al.
2005; Costanza 1996; Barbier et al. 2008; Limburgl.e2002). Costanza (1996) argues that
‘complex systems are characterized by strong (lysunadnlinear) interactions among the
parts; complex feedback loops that make it diftictd distinguish cause from effect;

significant time and space lags; discontinuitigsesholds and limits; all resulting in the
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inability to simply add-up or aggregate small-sdaddaviour to arrive at large-scale results’.
This means that the complexity of ecological (asdnemic) systems make the impact of
human activities on ecosystems and the changesrtaceas that will arise, very difficult to

predict.

Given the inescapable reality that trade-offs betwdifferent ecosystem services must be
made, it is not surprising that the millennium asseent found that the net gains in human
well-being and economic development, that have lbeeaght about by significant alteration
of ecosystems, have been achieved at growing todfse form of degradation of many
ecosystem services. However, of more urgency isindeng that these man-made changes to
ecosystems are increasing the likelihood of noalirend potentially irreversible changes to
ecosystem functioning, for example, increased oisébrupt alterations in water quality, the
creation of ‘dead zones’ in coastal waters, théapsk of fisheries and shifts in regional
climate (MA, 2005). Furthermore, there is also tisk that if adjusting ecosystems to
procure provisioning services like food and fuehtioues at the current rate, a critical point
will be reached whereby the capacity of ecosystémprovide the regulating and supporting
services needed to maintain provisioning servitesiaent levels, will be undermined. One
example of this is the need for soil biodiversity trop nutrient-use efficiency, resistance
and resilience against stress and disturbance (@wiet al 2007). The relevance from a
fisheries and coastal management perspectivetisnilaagement decisions must seek to take
account of non-linearities and unpredictability@nosystem responses to human activities
and in economic agents’ responses to changes iiroamental policy. This issue is

addressed throughout the empirical chapters aadisninant theme of the thesis.



1.2. Modes of Marine and Coastal Ecosystem Based Management

1.2.1. Fisheries and Ecosystem Management

The previous section focused on the context in wkmosystem based management policy is
set, which is primarily characterised by the fdwttthe Earth’s ecosystem services and
natural capital are in a state of decline. Casdaret al. (1998) estimated the value of
these services to society to be worth in the regiddS$33trillion per year (with most of that

emanating out of non-market sources). Of thoseisEsy 63% were estimated to arise out
of marine and coastal ecosystems. It shoulddtednthat this figure has become highly
controversial amongst natural resource and enviemtah economists and more recent
valuations tender less controversial figures (dey.Groot et al. 2012). Nevertheless this
statistic echoes the findings of many studiest highlight the significant benefits society

accrues from marine and coastal ecosystems arldshef services that is taking place due
to their degradation (e.g. Barbier et al. 2009; NAQ5; de Groot et al. 2002; Duarte 2000;
Worm et al. 2006; Garcia 2003; Sutinen and Sob@di32 and many others). The importance
of these services for populations located alongltisl and European coastline prompts my
interest and research in this area. This chaptens taddresses the changing ideological
principles of marine and coastal management, agva paradigm of ecosystem based
management increasingly influences policy decisi@igote is the fact that the objectives of
management measures differ according to ecosysteenand the services that society and
policy-makers prioritise for any one ecosystempérticular, emphasis is placed upon the
fundamental differences between fisheries and eatesy management, and the newly

evolving fusion of these two concepts, ecosysteseddisheries management.



According to Garcia et al. (2003), ecosystem mameye is a derivative of wildlife
management, originating in range and forestry meamamt. Therefore its development
evolved in an arena where it was possible to dyeunbnitor and influence human activities,
and to manipulate habitat and population in spackage structure. As a result, ecosystem
management is area based and requires boundabesctearly and formally defined. Its aim
is to maintain ecosystems in the sustainable camditecessary to achieve desired social
benefits. It requires scientific information aselament in a decision-making process that is
fundamentally one of public and private choice Gast al. (2003). It is further defined by
some as ‘a management philosophy which focusesesiredl states rather than system
outputs and which recognises the need to protecesiore critical ecological components,

functions, and structures in order to sustain nessuin perpetuity’ (Cortner et al. 1994)

In contrast to the origin and development of ecesysmanagement, fisheries management
applied to a domain where the possibility of diréutervention (i.e. control of marine
ecosystems) was extremely limited, so that managestetegies had to focus on controlling
human activities as opposed to the ecosystem.ifBed best managers could do to interact
with the ecosystem was to observe proxies for tage ©f an otherwise opaque system and
fugitive resource, and use this information to Hert control fishing effort (Garcia at al.
2003). Garcia et al. (1995) state that ‘fisheriemnagement aims at optimising the use of
fishery resources as a source of human livelihdodd and recreation, dynamically
regulating fishing activity, meeting resource rethtobjectives or constraints, mainly
indirectly’. Clearly, this differs markedly from ¢hecosystem concept of management which
focuses on ‘desired states rather than system wutpuhile it is true that desired states are a
function of desired outputs and vice versa, the smedbility and tangible accessible
controllability of terrain based biomes allowed gomore direct intervention with ecosystem

states, while fisheries, historically, has triedaichieve desired states by controlling inputs



and outputs. Table 1.2 summarises the featuressemeimatic comparison of fisheries and

ecosystem management laid out by Garcia et al.3)200

Table 1.2: Schematic comparison between fisheries@ ecosystem management

Criteria

Fisheries management

Ecosystem management

Paradigm

Sector-based. Vertically integrateq
Focusing on target resource and
people.

.Area-based. Holistic. Loosely cross-
sectoral. Focusing on habitats and
ecosystem integrity.

Governance

Objectives
,',\lOt glwa'}/s coherent or transparer tA desired state of the ecosystem
Optimal" system output. Social . .
(health, integrity).
peace.
Scientific . . . . Less formalized. Less operational.
input Formalized (particularly in regiona| . i
o . . Often insufficient. Stronger role of
commissions). Variable impact. ;
advocacy science.
Decision- . .
maklinlg Most often top-down. Strongly Highly variable. Often more
influenced by industry lobbying. | participative. Strongly influenced by
Growing role of environmental environmental lobbies. Stronger use
NGOs. tribunals.
Role of the PR P ;
: Historically limited. Growing as :
media fisheries crisis spreads Stronger Use of the Media.
Regional
and global Central role of the Food and Central role of the Food and
institutions Agriculture Organization of the UN Agriculture Organization of the UN

and regional fishery bodies.

and regional fishery bodies.

Geographical
basis

A process of overlapping and
cascading subdivision of the ocea
for allocation of resources and
responsibilities.

A progressive consideration of larger
h Sscale ecosystems for more
comprehensive management, e.g. frg

specific areas to entire coastal zones

and Large Marine Ecosystems (LME).

m

o

Stakehc_)l_der Narrow. Essentially fishery Much broader. Society-wide. Often

and political . S :

b stakeholders. Progressively openingvith support from recreational and

ase ; : .

to other interests. small-scale fisheries.

Global Ramsar Convention, UN Conference

Instruments 1982 Law of the Sea Convention, | on Environment and Development an
UN Fish Stock Agreement and 1992 Agenda 21, Convention on
FAO Code of Conduct. Biological Diversity and Jakarta

Mandate.
Measures Protection of specified areas and

Regulation of human activity input
(gear, effort, capacity) or output
(removals, quotas) and trade.

s habitats, including limitation or
exclusion of extractive human
activities. Total or partial ban of some

human activities.

Source: (Garcia et al. 2003)
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1.2.2. Ecosystem based fisheries management and the picatany approach

Ecosystem based fisheries management (EBFM) hasdefmed as ‘an approach that takes
major ecosystem components and services - bothtstall and functional - into account in
managing fisheries... It values habitat, embracesilispecies perspective, and is committed
to understanding ecosystem processes... Its gtarébuild and sustain populations, species,
biological communities and marine ecosystems at hegels of productivity and biological
diversity so as not to jeopardize a wide rangeaaidg and services from marine ecosystems
while providing food, revenues and recreation fomans’ (US National Research Council,

1998).

Because fisheries and ecosystem management oedirfatr the purpose of managing
different ecosystem-types (one being aquatic assl dbservable than the other), combining
them into a single form of EBFM is challenging. pigs the emerging urgency for the
management of fisheries to be ecosystem basedhdhee environment remains an ‘opaque
system’ not easily incorporated into ecosystem meameent (which requires ‘scientific

information as an element in a decision-making @se). Some argue that the complexity of
marine ecosystems challenges the ability of scidncaccurately quantify the impact of
man’s activities on ecosystem services; Lauck (198&sits that ‘the data requirements
needed to validate any such model are vastly beyond current capacity... full

understanding and predictability of anything as ptax (and, we should add, unobservable)

as a marine ecosystem will forever remain a chimera

As a result of the uncertainty involved in managmgrine ecosystems and evidence of
significant declines in fish stocks from over fistji (Ludwig et al., 1993; Pauly et al., 1998;
Morato et al., 2006; Pauly et al., 2001; Paulylgt2903; Myers and Worm, 2003; Worm et
al., 2006) many fisheries scientists stress thd faea precautionary approach (Garcia 1994,
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Lauck et al. 1998; Charles 2002; Ludwig 2002; Weakd Parker 2002). The FAO expert

consultation on the Precautionary Approach to FisseManagement (FAO, 1996) establish

some of the key elements of the precautionary ampr.o

a)

b)

d)

9)

h)

It involves the application of prudent foresiglaking account of the uncertainties in
fisheries systems and the need to take actionimetbmplete knowledge;

It considers the needs of future generations aaatoidance of changes that are not
potentially reversible;

It requires prior identification of undesirable comes and of measures that will
avoid them or correct them promptly;

It requires that any necessary corrective measreesitiated without delay, and that
they should achieve their purpose promptly, omeesicale not exceeding two or three
decades;

It requires that where the likely impact of res@uuse is uncertain, priority should be
given to conserving the productive capacity ofriésource;

It requires that harvesting and processing capatityuld be commensurate with
estimated sustainable levels of resource, and itftaéases in capacity should be
further contained when resource productivity ishhyguncertain;

All fishing activities must have prior managementherization and be subject to
periodic review;

It recommends an established legal and institutiomamework for fishery
management, within which management plans thateémeht the above points are
instituted for each fishery and appropriate placem& the burden of proof by

adhering to the requirements above.

12



According to Sanchirico et al. (2008), many arghat tin the short term a precautionary
approach should involve the formation of large-sgabtected areas to deal with the inherent
risks in complex ecosystems; a form of insurandere the event to insure against is a stock
collapse. And indeed, some equate the formationrmafine protected areas, and the
precautionary approachith EBFM (Essington, 2001; Gerrodette et al., 2002)sfite such

calls, there is little guidance on hote operationalise the concepts of EBFM and the

precautionary approach in fisheries management{tdeo et al., 2008).

1.2.3. An alternate view of the state of fisheries andrthed for trade-offs

Ray Hilborn is one of a number of fisheries scwstithat offer an alternative view on the
status of fish stocks and the sustainability didises globally. During the 1990s and 2000s,
suggestions of extreme overexploitation of glolist stocks and irreversible degradation of
marine ecosystems received major media attentiodwig et al., 1993; Pauly et al., 1998;
Morato et al., 2006; Pauly et al., 2001; PaulyletZz®03; Myers and Worm, 2003; Worm et
al., 2006). In a presentation at the 2010 New ZehfBeafood Industry Conference, Hilborn
claimed that ‘this string of papers has had a vagnificant impact on [the] publics’,
journalists’ and even most scientists’ perceptiaibgut the state of fisheries’ (Hilborn, 2010).
He argued that many of the studies in question gatth data assembled by the FAO which
was a poor proxy for fish stock abundance, sinceesses in catch restrictions would appear
in analyses to be stock declines. Hilborn believldt calls for extreme conservation
measures in fisheries, from the public, journalestsl scientists were based on exaggerated

estimates of stock over-exploitation.
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Collaborating with many of the authors whose figdirhe had initially challenged, Hilborn
used scientifically designed surveys and fishesésck assessments from around the
developed world (as opposed to catch data) to estiglobal stock abundance (Worm et al.,
2009). The study joined ‘previously diverging pegstives to provide an integrated
assessment of the status, trends and solutionsanmenfisheries’ (Hilborn, 2010). The
findings indicated that for 5 of 10 well-studiedosgstems, the average exploitation rate had
recently declined and was at or below the rate ipted to achieve maximum sustainable
yield for 7 systems. While the results of the stsdggested that global fisheries were not as
overfished as previously argued, they also sugdes3&o of assessed fish stocks worldwide
required rebuilding, and even lower exploitatiotesawere needed to reverse the collapse of

vulnerable species.

The study recommended combining diverse managemeasures such as catch restrictions,
gear modifications and closed areas to reduce eapbm sufficiently. This would involve
reducing exploitation rates to levels below thosedpcing maximum sustainable yield
(MSY), resulting in fewer depleted species whilél stllowing fisheries to operate near
maximum economic Yyield but with less environmeimgbact. Where fishing activities were
excessively destructive on sensitive marine hahitiea closures were recommended along
with the need for technological development to oedthe by-catch of sensitive species.
While the concluding solutions and recommendatigese thus similar to the studies Hilborn
had criticised, the paper offered a more tempered wf states and trends in fisheries and
the urgency/extremity of management measures ejiir address problems. In particular,

the study addressed the reality that trade-offstéxithe management of marine ecosystems.

Hilborn (2010) states, ‘fishing is always going itopact the environment and we simply
have, as a society, to accept it; we can't taked flmm the ocean without reducing

biodiversity’. Hilborn is addressing the reality wade-offs in managing marine ecosystem
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services. In reality, finding the level of fisheeyploitation most desirable for society hinges
on determining the level of marine biodiversity dmabitat degradation society is willing to
sacrifice to procure the food provisioning servicels marine ecosystems. Thus, the
interpretation of EBFM in the academic communit@rsp two opposite spectrums; in one is
the idea that marine ecosystems are heavily uindeatt from fishing activities and therefore
management responses must be swift and extreméy(Pal., 2003; Myers and Worm,
2003; Worm et al., 2006). In the other is the idleat in many cases fisheries are on a
sustainable course and while further measuresdiaceeenvironmental impacts are required,
this trade-off in ecosystem services is part angtgbeof ecosystem management (Hilborn,

2010).

1.2.4. Integrated and behavioural fisheries management@gghes

While precautionary measures have the potentieédace the risk of irreversible damage to
the marine ecosystem and are sometimes essentiabriservation of sensitive species and
habitats (Garcia, 1994; Lauck et al., 1998; Ludwig0?2), top-down management decisions
that reduce the revenues of the fishing commumiylikely to be detrimental to stakeholder-
management relations and to jeopardize the willksgnof stakeholders to cooperate with
new legislative measures (Hilborn; 1985; Joned.e2814). Some argue that for EBFM to
achieve societal objectives it must incorporatendéegrated management (IM) approach(e.g.
Gilman, 2001; Done, 1998). The term integrated rganegent ‘implies the use of a
collaborative/participative approach involving thein stakeholders in a flexible, responsible
and transparent planning process, respectful dftiagi rights and duties’ (Garcia, 2003).

Furthermore it is based on ecosystem orientatedctbgs and the precautionary approach
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(Garcia, 2003). Its importance is noted in a recaport to the European Commission
Directorate General for Fisheries and Maritime A#awhich states: ‘the buy-in of the
fishing sector to new management initiatives iseet@d to be strongest where the sector has
been actively involved in developing the evideneséband where scientific data has been

open to scrutiny’ (Anon, 2010).

In addition to IM, Grafton et al. (2006) argue tlmt itself the ecosystem approach is not
sufficient to address inappropriate incentives ingaon fisher motivation. Clark (2006)

observes that most fishery failures are fully peceable on the basis of simple economic
principles and Hilborn (2011) claims that most &sks problems arise from a failure to
understand and manage fishermen, and that studlyeoflynamic behaviour of fishermen

should be a major part of fisheries research. Hilb@985) suggests that the collapse of
many fisheries can best be explained as the re$uthisunderstanding fisher behaviour,
rather than a lack of knowledge of fishery resosirééke Hilborn, others (Hanna and Smith
1993; Wilen et al. 2002) stress the need to unaledsthe nature of fishers’ operations and
responses to regulation or other stimuli in relatio their preferences in order to develop

efficient management schemes.

In large part, fisheries policy to date has beesetdan conventions developed in the field of
fisheries economics and capital theory from theOsQ&nwards (e.g. Gordon, 1954; Clark and
Munro, 1975; Munro 1979). Such work has predomilydren concerned with attempting to
determine the “optimal” harvest rate of a fishesmg a bioeconomic modelling approach.
The problem with this form of management is thahssumes policy makers and fishery
managers can successfully control fishery inputd aatputs to achieve desired targets.
However, repeated failures to constrain fisheryutapand outputs and account for the

response of fishermen to regulation have led torfleng and unforeseen negative
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environmental impacts of behavioural responseshemges in protective legislation (Salas

and Gaertner, 2004; Grafton et al., 2006; Clark&®™ilborn, 2011).

If fishery management decisions do not incorporfisbers’ behavioural responses to
regulatory changes, then the unpredicted ecosysigracts that arise from these changes in
human activity may undermine EBFM initiatives. Gaer et al. (1999) suggest that long-
term models, commonly used in fisheries assessmarly capture the rapid, short-term
changes generated by the decisions that fishers atadut where, when and what to fish for.
Therefore the short term responses of fishermeregalatory changes and the ecosystem
impacts that arise from these responses are oftd&mown when new regulations are
implemented, since managers generally make singpksisumptions about fishers’ nature

and attitudes when defining management policieléSand Gaertner, 2004).

As a result, behaviourally oriented fisheries reseaand the use of discrete choice
econometrics to investigate fishermen’s choicestgained in popularity (e.g. Mistiaen and
Strand, 2000; Smith, 2005; Ward and Sutinen, 198#son et al., 1999; Valcic 2008; Smith
et al., 2008; Eggert and Tvertas, 2004, and mangrs}. In this vein of research, economists
investigate the influence of economically releviadtors and the impact of policy changes
on fishermen’s choice(s) across a finite humbedis€trete options which fishermen have
available to them. This avenue of analysis is glssued in this thesis where in chapter 5 |
investigate the spatial fishing decisions of vesselthe Irish demersal otter trawl fishery

using the random utility model and Vessel monitgriata for the entire fleet.
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1.2.5. Coastal Management

As concepts of ecosystem based management devdigpedhe 1960s onwards (e.g. King,
1966; Helliwell, 1969; Hueting, 1970; Odum and Odura72), so too did the idea that such
concepts required a specialised application fostabazones. These ideas evolved into the
concept of integrated coastal zone management;M)d2gan to emerge in the scientific
and environmental literature of the 1970s (Bill808) and achieved international political
acceptance in the Rio Earth Summit of 1992. ltsettgyment reflected a growing awareness
of the need to take an integrated and ecosystesdlmsproach the management of coastal

areas:

‘ICZM aims for the coordinated application of théfelent policies affecting the
coastal zone related to activities such as nattoeegtion, aquaculture, fisheries, agriculture,
industry, off shore wind energy, shipping, tourispevelopment of infrastructure and
mitigation and adaptation to climate change. It wdintribute to sustainable development of
coastal zones by the application of an approachréspects the limits of natural resources

and ecosystems, the so-called ‘ecosystem baseabappr

In one respect, the merger of coastal and ecosystamagement is more straight-forward
than is the case for fisheries; terrain-based abasbsystems and the immediate coastline
are easier to manage in the spatial, environmegrntahtrolled historical format of land based
ecosystem management. However, coastal ecosystdinextsibit high levels of spatial and
temporal heterogeneity in their habitat and biataficharacteristics, and these latter
characteristics tend to be very sensitive to huaivities (Koch et al., 2009; Charton and
Ruzafa, 1999). High population density, diverseouese use and incongruent standalone

management policies make sustainable managemertoadtal ecosystems an equally
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complex task. In addition, the lack of sector-wideganisation and coherency in law,

management, regulation and control in the coasta Zurther complicates matters.

1.2.6. Summary of Ecosystem and Fisheries Management @isnce

Overall, there is consensus amongst policy makedssaientists that an ecosystem based
approach to management of marine and coastal emwents is required. However, because
of an entirely different historical basis and tcagey of development (see Fig 1.1), marrying
fisheries and ecosystem management into a singheafois a complex process, requiring
experimental approaches in both policy applicatonl scientific research. Already in the
debate among fisheries scientists, there are dwergdeas about the degree of
overexploitation of global fish stocks and whatais acceptable trade-off between food
provisioning and other marine ecosystem servicehileVEBFM and a precautionary
approach are proposed by many, there is little anagd on howo operationalise these
concepts. Integrated and adaptive fisheries managiernased on the behavioural dynamics
of fishers, is argued by some as key to the sucok$gsture fisheries policy. To this end,
research into behavioural responses to changesamagement regulations has become a
burgeoning field of fisheries economics (e.g. Misti and Strand, 2000; Smith, 2005; Ward

and Sutinen, 1994, and many others).

The situation for coastal ecosystem managementusilly complex, albeit for different
reasons. Integrated coastal zone management hageshas the primary policy mechanism
by which ecosystem based approached to coastalgmareat are evolving. However, ICZM
is currently a concept only and like EBFM, theréitite guidance on how it can be applied or
whether its principles form a coherent policy ingtent that can assist in overarching coastal

management policy (Billé, 2008).
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1.3. Overview of Research Objectives

Incorporation of ecosystem management into polimy development is a recent affair and
due to the complexity of ecosystem and human-behsaai dynamics there is as of yet no
real consensus on what form it should take. Thdlestge is even more pronounced for the
management of marine and coastal ecosystems wiedless observable and exhibit greater
spatial and temporal habitat and species heterdgethan terrain-based ecosystems. This
creates great demand for increased scientific staleling of these systems, but also for
research into the dynamics of human interactioin wiarine and coastal ecosystems as well
as management methodologies that can contribuae gcosystem based approach. Thus the
overarching objective of this thesis is to addh® growing literature on the incorporation of
novel ecosystem based approaches to marine anthlcoznagement, and through these

approaches, to identify pitfalls and critical barsi to socially optimal management.

To that end, the research has three main goalsshwéie addressed in three separate

empirical papers. Specifically, the research amrasnalyse:

1. The species-targeting behaviour of fishermen iruétirapecies fishery;
» Do single-species quota changes effect fishernspesies-targeting decisions
in a multi-species fishery?
* What are the wider ecosystem/multispecies impaasd how can
incorporating behavioural dynamics help to preveswgative/unforeseen

outcomes?

2. The strategic and local principles of ICZM,;
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» Given disparate scientific understanding of coastalsystems, do scientists
and local stakeholders exhibit different attitudewards coastal ecosystem
services and their sensitivity to human activities?

* To what extent do differences in scientific undamsiing undermine optimal

coastal zone management?

3. Fishermen’s spatial choices and displacement
* How do changes to multiple-species quotas in a dnikshery impact
fishermen’s fishing location choice?
» What repercussions does fishing displacement havecbsystem based goals,

such as by-catch and discard reduction and hatutegervation?

Novel methods are used to achieve this and in @ses, portfolio theory, a methodology
routed in financial economic research, is adoptedexplicitly incorporate the trade-off
between risks and benefits in decision-making @msese. The second research objective is
addressed using primary data collected from maand coastal scientists and local
stakeholders, specifically for this thesis. For tterd research objective, this thesis
demonstrates the first application of econometgcahd spatially orientated discrete choice
methods to satellite-based vessel-location date.sliigle theme that binds all three research
pieces is their focus on the dichotomy between ystemn management objectives and
stakeholder attitudes and behaviours and the cludléhis poses for sustainable marine and
coastal management. The specific objectives of tinésis, as they are addressed in the

individual papers, are outlined in more detailhe following paragraphs.
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1.4. Structure of thesis

The main objective of this thesis is to examine poéential use of novel ecosystem based
approaches for application to a number of differemtrine and coastal management
scenarios. With respect to fisheries, this is ddmye applying either optimisation or
econometric techniques to Irish fisheries dataectdld by the Central Statistics Office of
Ireland, the Irish Navy and The Irish Sea-Fisherf@stection Authority. For research
focusing on coastal ecosystem management and I@Zkary survey data collected from
marine scientists and local stakeholders is uskd.rain body of the thesis consists of three
separate empirical papers outlined above and begithsa chapter focused on marine and

coastal management policy (Chapter 2).

The first paper (Chapter 3) uses portfolio theargt the expected utility hypothesis to predict
the impact of single-species quota changes orhanfjdleet’'s species-targeting behaviour in
a multispecies fishery. The paper begins with d@roduction to the research area which is
followed by a literature review of earlier applicais of portfolio theory to fisheries research.
In the methodology section, portfolio theory and #xpected utility hypothesis are outlined
and an explanation of the calculation of predictraeables in the fleet’s objective function is
provided. Following this, there is a descriptionlagh mixed species fisheries and the data
used in the analysis. The penultimate section®ttiapter presents the results of the species-
portfolio optimisations before any quota constraiare included and compares the risk-
revenue profile of these portfolios to the problethe actually observed harvest portfolios in
the data-set; this gives an indication of how aatian approximation of the fleet’s objective
function the specified model provides. Followingsthresults of the species-portfolio

optimisations given the quota simulations are preskand critiqued to assess the impact of
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the quota changes on the fleet's multispecies tiagydehaviour. The final section of the

paper provides a brief discussion and conclusions.

The second paper (Chapter 4) addresses incoheirertbe principles of integrated coastal
zone management (ICZM) through an application oim@& portfolio analysis (BPA). The
paper begins with a review of ICZM and the critehat management tools such as BPA
must satisfy. Following this, the methodology sectprovides a more in-depth description of
BPA and describes how it can be employed to assistastal management decision making
and also to measure an ‘attitude gap’ between titesdifying with either the strategic or
local principles of ICZM. After this, the paper debes the coastal study site and the list of
biomes (geographic habitats), services and thtkatsvere selected for the analysis. There is
also a description of the survey structure, thdettalder group and the nature of the
stakeholder workshops which were used to colletstitvey data. As this piece of research
is based in a spatial analysis, the methodologiiasealso includes a description of the GIS
data used to represent the habitat types of the. dreis is followed by the results and
analysis section which firstly presents the resoftdshe stakeholder workshops, then the
results of the scientific consultations and finalycomparison of both. The final section of
the paper offers a discussion of the results wepect to their connotations for the ICZM

principles, and the concluding remarks of the study

The third paper (Chapter 5) deals with the econemafcspatial choice in Irish demersal otter
trawl fisheries and the issue of displacement wheitispecies quota changes arise. It begins
with an introduction to recent changes in Europksireries policy and a background of the
Irish demersal otter trawl fleet. The literaturectsmn then summarises behaviourally
orientated fisheries research, in particular, @trchoice models in fisheries economics
research. Following this, the data used in theyaigl particularly the Vessel monitoring

systems (VMS) data, is described in detail. Nex¢, tnethodology section outlines various
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discrete choice random utility models which are liapple to the research question and
explains why the conditional logit was the eventualdel selected to analyse fishing location
choice in this fishery. After this there is a fugtlsection on methods that explains how model
variables that are used as regressands in the tiooradi logit analysis are calculated.
Furthermore, this section describes the methodolygwhich the VMS data was used with
logbook catch data to create the distinctly digcifething location alternatives used in the
analysis. The results and analysis section presieatesulting coefficients of the conditional
logit model, and then compares the ability of thisdel, based on the estimated coefficients,
to accurately predict site-visitation for the fisles under analysis. This is done by comparing
the actual site visitation percentages in the datato the model’s predicted percentages
before any additional quota constraints have beelnded. After this, the impact of the quota
constraints on the model's predicted site-visitatpercentages is presented and the results

are discussed. The final section provides a disoussd conclusion of the paper.

Chapter 6 is the concluding chapter of the thests affers a discussion of the thesis’s core

findings and concluding remarks.

1.5. Thesis Outputs

The research carried out in this thesis has ledrtomber of outputs. In particular, there have

been two academic publications in peer reviewsnalst The research has also been

presented at several international conferencesnsesn courses and workshops over the life

of the PhD. The more important research outputéisiesl below.
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1.5.1. Papers

* ‘The impact of precautionary quota constraints lo@ tomposition of multispecies
harvest portfolios’, submitted to thé&ournal of Ecological Economicgawaiting

feedback).

* ‘Shortcomings in the European principles of IntéggdaCoastal Zone Management;
assessing the implications for locally orientatedstal management using Biome

Portfolio Analysis'The Journal of Marine Poligy(2014).

* ‘The impact of quota changes on the spatial detssf fishermen in Irish demersal

otter trawl fisheries’ (working paper for SEMRU i&).

* ‘Addressing failures of the Common Fisheries Polieypw principles of devolved
community-based governance may improve the sustéityaof Irish fisheries’, The

Irish Review of Community Economic Development &&wlicy, (2012).

1.5.2. Presentations

« ‘Discrete fishing site choice using VMS dat22™ International Conference on

Fishery Dependent InformatipRRome, Italy, March 2014.
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* ‘Incorporation of financial risk management toatsoi the management of ecosystem

services’,

1. 87thAgricultural Economics Society Conferen@éarwick, England, 2013;

2.

Rural Economy Research Cenffeagasc, Athenry, Ireland, February 2013.

* ‘Applying portfolio theory to the management offfistocks’,

1.

Centre for Fisheries and Aquaculture Management &wbnomics PhD
workshop, Esbjerg, Denmark, January, 2011.
2nd Annual Beaufort Marine Socio-Economic SymposiGalway, Ireland,

November 2010.
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2. Policy Background

This chapter covers EU policy as it relates toHvester, coastal and marine environmental
management. Such EU Directives and policies begaarise in the early 1970s and are
constantly being created, adapted and improved gpen up until the present time. These
policies are important to understand because &pant shaping the way in which the culture

of marine and coastal natural resource managenmefiurope has evolved, there is an
ongoing effort to increase the capacity of sucheflives and policies to operate more
efficiently. EU environmental policy is thus hightievelopmental and no analysis of coastal
and marine management issues would be completewtitbking stock of which stage such

policies are in, in their ongoing development. Thdicy review is also relevant to the

following chapters because it contextualises th@iecal studies of the thesis; each of the
three methodologies employed in this thesis weftects and adapted according to the
relevant policy structures. For example, and abbeldiscussed in the following sections of
this chapter, recent policy has focused on multsse spatial and integrated forms of
management. All three empirical studied demonglrate this thesis are designed to

accommodate such policy goals and work with sugeobives in mind.

The chapter begins with an overview of the chaksnilpat environmental policy has faced in
its application to coastal areas and marine arghater systems. Section 2.2 treats of the
earliest environmental policy in this area and hinse Directives have evolved into the
Water Framework Directive. Section 2.3 discussedMlarine Strategy Framework Directive
while section 2.4 discusses the somewhat relatedn@m Fisheries Policy. Following this
the Habitats and Birds Directives are describeseition 2.5, as well as how these two fit in
with the general frameworks of the Water Framewbntective and the Common Fisheries

Policy. Section 2.6 provides details on Europeash laish socioeconomic statistics and then
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discusses coastal habitats and EU coastal managewigy and Maritime Spatial Planning.
Section 2.7 discusses the Integrated Maritime Pollte chapter concludes with a brief

summary.

2.1. Overview

Coastal, marine and freshwater habitats are gq@eteiglly heterogeneous across space due
to variation in geomorphic and biogeographic fesguas well as human population density
(Costanza, et al., 1997). In addition to this, tierine environment, coastal areas and aquatic
systems provide a highly diverse set of ecosystemices to society. On one level, they
provide the types of non-marketable services desdrin Chapter 1. Human activities like
industrial manufacturing, construction, tourism, stea disposal and the simple act of
populating and subjugating a space of land undertiia sustainability of such services and
the spaces from which they arise. Much of the emwitental policy discussed in the
following sections is designed around the protectend sustainability of such non-
marketable ecosystems and services. On anothdrhiewever, policy makers cannot ignore
the fact that EU coastal areas are also some afots heavily populated, and in addition to
desiring the conservation of non-marketable ecesysservices, such populations also
require the very amenities and economic activities undermine them. The fact that coastal
regions, economies and marine industries can susamse populations is an ecosystem
service in and of itself. The challenge this pdeessociety and for policy makers then, is to
develop a coherent policy framework that allows tmgriad of ecosystem services,
marketable or not, to be optimally traded off agaieach other and to be managed

efficiently. However because coastal and marin@sarexhibit such heterogeneity across
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space and because the variety of demands for deasyservices are diverse, EU
environmental policy in this area has tended tadisgointed and incoherent. As a result,
individualistic management initiatives have origedh with only one or a small number of

sectors in mind, from miscellaneous, cross-bordsrotnected state agencies (EC, 2001).

At the policy level, this disjointedness translatedo numerous environmental policies
designed for specific environmental problems, bhictv nevertheless showed a large degree
of repetition in terms of environmental goals amerational concepts (EC, 2001). Over the
years the crossover between Directives allowedfddher integration of EU coastal and
marine management policy so that various envirotateDirectives and policies were
amalgamated into a more coherent set, intendedoté& synergistically to achieve various
environmental, social and economic targets. Thiewahg sections discuss the relevant EU
Directives and policies in this area, their devetept and current status and how they relate

to each other.

2.2. EU water policy

In 1973 the first of several five-year Environmeémation Programmes (EAP) introduced
the objectives and principles of the environmeptdicies of the European Commission (EC,
2006). Over time, several regulatory instrumentsigieed to help prevent water pollution
were introduced. For example, the surfaces waterciive (75/440/EEC), the bathing water
Directive (76/160/EEC), the fish water DirectiveB(@59/EEC), the shellfish water Directive
(79/923/EEC) and the drinking water Directive (8@J/EEC). Early Directives treated

aquatic ecosystems as individually protected comtiesdand targets were set individually,
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rather than across space. In the 1990s, contipteglems with pollution in EU waters, in
particular eutrophication of sea and fish watees] to the adoption of two new legal
instruments which set strict rules on the treatnenwaste water and the use of nitrates in
agriculture; the Waste Water Treatment Directive$/4{71/EEC and 98/15/EEC) and the
Nitrate Directive prevention and control (96/61/EEC, 2006). In 2000, in an effort to
harmonise the various water-related Directives thatl arisen over the previous three
decades, the Water Framework Directive (WFD) wagptatl and since then has been the
main operating version of EU water poli®000/60/EQ. The Directive applies to all aquatic
systems, surface waters (rivers and lakes), groatetvand coastal waters, bundling many of
the individual Directives developed in previous ngego promote a more coherent set of
policies that allow aquatic resources to be managewsbss national and geographical
boundaries in an integrated fashion (EC, 2006). fblees of the WFD is on establishing a
number of key measures of resource status and araimg and improving the quality of the
aquatic environment as it is measured via theseatats. Indicators include variables like
water quality, ground water quality and surfaceewvafuality. A water body is said to be of
good status when both its ecological status ancchemical status are at least "good".
Ecological status is an expression of the qualityhe structure and functioning of aquatic
ecosystems associated with surface waters whdareahéemical status level must not exceed
the environmental quality standards established thy Directive and other relevant
Community legislation setting environmental qualgyandards at a Community level
(2000/60/EC). As the Directive states, the ultimaten is to achieve the elimination of
priority hazardous substances and contribute tdewkly concentrations in the marine
environment near background values for naturallguatng substances. Furthermore the
Directive acknowledges the connectedness of infeeghwaters with transitional and coastal

waters and states that effective and coherent waddicy must take account of the

30



vulnerability of aquatic ecosystems located nea tlhast and estuaries or in gulfs or
relatively closed seas, as their equilibrium iomgly influenced by the quality of inland

waters flowing into them. While reviewing the WFDits entirety is beyond the scope of this
chapter, the individualistic Directives of early Etater policy which treated water bodies as
separate entities has been replaced by a unifyiatgrwDirective which recognises the
interconnectedness of waterways both inland andgalihe coast. It is also important
however for the objectives and operationalisingcemts of the WFD to integrate with policy

relating to other policy initiatives, which are dissed below.

2.3. Marine Strategy Framework Directive

The Marine Strategy Framework Directive (MSFD) wadopted by the European
Commission in June 2008 and similarly to the WFpsato achieve good environmental
status (GES) of the EU’s marine waters by 2020, (2008. GES differs somewhat to the
standards of good status set out by the WFD howévieas been defined by the commission
as existing when ‘the different uses made of theimearesources are conducted at a
sustainable level, ensuring their continuity foluhe generations’ (EC, 2008). It also requires

that:

* ‘Ecosystems, including their hydro-morphologicaé (ithe structure and evolution of
the water resources), physical and chemical camditi are fully functioning and
resilient to human-induced environmental change;

* The decline of biodiversity caused by human ac#isits prevented and biodiversity is

protected;
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* Human activities introducing substances and enarigythe marine environment do
not cause pollution effects. Noise from human #@otis is compatible with the marine

environment and its ecosystems{ 2009.

In 2010 the European Commission produced a detadeof criteria and indicators to guide
Member States on the means through which to impiethe MSFD (EC, 2010). The report
focused heavily on the prioritisation of biologichiodiversity through measures of the
quality and occurrence of habitats and the distisibuand abundance of species. Other
indicators included in the guidelines were measofe®n-indigenous species within marine
ecosystems, level of fishing pressure, eutroplooalevels, sea floor habitat integrity,
measures of contaminants in marine environmentsnagasures of marine litter. The core
message of the Directive was that management oitrene environment should follow an
ecosystem approach based on environmental pratezmtid sustainability. Beyond following
the guidelines and achieving the indicator targets GES 2020, Member States were
responsible for the development of their own mastrategy. In Ireland, this responsibility
has been assigned to the Department of Environn@mmunity and Local Government
(MI, 2012). Member States are expected to underi@keanalysis of the features or
characteristics of, and pressures and impacts logir marine waters, identifying the
predominant pressures and impacts on those waitsisan economic and social analysis of
their use and of the cost of degradation of theimeagnvironment. Member States should
then establish and implement programmes of measungsh are designed to achieve or
maintain good environmental status in the watercemed, while accommodating existing
Community and international requirements and thedaef the marine region or sub-region

concernedEC, 2009.

In addition to the establishment and maintenancensironmental targets and associated

indicators of good environmental status, the MSH aequires that following the initial
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environmental and socioeconomic assessment caaugdby each Member State, any
intended management measures should give due eoastoh to sustainable development
and, in particular, to the social and economic iotpaf those measureB(, 200§. Member

States are also required to carry out impact assadgs and cost benefit analyses to

determine whether new measures are cost effeativéezhnically feasible.

While not all of the guidelines on the MSFD areused on fisheries, the issue of habitat
degradation is particularly relevant to Chapterf3his thesis, which looks at the fishing
location decision of fishermen in the Irish dememgeer trawl fleet. This form of fishing is
associated with substantial habitat damage aloagéla bed, as the trawling method causes
the fishing gear to make contact with the groundwelver, different types of sea bed are
affected in different ways. For example nephroghifig takes place along sandy bottoms,
and therefore has little to no habitat impact, @Highing for species with a more vegetative
of coral based habitat is far more destructivec&ithe empirical analysis of chapter 5 is
concerned with predicting changes in fishing sitmice following quota changes, it is
possible that this information could indicate tshiry managers where displaced and
reallocated fishing effort will be directed, andthvithat information, to develop a better

understanding of what the habitat impact of qubtnges will be.

2.4. Common Fisheries Policy

Given the fact that one of the major indicatorsGES 2020 under the MSFD is fishing
pressure levels in EU marine waters, it is cleat tmplementation of the MSFD has major
connotations for the EU fishing sector. In additi@nthe level of fishing pressure, other

fishery related indicators of GES include the reluaiive capacity of fish stocks as well as

33



their population age and size distribution. Sinkke tnain policy Vessel used to manage
fisheries and improve these very indicators okhdry’s status within the EU is the Common
Fisheries Policy (CFP), the MSFD will be required dperate alongside CFP legislation.
Indeed, it is likely that only through a successfpplication of the recent reforms of the CFP

that the GES 2020 targets of the MSFD may be esdlis

Irish fishing waters are currently governed as pafrtthe CFP according to Council
Regulation (EEC) no 170/83 (EC, 2012a). The CFR isollaborative effort by all EU
Member States to ensure the sustainable goverrdne® fisheries (EC, 2012a). The CFP
tries to ensure sustainable fishing practice byingetallowable levels of catch (Total
Allowable Catch (TAC)), limiting the number of dags sea (fishing effort), restricting the
use of certain fishing gear (Technical Conservatideasures (TCM)) and reducing
overcapacity in the EU fishing fleet (through flescommissioning) (EC, 2012a). Total
Allowable Catch (TAC) levels are set for each E&hing zone (Figure 2.1). The procedure
for carrying this out is provided for by Council gregation (EEC) no 170/83 of 25 January
1983 establishing a [European] Community systentHerconservation and management of
fishery resources. This document outlines the mhoee for conserving fishing resources in
Fisheries of the EU. According to this documentewla limit is to be placed on catch, this
limit must be shared out amongst each Member SEais.is carried out at an EU level. Each
Member State then has the responsibility to apporthat share amongst its fishers. The
share allocated to each Member State is done irmren that ensures stability of shares
relative to historical levels of catch. Specifigal/Article 4 states that ‘the volume of the
catches available to the [European] Community reteto in Article 3 shall be distributed
between the Member States in a manner which aseadsMember State relative stability
of fishing activities for each of the stocks comsed’. Thus, the CFP must delineate an

ecological necessity of restricting effort and deesby Member State. Article 4 outlines the
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process by which this is carried out, which recegaieach Member State’s tradition of

fishing in a given region and apportions the Tétidwable Catch based on this

Figure 2.1 illustrates the fishing zones within tB&. It should be noted that Council

Regulation (EEC) No. 3760/92 establishing a Commyurgystem for fisheries and

aquaculture states that the CFP extends to allerish of the EU, including those

immediately adjacent to a nation’s shoreline. Witthe TAC set for each fishing zone a
share is assigned to each nation’s fishing flebis s known as a quota. All fishing vessels
within a nation are required to have a licenceis$h faccording to this quota. However,
restrictions exist for what vessels may fish infreacea when fishing this quota. Under both
Council Regulation (EEC) N0.170/83 and Council Ratjon (EC) No. 2371/02, it has been
established that the area within the 12 nauticé tmit of coasts (about 22km), is reserved
for local fishermen and small fishing boats fromhest European countries that have
traditionally fished in these areas. From 12 to 2@0tical miles, access is open to all EU
boats, with International waters beyond that. Hosvethe EU fishing areas outlined in figure
1 may cross many of these boundaries and thus T&k€spplicable to all fishing waters

right up to the shoreline. As such, the current TedBeme limits the overall catch allowed

per region, whilst the national quota scheme liffigtising effort by nation (EC, 2012a).

® It should be noted that although the CFP delineates fishing effort amongst Member States, it does not affect
the freedom of movement of fishers to catch a portion of a given Member State’s quota. To illustrate, Irish
fishing vessels are licensed according to the Fisheries (Amendment) Act 2003, with the determinants for
licencing as a member of the Irish fleet being predicated on whether a vessel “is wholly owned by a national of
a Member State or a body corporate established under and subject to the law of a Member State and having its
principal place of business in a Member State” (Fisheries (Amendment) Act, 2003 no. 23 pt2, s4”). This
regulation is in accordance with EU freedom of movement legislation, as provided for by Article 45 of the
Treaty on the Functioning of the European Union. Under this legislation, nationals of any EU Member State
may apply for licensing as part of the Irish fleet. To understand this interaction, it is helpful to think of the
quota allocation as a given country’s natural resource and labourers are free to move between Member States
to harvest that resource.
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Figure 2.1: Fishing Areas in EU waters

Source: EC, 2012a

The motivation for an EU-level system stems from thigratory nature of many fish species,
whereby fish cross many political jurisdictions idgr their lifecycle. For example many
pelagic species like Mackerel and Herring migrabenf southern regions of the Atlantic such
as the coast of Spain in winter months, towardsleconorthern regions such as the
Norwegian and Icelandic coastlines as the temperaté the Atlantic rises (Uriarte and
Lucio, 2001). When this happens, governance at rthtonal or sub-national fishing

community level may be inadequate as sustainable practice in wngdiction may be

undermined by unsustainable practice in anothebi(E®2004). In such circumstances, the

local fishing community-level or the national-leveloes not match the international

4 . . . . . .

When referring to community-level in the context of fisheries governance, | refer to the sub-national,
localised group of resource users. This community in a specific localised area shares the common use of a
particular coastal fishery.
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geographical scale of the migratory species in tipe¢Berkes, 2006) and an international,

centralised system of governance such as the Cielquged.

Both chapters 3 and 5 present an empirical studly aifisheries focus. Each methodology
incorporate the needs for a multi-species apprtadisheries management and takes account
of fishermen’s behavioural responses by use of #henaatically quantitative objective
function. Chapter 3, which demonstrates a portf@jgproach to fisheries management
specifically treats of risk in fishermen’s obje@ifunction, while chapter 5 incorporates more

of a spatially orientated approach.

2.5. Habitats and Birds Directives

Two further pieces of environmental legislationedfically the Habitats Directive (EC,
1992) and the Birds Directive (EC1979) (HBD), bytwe of their focus on the conservation
of natural habitat across EU coastal, marine aeshivater systems, will also have a bearing
on other Directives pertaining to this area. Intipatar, the aim of these two Directives are
supportive of the aims of the MSFD in that theivieonmental measures (favourable
conservation status (FCS) and status of populafie)) have a similar emphasis on
biodiversity and sustainability indicators as th&Ssmeasures of the MSFD. All three
Directives also have proactive as well as readleeents in that they are not only concerned
with protection, maintenance and management ofisp@tements of biodiversity but also
the restoration and recovery of habitats and speweibere possible (EC, 2012b). With this

said, there are also some significant differencesvéen the HBD and the MSFD, in
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particular the fact that the MSFD is more gearedards an overall ecosystem based
management approach (EC, 2012b); The MSFD has & broader material scope in that it
aims to, inter alia, achieve and maintain GES, twhncludes all marine biodiversity whilst

HBD focus on the conservation of particular halitatd species. In particular, the HBD have

two main undertakings:

* To protect habitats as well as species and thdiitdta (e.g. breeding, feeding,
resting, staging sites) for 193 bird species listednnex | of the Birds Directive and
for regularly occurring migratory birds, and for pegies/habitat types listed in
Annexes | and Il of the Habitats Directive by dgsiting protected areas.

* To establish a system of species protection fomatl birds in the EU and for
species listed in annex IV (strict protection) amshex V (subject of exploitation) of
the Habitats Directive (Arts 5-9 BD, Arts 12-16 HOhis protection regime applies
across their entire natural range within the EU beth within and outside protected
areas and may include measures to ensure expoitamnd taking in the wild is

compatible with maintaining them in a FCS.

The designated sites which the HBD refer to arerdehed through the formation of a
system of protective areas known as the Natura 2@d@ork, an EU wide marine, coastal
and inland network of sites (EC, 2014a). The netwsformed through the establishment of
special areas of conservation (SACs) which haven lesignated under the 1979 Birds
Directive (EC, 1979). In 2007 the European Commissproposed guidelines for the
establishment of the Natura 2000 network in theimeaenvironment (EC, 2007). These
guidelines outline plans for a system of marinetgnted areas (MPAs) and elaborate upon
the means by which these MPAs might assist in aoigethe targets of MSFD for 2020 as
well as how such a network would fit into the breadontext of a new EU maritime policy

and CFP. While not legally binding, Commission s&® updates to the 2007 guidelines
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(which allow for regular adaptive guidelines tornade) state that it is the responsibility of
Member States to designate protected areas in #nmenarea and to establish conservation
measures and that in order to maintain or restwreconservation status of relevant habitats
or species, Member States should assess if tharaeed for fisheries management measures
(EC, 2014b). This is important because it showsl¢lel of crossover between the various

Directives in play; in this case the CFP and théDHB

The spatial component of the empirical analysisleggal in Chapter 5 relates strongly to the
issue of marine protected areas and special afeasservation. While chapter 5 focuses on
the impact of quota simulations, as opposed toirtifgact of forming a single MPA, the

reallocation of fishing effort that arises from ¢@mahanges could impact key conservation
sites for habitat, birds and other wildlife. Thesukts of the study suggested significant
displacement and reallocation of fishing effort tlre Irish demersal otter trawl fishery

following quota changes, and thus the impact oftguwhanges is indeed a highly relevant
issue for the birds and habitat directives and eddany set of directives focused on the

formation of special areas of protection for wildland habitat in marine areas.

The MSFD is also relevant in this context as then@assion document also encourages
Member States to ensure a good coordination betfigleery and environmental authorities
at Member State level or stakeholder level, whicturn, will alternate depending on the
jurisdiction in which the Natura 2020 site is laadt Within 12 nautical miles of the Member
States' coast, the Member State can take non+disatory measures to minimise the effects
of fishing on the conservation of the marine ectesys The exception is if these measures
are liable to affect the vessels of other MembateSt in which case these proposed measures
can only be adopted after the Commission, other Merstates and the Regional Advisory
Councils (RAC) concerned have been consulted oratt df the measures. If the Network

2020 site is located offshore (>12 nautical milesnt the shoreline), then the proposed
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measures fall under the scope of the CFP and MeBitiages would have to address a formal
request of adoption of such measures to the DiratetdGeneral of Fisheries and Maritime

Affairs (DG MARE) of the Commission (EC, 2014b).

The above shows the degree to which different Dires operate within different policy
spheres, yet show substantial crossover and muspé@tionalised coherently in order for
EU and MS environmental management to be effectilearly, orchestration of various
Directives in any kind of harmony is a dynamic aimmplex affair. In general, the HBD
relates to all spheres of the natural environmetdral and at sea, but is specific to key sites
and species only. The MSFD, relates only to theimeaenvironment, but to all species,
habitats and human activities in a type of ecosydtased approach. Where a Natura 2020
sites fall within the spatial range of the MSFDe tjpals of HBD can contribute to the goals
of the MSFD and vice versa. However the way in Wwhikis occurs and the Directives
through which it occurs will alternate dependingdstance from the shore. Further out at
sea fisheries management measures begin to far uhe exclusive competence of the CFP.
In this way, even if it relates to the HBD or MSFihy conservation effort requiring fisheries
measures cannot be achieved without working thrahghchannels of the CFP. Further
inshore, (within 12 nautical miles), measures elygdo by Member States to manage
fisheries need not be determined by CFP legislaiiehreference to stakeholders and other
environmental regulation such as the HBD and MS&paramount. If we consider Natura
2020 sites that are inshore or inland, i.e. fathmi ‘coastal areas’, then we are now entering
the sphere of EU coastal management Directives/en gater Directives as they relate to
fresh water river and lake basins. The WFD hasdirdeen discussed, but in many respects
the meeting point for the various environmentalebiives is the coastline. Coastal areas

account for great species and habitat diversitywel as ecosystem service diversity and
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economic activity and are therefore of central imignace for EU environmental management

and sustainable economic development.

2.6. Coastal Areas and Management Policy

This section on coastal areas focuses on poliayedimt detailed discussion on EU and lIrish

coastal statistics, which is also very relevartht®policy agenda, features in Appendix A.

2.6.1. Coastal areas and environmental management policy

Coastal areas are characterised by habitats, spaete population densities that are highly
heterogeneous across space and specific to thiacpase. The diverse range of habitats and
species can be highly sensitive to human activiiesh as urbanisation and development
which can have a lasting environmental impact (&uret al., 2007). The coastline of the

Republic of Ireland stretches for 5,631 km (Hynesd &arrelly, 2011). The interaction of

wind and wave with the highly exposed Irish coastlhas created a diverse range of habitats
for plants and animals. Tentatively, Irish coasabsystems are formed across five major
habitat types: estuaries, sand-dunes, salt-maeshiclgfs and shingle beaches (Lucey and
Doris, 2001) but within these categories diversbitht heterogeneity exists. Information

about ecosystems and their derivative servicesl@seribed in detalil, as is relevant, in each

of the empirical papers.

In addition, the mix of ecosystem services provitigdcoastal habitats can be dissimilarly
valued by different groups of the population, whicdin lead to conflicts of interest and
disagreements about how coastal areas should bageduiBillé, 2008). Like EU water and
environmental policy, a historically sectoral apgmb to coastal management led to disjointed
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and contradictory management measures that riskddronining each other, inefficient use
of resources and missed opportunities for moreagwble coastal development (EC, 2014c).
However as was the trend for other Directives dised in this chapter, this period was

followed by one with a more integrated approacbdastal management.

By 2002 the European Commission outlined a genksshework and provided council
recommendations for a European version of ICZM (E@)2). The recommendations were

made up of guiding principles along three main telcKenna et al., 2008):

« Two ‘procedural’ principles: support and involverhesf relevant administrative
bodies and use of a combination of instruments dnatfocused on the attributes of
the methods and procedures that might be usedstabeance ICZM

» Three ‘strategic’ principles: broad overall perdpex; long-term perspective, and
working with natural processes. These principlegnmdocus attention on long-term
goals, and fit easily into the sustainability ethtt&t dominates contemporary
environmentalism.

» Three essentially ‘local’ principles: local specify, adaptive management during a
gradual process, and involving all the parties eomed. These can be regarded as a
balancing set to the second group, because thes fioderest on specific areas and
problems, encourage tailoring of management tol logaditions and encourage the

participation of the public in formulating managerhpolicy.

The idea behind ICZM is that as well as prioritgsisustainability or ‘strategic’ goals, local

and economic goals should also be part of the palésign process. As of March 2013 this
set of principles was followed up by a draft progddsr a Directive establishing a framework
for Maritime Spatial Planning (MSP) and integratesstal management (EC, 2013). MSP,

like ICZM, is concerned with managing human adggtbut with a greater focus on sea
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orientated development such as renewable energgllat®ns, maritime shipping, fishing
activities, and ecosystem conservation and touriéaturally, such at-sea activities also have
a terrestrial coastal presence; renewable energfallations will be linked to land-based
power sites, maritime shipping requires ports dmal same is true of fishing and marine
ecosystem tourism. The reality then is that anyhglevelopments must be coherent with an
ICZM framework and vice versa. It is therefore gelesthat the two operate through the one
Directive. Like ICZM, MSP will involve stakeholdenput and will be geared towards
sustainable development of human activities. Funtloee, the development of MSP and
ICZM in any Member State will affect and be affettey the MSFD, WFD the CFP, the

HBD and the Renewable Energy Directive (RED).

In April of this year (2014) the European Parliamendorsed a Directive for Maritime
Spatial Planning aimed at assisting Member Statekevelop plans to better coordinate the
various activities that take place at sea. It @sos at ensuring that these activities are as
efficient and sustainable as possible. The newdbue will help avoid potential conflicts
between such diverse uses as fishing, aquaculumesf cables, pipelines, shipping lanes and

oil, gas and wind installations etc.

Chapter 4 focuses on ICZM and the use of surveg&ehlolder participation and scientific
information in the design of local coastal managaetmmlicy. In particular, the empirical
methodology in chapter 4 considers the variouscypies of ICZM and evaluates whether
they are coherent and effective in achieving thgealve of ICZM, by highlighting in
particular the fact services tend to be dissimjladlued by various parties. The results of the
study which included the participation of maringestists and local stakeholders indicated
that the local and strategic principles of ICZM ualeed lack coherence and that future
policy reforms would need to prioritize specificimmples of ICZM to make it truly

operational and effective.
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2.7. 1 ntegrated Maritime Policy

Clearly, the many Directives discussed in this ¢aaill be simultaneously employed in
future management of the EU’s environmental resssird-or such management to be
successful, it is important that these various &ives are fully integrated with each other.
To that end, the Integrated Maritime Policy (IMREks to increase coordination between all
marine and coastal related Directives. The Comnisss very clear on the fact that it is
intended for such coordination and not for replaeetmof policies on specific maritime
sectors (EC,2014d). It is to be especially releweimtn management issues do not fall under
a single sector based policy or when different@scand actors are required to resolve an

issue (EC, 2014d). Specifically the IMP coversftiilowing ‘cross-cutting’ policies:

* Blue growth

— Intended to develop sectors such as aquacultureyiste, marine
biotechnology, ocean energy and seabed mining.Isth #ocuses on the
development of marine knowledge, Maritime SpatianRing and integrated
maritime surveillance (intended for border contfigheries control etc.).

— Included action plans to ensure cooperation betweentries with a stake in
different sea regions. Of relevance to IrelandhesAtlantic Ocean action plan.
This plan *aims to revitalise the marine and margieconomy in the Atlantic
Ocean area’ such that Member States ‘share infeomatosts, results and
best practices, as well as generate ideas foreudheas of cooperation of
maritime activities. This includes both traditiorstivities, such as fisheries,
aquaculture, tourism and shipping, as well as emgrgnes such as offshore

renewables and marine biotech’ (EC, 2014d).
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* Marine data and knowledge
— Marine Knowledge 2020 is intended to act as a ekntllator of data from
many sources with a view to assisting industry, lipulauthorities and
researchers.
* Maritime Spatial Planning
» Integrated Maritime Surveillance
— This policy initiative is intended to provide authi@s with a mechanism
through which to exchange maritime information alada, reducing the cost
of surveillance and improving its effectivenessor Example border control,
safety and security, fisheries control, customsyirenment and defence
currently collect data separately, sometimes docadllecting.
» Sea Basin Strategies
— Will promote growth and development strategies &xaoit the strengths and

address the weaknesses of each large sea rediua iU

Many of the policies of the IMP are focused on depment and synergies outside the scope
of normal economic activities and environmentaliges, but that which if successful, have

the potential to aid these two causes.

2.8. Summary
This chapter has discussed the various policieDarettives that have arisen in EU coastal,
marine and aquatic management in the last fortysy@de discussion of these various pieces
of legislation has shown that due to the complegitghe resource under management, the
policy framework has itself become multi-faceted amtegrated across habitat, sectoral and
legal spheres. Early environmental policies like Burfaces Water Directive and Bathing

Water Directive gave way to a more comprehensivediive in the form of the WFD. Given
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the interrelated nature of freshwater aquatic systegeaching eventually to coastal estuaries,
saltmarshes and bays, even this more comprehebisreetive could not stand alone if
aquatic habitats and ecosystems were to be manraffectively. This Directive is thus
intended to operate alongside the MSFD which pewipolicy guideline on management of
the entire marine environment through the attairtneérGES. The MSFD itself must then
operate alongside the CFP such that GES can beeatt®\nd operating in tandem with these

polices is the HBD and the Natura 2020 network.

The link between freshwater aquatic systems, cbhatatats and the sea at large is catered
for in a policy sense via a new policy frameworkieth builds upon previous ICZM
legislation and incorporates MSP to account fosest-projects and development as well as
those pertaining to areas of coastal proximity.SEhsvo sets of policy, run concurrently, are
intended to allow stakeholders, coastal managedso#imer relevant parties to cooperate in
designing coastal and marine management initiatitlkat promote environmental
sustainability but also allow for local economicvd®pment. In addition to the now
extensive (and growing) legislation that existsrf@arine and coastal management, the IMP is
intended to act as a link between the various piefdegislation in this area and a stopgap
for maritime issues that arise, which do not fafider the jurisdiction of any of the
aforementioned legislation. EU environmental polielating to marine and coastal areas is
still very much in its development, but the ratecb&nge is rapid and transforming the face of
European environmental management. Management dwtgies that attempt to
incorporate spatial and integrated methodologiesvalnich can help to balance between the
environmental and economic trade-offs of econon@eetbpment and natural conservation
will be important for the success of this transfation. It is with this latter consideration in
mind that the empirical studies demonstrated ia thesis have been selected, adapted and

applied.
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3. The impact of precautionary quota constraints on tle
composition of multispecies harvest portfolios

3.1. Introduction

In June 2013 the European Parliament and CouncMiaisters agreed upon a new and
reformed European Common Fisheries policy (CFRetamplemented across all EU marine
waters in January 2014. One outcome of the agretsneethat quotas and the use of species’
maximum sustainable yields (MSY) will remain thenpery means by which Member States
(MS) attempt to achieve sustainable fisheries.tiéaliproblems with this form of fisheries
management and with maintaining the scientificaligommended MSY throughout the
political process have been documented within tbg(Baw and Grey, 2004). Despite these
highlighted problems, the reforms indicate that tldegree to which scientific
recommendations of MSY are adhered to in practitiebe far more binding than has been
the case historically, such that by 2020, all stoate to be managed at MSY. It is now clear

that major changes to fishing quotas in Europeatensavill occur in the next 6 years.

Further changes to the CFP include a banning afisdlards and the adoption of multi-annual
and multi-species planning. This means that thentijyaof any fish stock that can be
sustainably harvested will be determined on théshafsinteraction with, and impacts upon,
other species and marine habitats. If sustainabhetries are to be attained, the impact of
fishing for a single commercial species on othemrcial species will be of great
importance. It is foreseeable that in waters whbee by-catch of biologically sensitive
species is high, quotas for any target speciesi@stipn will be set lower than their potential

MSY level (had they been considered in isolation).

According to the European Commission, EU legisktovill only define the general

framework, the basic principles and standards d&ed dverall targets of the CFP while
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Member States will themselves develop recommenastion the actual implementing
measures (EC, 2013). National policy makers wilisttve charged with the responsibility of
deciding upon and implementing the medium term rgameent initiatives that will achieve
the overall targets of the CFP. In this new pokrwironment, when setting species’ total
allowable catches (TACs), fishery managers mustgaaicular attention to the multispecies
impact of harvesting an individual species, nosigthe impact on other commercial species

within the fishery and in neighbouring fisheries.

Models assisting the management process that felke reforms will need to assess the
environmental and ecosystem impacts of commercishinfy activity. In addition,
behavioural economic models have a role to plagesthey offer a framework for attempting
to describe the response of fishermen to any polh@anges. According to Fulton et al (2011),
human behaviour, and in particular fisher behavi@mialmost never explicitly considered by
fisheries scientists in the assessment and managemueess. They posit that the uncertainty
generated by unexpected resource user behaviouasiscritical as ecosystem and
environmental uncertainty because it has unplarmedequences and leads to unintended
management outcomes. Indeed, technical measureleadro results which actually work
directly against specific sustainability targets fohich they are designed (Briand et al.,

2004).

While behavioural models may be underutilised Biadries scientists, empirical analyses on
the socio-economic impacts of fisheries regulatiaresplentiful (e.g. Jentoft, 2000; Nielsen,
2003; Hatcher and Pascoe, 2006; Wislon et al., ROGGven the recent EU policy
developments prioritising the by-catch issue andltispecies management, empirical
analyses that have the potential for multispectse®ll analyses are desirable. This article
presents a behavioural modelling approach basedinamcial portfolio theory and the

expected utility hypothesis in an attempt to matiel change in the harvest behaviour of a
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fishing fleet affected by precautionary quota comiats. The intent of the research is to
demonstrate how the portfolio methodology could dmeployed by fishery managers to
predict the likely behavioural responses of a fighfleet to changing quota restrictions.
While this process is useful in its own right, Is@ demonstrates the need for improved
fishery data collection processes to implement sonddels successfully. The portfolio
approach is based on portfolio theory as develdpgdVarkowitz (1952). Markowitz’s
portfolio analysis is a mathematical tool to deteenhow to select the optimum proportion
of assets in a portfolio for investment. The apphokends itself well to multispecies fishery
analysis because given certain assumptions abeuthjective function of a fishing fleet it is
possible to estimate changes in multispecies taydiehaviour given changes in single
species harvest constraints. Thus a “multi-spewids” impact of precautionary measures
can be assessed. While portfolio theory has betmgixely used for research into financial,
agricultural and energy markets, its applicatiorfisberies management and policy is rare.

Some of the few papers that have done so are redi@ewthe following section.

In what follows 1 first discuss previous literatutieat applies portfolio theory to fishery
economic issues. Section 3 then presents the thewatgrlying the portfolio approach and
how | apply it to the concept of mixed fisheriesmagement. Section 4 provides a description
of the multispecies Irish fishery investigatedhie analysis and a brief description of the data
used. The estimation results of alternative managénscenarios are then presented in
section 5. The paper concludes with a discussidts ahajor findings and their implications

for fisheries management.
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3.2. Previous applications of portfolio theory within fisheries economics
Typically, empirical multi-species analysis follovemie of two formats; a bio-economic
model which determines the optimal harvest ratenofe than one species using estimated
predator-prey or competitor parameters, or strattecosystem models that can be used to
determine optimal TACs across multiple species. eMiacently however, portfolio theory
has been applied to fisheries management topicsodtgecapacity to embody a multi-species
perspective and directly incorporate risk. Hanr@@) advocates portfolio theory as a means
of balancing fisher objectives and societal obyedi while others extend this idea to
‘explicitly recognize fishery resources as risk-tieg capital assets that can provide society
with benefits indefinitely’ (Edwards et al., 20@005). These studies focus on realigning the
goals of individual fishers with societal goals &opting property rights, incentive schemes
and fishing restrictions such that ecosystem seryayoffs (as opposed to commodity
payoffs) can be delivered to society. Others see gbrtfolio approach as a means of
protecting fishing communities from the risk ofdtuations in the abundance, availability, or
price of individual species, where fishers choos®wrg a diverse portfolio of harvestable
resources rather than being forced by regulatiosptxialize in one or an extremely limited

number of species (Hillborn et al., 2001).

Elsewhere, Yang et al. (2008) use portfolio themrassess the behaviour of New Zealand
fishers’ who face multiple targeting options toglict the optimal targeting strategies under a
Quota Management System (QMS). Species considgréthbg, et al.(2008) were selected
based on two criteria; the commercial value ofgpecies and the availability of data. These
two criteria were also highly relevant in the asa&yof the Irish mixed fisheries and will be

discussed further in section 3.3.

Sanchirico, Smith and Lipton (2006) also adaptedrfcial portfolio theory as a method for

ecosystem based fishery management (EBFM) thatuatsdor species interdependencies,
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uncertainty, and sustainability constraints. litashg the method with routinely collected
species catch data available from Chesapeake BathdnUnited States, the authors
demonstrate the gains from taking into accountispegariances and covariances in setting
species total allowable catches. They find overgheod from 1962-2003 that managers
could have increased the revenues from fishing radldiced the variance by employing
ecosystem frontiers in setting catch levels. SamehiSmith and Lipton (2006) also point out
that compared to structural models of the ecosystiemving ecosystem frontiers provides a
complementary view that is simple to implement dlekible enough to accommodate
different ecological, economic, and social objessi\by including additional constraints or
objective functions. However, they also point chatta limitation of ecosystem frontiers is
that the policy prescriptions are only as goodhasestimates of the means and covariances

that characterize the multivariate stochastic gsce

Elsewhere, Perusso et al. (2005) highlight the tfzat fisheries regulations tend to be species
specific but that species can be part of a muktieggs fishery. Therefore since harvest rates
are correlated, net revenues attributed to eactiespare also likely to be correlated. The
authors contend that this correlation means thatfgho theory is well suited for multi-
species fisheries that exhibit joint productive releéeristics. The authors therefore used a
portfolio approach to model the behaviour of fishen faced with multiple targeting options
in a random harvest fishery. The approach draws filee expected utility hypothesis and
financial portfolio theory to predict optimal tatgey strategies. The methodology was
applied to the pelagic long line fleet operatinghia U.S. Atlantic Ocean, Caribbean and Gulf
of Mexico. Results from the model provide evidenicat area closures aimed at reducing
juvenile swordfish mortality will be more effectiva certain regions. Efficient risk-return

frontiers were also generated for use in predictargeting behaviour in lieu of a closure.
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The frontiers suggested that trips that target diigir exhibit a smaller degree of variability

than trips that do not.

More recently, Theophille (2012) uses a mean-vagaportfolio optimization approach to
determine whether there is potential for fisher®ominica to reduce the variability of net
trip revenues. Their results suggested that fishewdd attain their ex ante targets and that
given the potential for trip-level harvest porttdi with a more efficient mean-variance

profile, the variability of net trip revenues couldd reduced.

| employ portfolio theory to combine a multispeciasd precautionary approach under a
single empirical framework and follow Perusso et(2005) by incorporating the expected
utility hypothesis into the analysis. Through thgproach, | attempt to predict the impact of
hypothetical quota-based precautionary measurethenutility of fishermen in the Hake-
Monkfish-Megrim and the Cod-Haddock-Whiting fistesriin Irish waters. To infer realistic
hypothetical precautionary measures | refer to €gwl al. (2006) where the authors review
the status of various Irish fish species and thermi@l measures that need to be adopted to
protect specific stocks from decline. | assess ltkbavioural response of the fleet to
precautionary measures by observing the subseaqiramges in the contribution of target
species to the overall fisheries harvest portfdliois contribution is often referred to as the,

portfolio “weight”, of a particular species.
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3.3. Methodol ogy

Portfolio theory assumes that economic agents apéit pnaximizing and risk averse,
balancing a range of expected payoffs (and thévasiability associated with attainment of
each payoff) to maximize their expected utility.eTportfolio problem is thus formulated

using the expected utility function of Von Neumarmigenstern (1944) and can be written:

(oo Samon)

i=1

max
o EUWD] = E(U

whereE(.) is the expected value ¢f), U is utility level, W, andW; are initial and updated
wealth respectivelyR; is the return on théh asset ana; is the percentage contribution of
the ith asset to the total harvest portfolio. In thisdst | assume that the fishery manager
looks at the fleet as a single entity, forming estpgons about the revenue it can generate
from harvesting each of a set of species and thle (Wariability) associated with each
revenue stream. It then uses these expectatiosslécot the portfolio of target species that
maximises its expected utility. Like others (Mistaiand Strand, 2000; Perusso et al. 2005) |
assume the fleet’s initial wealth is zero so ti&t possibility of existing wealth influencing
ex ante targeting decisions does not arise. Funibvex, due to the absence of cost data, |
focus on the impact of fishery revenues on fledityias opposed to the more ideal case of
the impact of fishery returns on fleet utility. hmeans that the main determinants of the
fleets targeting decisions arise out of annualmaes. An improvement to this approach may
have been to use cost data from equivalent fleetgher countries, or to collect some cost
data cost points to pin point costs somewhat, dngl may have improved the analysis.

However as is explained in more detail later inchapter (p. 65) the negative impact on the
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analysis of not including costs has been negatecdralysing fisheries where costs are
generally uniform across the fleet. Issues arowntsidering the fleet as a single entity and
the omission of environmental stochasticity in adtng variances is also eluded to later in

the chapter.

Like Perusso et al. (2005), | use a Taylor Sengrmesion to approximate the utility function,
but because the study only has annual and aggcelpstel data available, | do so for annual

revenues [W*] for the entire fleet as a unit:
1
vw) = UEW™D + UEW DWW — EW™]D + 5 U"EW DWW - E[W*D? + Rs,

where:
1
Ry = ) —UMEW W — EWD",
n=3

U™ is then-th derivative ofU andE[.] is the expected value ¢f]. A convergent Taylor

series leads to total fleet expected utility,
1
ElWH] =UEW’D +5 U"(E[W*Da*(W*) + E[Rs].

wheres?(W*) is the variance of annual fleet revenue . And:
- 1
EIR,] = ) —UMEW Dm"W").
n=3 '

wherem™(W™) is then-th central moment df/*:

As per Perusso et al. (2005), this latter equateftects the fact that expected utility is
explained by mean, variance and other high momahntise probability distribution of fleet

revenue. lIdeally, the availability of cost data Wbuwallow the researcher to model
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expectations about returns/profit. This would allthe model to more accurately reflect the
feasibility of alternative combinations of aggregatatch within the fishery. In the absence of
such cost data, one can still apply the methodotogysheries in cases such as ours where
the fisheries being investigated are assumed te bguivalent fixed costs (such that there are
no barriers to exit one fishery and enter anothed similar variable costs structures. This is
discussed in more detail in section 3.5. It woukbae superior to have more frequently
observed data on catch quantities and prices siagance in annual total revenue over time
is unlikely to be randomly or independently distitedd. A further issue with the data is that it
contains observations of only the Irish fleet'seewes and thus the variability of revenue
experienced by other fleets is omitted, so thatattal variance of annual revenues may
differ to the figure produced by the model These shortcomings mean that for a set of
harvest targets | cannot be sure that the distabutf expected catch around those targets
will be accurately represented by the variancesgénues from earlier years. With that said,
the purpose of applying a portfolio model in th&se is to demonstrate how the framework
could be employed by managers of a multispeciégfisand the types of data that would be

needed to do this successfully

As earlier stated, the expected utility of the fflesea function of the mean and variance of

revenue:

E(U) =ER) — @(6}) (1)

whereE(.) is the expected value @f), U is the fleet's utility,R; is revenue per tonne of

specied harvestedgp is the fleets risk aversion parameter and is #meestoward all species,

> Irish share of EU guota in the areas under study will vary according to species, but generally the Irish share of
EU quota in these areas, and thus the degree for which Irish catches can explain overall variance within these
fishing grounds, is relatively small. However the catches from a fair sample of the overall population. See EC
(2014b).
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andc? is the variance the fisher expects from the regegenerated from harvesting species
i, defined as the variance in average revenue peretof species harvested over the

historical period.

Correspondingly, the expected utility of the flestjtten now as a function of the first two

moments of théarvest portfoliop, is

E(Up) = E(Rp) — @(07) @)
where:

Ry = XiL1 WiR; 3

R; = BY; (4)

and Yw; <Yiie.0<w; <1;,w;R; >0;Y; = 0; P, > 0. P; is the unit price of specigsY;

is the tonnage of specigsharvested anal; is the weighting on specidsin the harvest
portfolio. Note that each weight on each specieserpual 1 simultaneously since | am using
expected revenues rather than expected returnslaborate, the focus here is not on returns,
which are fractional (meaning all weights shoulansto 1) but instead it is on revenues
(which are not fractional); the sum of the weigbésn sum to whatever amount of species
exist in the harvest portfolio. The expected rexefor any fleet harvest portfolid then, is
simply the sum of the expected revenues by the hwaeilijpcated to each species in the fleet
harvest portfolio. Note that the weight allocatedeach species is the percentage share of
total catch. For risk however, we must also consttle covariance between the revenues
generated from harvesting each species. Such eocariarises out of ecosystem linkages
such as a predator-prey or competitor relationslti(parrod and Harding 1981; Daan,
Rijnsdorp and Overbeeke 1985; Daan 1989; KosterSatohack 1994, Trenkel et al. 2004),

common sensitivity (be it positive or negative) gnvironmental fluctuations and fishing
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types, and indeed, any macro type variable thattffmultiple species within the ecosystem,
or in this case, the harvest portfol@p,As earlier alluded to, my annual measures ofepaied

guantity are quite crude compared to the level ethiled data required to get at the true
distribution of expected revenues fishermen pegcaiv achieving their target harvests.
However they allow the methodology to be carrietl and demonstrate its potential should

more quality data be available.

Price sensitivities to market conditions also catmeriance between revenues. Calculations
of revenue covariances capture this, but | follan&hirico et al. (2006) in assuming that fish
prices are unresponsive to ecosystem-wide cat@isl@ue to substitute protein sources and
world seafood markets. This means that the degrée prce substitution or
complementariness between species in the portisliocelevant compared to other market
factors, and therefore prices can be classifiedxagienous. | also employ the technique of
exponential smoothing, as demonstrated by Sanohati@l. (2006), meaning the less recent
an observation oP; andY;, the less influence it has in the calculatiorE¢Ry) andog. The
degree to which the influence of past observations expected values diminishes is
determined by a factor referred to as the rateemiay (1). This technique allows one to
mimic the possibility that fishers place more engsiaon recently occurring events when
forming expectations about future outcomes (Gutt@m1999; Bowerman and O’Connell
1993), but we can also relax this assumption bsesmsing the value &f until such a point as

it reaches 1, whereby all observations, regardiésise time period in which they occur, are
equally weighted. Each term in the variance covaaamatrix of the fleet’s harvest portfolio

is then calculated as:
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where:
oo A KRy —k)
Ri =5 ©)

Note that the definition aR; is the same as beforkY;), only now the observation from each
time period is weighted in relevance accordingh® decay factok. The total variancey

of the fleet harvest portfolio is then defined:

5% = Xit1 Z?:l 0jjWiWj = Pjj0i0;W;W; (7)
whereo; is the standard deviation &f, g;; is the covariance in revenue between species
andj, except wheri = j (meaning we have;;), at which point it refers to thearianceof R;,
that is,a?. pij is the correlation coefficient between the revenfeei and;j and when = j,
it must be equal to 1.
With the definitions of the different variablesptace, the quadratic programming problem is
then:

Minimize 65 = YL YL, 0;w;w; (8)

subject to:

R@ = Z?:l wiRi > T@, ini < PLl (9)

where Ty is some target level of revenue for fleet harvesttfolio @ , and PL; is a
precautionary catch limit set by management focigseé (specifically it is a species weight
constraint within the harvest portfolio). By camgi out the optimization procedure for

increasing values dfy (starting from zero) the minimum level o)(f for each value oRy is

58



calculated. Plotting the different valuesagf for every value oR, produces what is termed,

the efficient frontier of the entire fldet

In this case, the efficient frontier represents mhi@imum expected variance the fleet can
achieve on the basis of historical covariancegdioto attain its target expected revenue. Or
perhaps more accurately how fishery managers wilket the fleet to behave given historical
outcomes. The final determinant of the fleet's ¢artpvel of revenue, given the expected
variance associated with it, will be the aggregatdude of all fishers within the fishery
towards risk, represented through the risk averpamameterep, and this in turn will
determine the weight allocated to each specieswitie fleet's portfolio; it is by adjusting
the species weights (either through the fleets degision making or through management
determined quotas) that the fleet target portftiavels along the efficient frontier. Once a
target level of revenue is set, the harvest poatfa$sociated with it is delineated by directing
fishing effort into achieving the weights that widletermine such a portfolio’s expected
revenue and variance. There is a depiction of ¢tegionship between the efficient frontier,
aversion to risk, and the expected utility curvé-ig. 3.1. Fleet 1 has a high aversion to risk,
and therefore selects a mix of species which résudtw revenue, but a correspondingly low
expected variance (expected utility curve 1). FBeet at the opposite end of the scale and is
less risk averse and selects the mix of specieshnéachieve higher expected revenue but

expose the fleet to a higher level of variance éexgd utility curve 3).

® The portfolio analysis described above was cawigdn the software package GAMS. The algorithnmduseGAMS/CONOPT is
based on the GRG algorithm first suggested by Abadd Carpentier (1969). Details on the algoritiam loe found in Drud (1985
and 1992). The procedure first uses initial valeesompute a feasible solution. Then the conssant initial parameter values
for the predictor variables are combined in orderdlculate a gradient for the goodness of fit meathat can allow updating of
predictor variable parameters from their initialues. If the change in the parameters along treutzed gradient equals or is
below the minimum threshold for goodness of fitrupg, the algorithm is said to have converged. @tserparameters that can be
profitably updated are changed in the calculatedcbedirection using a pseudo-Newton updating m®cEhe procedure continues
until either: the minimum threshold for goodnesditothange is achieved, conditional upon the djgeparametric constraints; or,
the maximum allowable number of algorithm iterasiagsm achieved. If this threshold minimum is notiagld in the maximum
allowable algorithm iterations, the algorithm isdse@ not have converged.
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Figure 3.1: Hypothetical efficient frontier and expected utility curve of three different
individuals, each with a differing aversion towardrisk
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3.4. Data and the Irish Mixed Species Fisheries
The seas around Ireland contain some of Europe’st maportant fishing grounds. Irish-
Atlantic coastal waters, the West of Scotland ceast Rockall, the Celtic Sea and the Irish
Sea possess a rich abundance of commercially fispedies and diverse marine habitats
which support them. According to statistics frora thsh Sea Fisheries Protection Authority,
the total value of fish landings in the Irish fisies sector in 2008 amounted to €214 million
(SFPA 2010). Comprising 16% of total EU waterssfir Naval Service 2007), Irish
territorial waters are currently governed as péithe European Union’s Common Fisheries

Policy (CFP). The reform of the CFP in 1983 estildd the concepts of Exclusive
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Economic Zones (EEZSithin EU waters, relative stabilityand conservatory management
measures based on TACThe quantities of fish caught in EU waters to@ag therefore
regulated by determining the annual TAC of each mencially fished species through
scientific advice and a political process estalisiinder the CFP. Member states are then
allocated a share/quota of this TAC on a fixed @etage basis, determined largely by their

historical fishing patterns and relative dependemtyhe fishing industry.

The Irish fish catching sector is largely comprisgfddeep water, demersal, pelagic and
shellfish fisheries (see Table 3.1 for a breakdoiviish fishing segments and relevant target

species).

Table 3.1: Irish species pertaining to each segmeeaf the Irish Fishery

Segment  Targeted Species

Pelagic Pelagic species: Mackerel, Herring, Horse Mack@&ieie Whiting, Sprat,
Sardines

Polyvalent Whitefish Species: Monkfish, Megrim, Haddock, Wihgj Cod, etc. Dublin
Bay Prawns/Nephrops,
Pelagic Species (limited quantity). Inshore Non-@ushellfish Stocks

Beam- Flatfish species: Sole, Plaice, Megrim, Monkfish

trawl

Specific Bivalve Molluscs: e.g. Mussels, Scallop, Razor dam

’ Exclusive Economics Zones can be defined as thiéotéal waters of a nation, extending to 12 naaitimiles from the baseline.
First established under the 1983 review of the GRB,method of allocation was initially adoptedptmmote political stability,
allowing each member state’s fishing effort to rem@nstant, relative to that of others. It alseegipreference to the fishing
dependant countries of Northern Europe under ttgukl®esolution (Boude, et. al., 2001).

8 TACs are shared between EU countries in the fdfrmational quotas. For each stock a differemtcaltion percentage per EU
country is applied for the sharing out of the gsot@his fixed percentage is known as the relatability and ensures current and
future catch shares are based on historical levels

9 TACs are placed on each fishing zone, within EAfens. These limits are determined by ecologicalests and analyses, with
final catch levels set annually by a meeting oflueopean Commission of Fisheries Ministers. Kssablished under the 1983
review of the CFP, this method of allocation watally adopted to promote political stability, alling each member state’s
fishing effort to remain constant, relative to tbéabthers. It also gives preference to the fiskdegendant countries of Northern

Europe under the Hague Resolution (Boude, e2@D1).
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My analysis focuses, firstly, on the Hake, Monkfesid Megrim fishery and secondly on the
Cod, Haddock and Whiting fishery. This is becalmse¢ fisheries are multi-species in nature
and therefore the type of fisheries where crossispeeffects of single species quota
constraints occur, making them suitable for aniappbn of the portfolio approach. They are
also fisheries in which substantial species intateeness is documented in the scientific
literature (Hislop 1996; Garrod and Harding 1985aD et al.1985; Daan 1989; Koster and
Schnack 1994; Bromley et al. 1995; Trenkel et &04). Given the extent of species
interrelatedness that exists for the fisheries ustiedy, a portfolio theory approach, which
estimates a variance covariance matrix across epecatch quantities seems a viable

approach to incorporating species interdependency.

Ireland’s quota for the Hake Monkfish and Megrirehiery comprises 9% of the EU TAC.
The fishery generated €18.9m in dockside revenu0@4 and accounted for 29% of
demersal landings. Both Hake and Monkfish can bgetad using either longline, trawl or
gillnet methods and are therefore core target speof the polyvalent and beam trawl
segments of the lIrish fishing fleet. Megrim is klggcaught using trawling methods. While
the beam trawl segment comprises only 1% of theelsesn the Irish fleet and 2% of the
capacity, the polyvalent segment represents 85#eofieet and 48% of capacity (Cawley et
al.et al. 2006). In recent years, the Irish quotaHake and Monkfish has increased by 12%
and 30% respectively yet Cawley et al. (2006) pount that recent ICES advice suggested

Monkfish was ‘over-exploited in relation to its higst yield'.

The Cod, Haddock and Whiting fishery have also @rpeed declining stocks in recent
years. Indeed there has been a dramatic declinéodfin all the main fisheries around
Ireland and in the North Sea (Cawley et al. 200@&Jand’s quota of Cod, Haddock and
Whiting amounts to 17% of the TAC and the firstrgoof sale value was €12.1 million in

2004. Landings of Cod, Haddock and Whiting accodirfir 18% of the total value of
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demersal species landed in 2004, contrasting gtasith a 26% contribution in 1995.
According to Cawley et al. (2006), this had led'smnificant displacement of traditional
fleets from these areas and today many of the largssels from the Greencadlldleet
travel regularly to the Celtic Sea to fish. Likewithe traditional Irish Sea whitefish fl&kt
has all but disappeared. It is clear too that asemessels turn their attention to the Hake,
Monkfish and Megrim fishery in the Celtic Sea aadhe Dublin Bay prawn fisheries both in
the Irish Sea and off the south-west coast, thésady heavily fished stocks are very
vulnerable to further over-exploitation’ (Cawley at 2006). More recently, the Irish stock
book (2011) finds that Cod and Whiting are overkpleited and severely depleted in the
Irish Sea. In the Celtic sea surveys revealed and@nd trend in the biomass and abundance
of Cod, Whiting and Hake. Recent dedicated anglefflonkfish surveys indicate a decline

in abundance since 2007.

The historical price and quantity data used indhalysis is collected by the Sea Fisheries
Protection Authority (SFPA) and reported annually the Irish Central Statistics Office
(CSO). The SFPA collects and analyses data ondrslings and fishing activity by all Irish
vessels and foreign vessels landing into Irelankis Tata includes information on the
guantity, value, and location of fish caught, tgetwith effort data and details of fishing
methods used. Fish and shellfish are landed atfittee major fishery harbour centres
(Killybegs, Castletownbere, Howth, Rossaveal, anohribore East), at 40 secondary ports
(each with landings exceeding €1m) and a furthepi8fs and landing places across Ireland
(Cawley et al.2006). The reveng, generated by each species in each year is cadulat

using the total quantity;, of each speciesrecorded/landed at all of the main ports around

1% Greencastle is a significant whitefish fleet in the North of Ireland (Donegal). As such, the large scale vessels
within this fishery have the capacity to relocate effort to the South of Ireland in the Celtic sea, adding extra
fishing pressure to stocks in these areas.

" This fleet constituted family owned artisanal fishing vessels usually less than 15 metres in length
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Ireland in that year, and the average docksideejcof each species for all of the ports
during the year.

The sample period used in the analysis is 1971 28@4. While data for years earlier than
this is available from the CSO for the Cod, Haddanokl Whiting fishery, it is not available
for the Hake, Monkfish and Megrim fishery. The iple variables reported by the CSO for
Irish fisheries are species class, aggregate Igadinby port/consumption
category/month/average live weight per tonne aridevAy main species. While individual
vessel level data would be more useful for an iptlle@conomic analysis of each fishery, the
portfolio approach lends itself well to the anadysf aggregate price and quantity data, such

as that collected by the CSO in this case.

3.5. Reaults

Using the portfolio theory approach | consider ¢éhdéferent fishery management scenarios.
In the first scenario | look at the status quoaditan in each fishery. This is specified as the
catch composition of the most recently observeddsrportfolio (2004). | then compare this
to the optimal portfolio the fleet could have ated based on historical revenues and
covariances. This indicates the accuracy of theaf®g@redictions about the fleets’ targeting
choices as a whole and the extent of any risk-newebhalancing behaviour the fleet

potentially engages in.

In the second scenario, | replicate a hypothepcatautionary quota constraint for a single
species and observe how the fleet's targeting betiatoward alternative species in the
samefishery changes. This hypothetical scenario ispsma running of the model with a

constraint placed on the potential contributionao$pecific species to the overall harvest
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portfolio. Sticking with this hypothetical case d€thsecond scenario), | replicate the
precautionary measure a second time but allow lgwt to switch its targeting effort to
species in the neighbouring fishery also. | havecggally selected fisheries which are
relevant to each other both through ecosystem die&auch as a predator-prey or competitor
relationships (Garrod and Harding 1981; Daan, Ripng and Overbeeke 1985; Daan 1989;
Koster and Schnack 1994, Trenkel et al. 2004) anthé sense that the multiple species
which make up the two fisheries are genuine haredisrnatives to each other. This is
because fishers within each fleet can alternaggetarg behaviour to the other fishery without
having to incur any substantial fixed costs sinohlisheries fall into the demersal and seine

trawlers category.

If alternating between the fisheries in questiogureed vessels to undergo costly gear and
equipment changes, fixed costs would be far mopoitant in the analysis since fixed costs
act as a barrier to entering a new fishery. Allayvfor species harvesting alternatives in the
modelling process that are not realistic in pracfdue to fixed costs barriers to entry) could
lead to erroneous results if fixed data was ndugted in the model. This study would benefit
from having variable cost data, however this dataot available at this time and by selecting
fisheries that had only marginally different vataloosts, the implication of omitting costs
from the analysis was minimised. The similarityariable costs between the two fisheries is
highlighted by the fact that data on the cost stmés of these two fisheries are aggregated in

Bord lascaigh Mharra (Irish Sea Fisheries Boardijuaheconomic fishery surveys.

In the third scenario, | hypothesize a second pismaary quota constraint being placed on a
different species in the neighbouring fishery. Tiftention is to mimic a situation where the
initial precautionary initiative forces displaceshing effort into the alternative fishery,
increasing the fishing pressure on its stocks, ingusmanagement to respond by

implementing a second quota constraint in the sgteéishery. | then discuss the results and
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the implications of the various outcomes, boththa fisheries in question, and the fisheries

portfolio methodology itself.

Table 3.2 below presents the descriptive statigticshe species in each of the two fisheries
for different values of the decay factor The expected revenue values have the property of
non-monotonicity as the value af changes. This arises because the historical amce
guantity of each species varies across time, affiereit values of. weight different time
periods differently. Where the expected revenueierad highest wheh=0.741 it is likely
that the species was under-exploited in the eapation of the sample period, became
increasingly exploited in the middle period, andrtidue to overfishing suffered decline. The
result shows the benefit of using a decay factoddecribe fishers’ expectations since it
reflects a more accurate depiction of “current” agpnities in the fishery. Table 3.3 presents
the correlation matrix of all potential species time fisheries’ harvest portfolios. The
correlation coefficients range from less than Inémative values suggesting that there

scope for risk diversification in the fishery.

Table 3.2: Descriptive Statistics for Species Reveas (Euros) for different

Average Revenue St. Dev

A 1 0.741 0.549 1 0.741 0.549

Cod 10,971,720 7,131,533 5,649,36. 3,041,685 2,870,629 1,972,226
Haddock 4,945,147 6,390,685 5,800,2( 2,262,687 1,884,751 1,575,015
Whiting 8,088,805 6,685,095 5,583,9. 1,947,514 2,268,947 1,812,277
Hake 5,988,474 5,376,045 4,164,6 3,782,108 2,618,039 1,630,326
Monkfish 6,602,780 10,021,5609,739,959 4,280,490 1,358,567 1,069,687
Megrim 8,079,675 10,031,6908,794,949 4,893,231 2,992,306 2,434,117

66



Table 3.3: Variance-covariance matrix of specie reanues (Euros) forA=1

Cod Haddock Whiting

Hake  Monkfish Megrim

Cod
Haddock
Whiting
Hake
Monkfish
Megrim

1

-0.091 1
0.509 0.023
0.197  0.495
-0.207 0.721
0.051  0.747

1
-0.01
-0.081
-0.023

1
0.764 1
0.829  0.876 1

Scenario 1: The Status Quo Situation

Discussion of the results focuses on a precautyomerasure of 50%, but Table 3.4 (see p.

77) also shows the resulting species weights wherptecautionary measures graduate from

20%, to 50%, to 80%. A precautionary measure ilira constraint on the contribution a

specific species can make to the harvest portfdln® Hake, Monkfish and Megrim fishery

generated €20.53m in real dockside revenues in.2Z004attain this €20.53m in revenue,

Irish fishers within the fishery selected a harvpsttfolio with a standard deviation of

€4.57m (based on the estimated variance/covariaatex). By determining species weights

optimally, | estimate that the fleet could have iagbd that same level of revenue by

selecting a harvest portfolio with a standard diesteof €4.196m.
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Figure 3.2: Efficient Frontier of Harvest Options for the Hake, Monkfish and Megrim
Fishery
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The efficient frontier for the Hake, Monkfish andelytim fishery is shown in Fig. 3.2. The
frontier displays the set of possible minimum vacia portfolios for fleet target revenue of
between zero and €25.43m (the maximum possiblén@rasis of historical averages). The
point of interest in this scenario is the optimalrtfolio for the fleet target revenue of

€20.53m. To reiterate, €20.53m is the revenue tatfleet actually generated, and | am
concerned with determining whether it was possibldo so with less exposure to variance.
While the optimal portfolio at this level of targetvenue lies on a point along the frontier,
the actual harvest portfolio of 2004 is locatedbethis line. This may highlight the potential

for increased efficiency with respect to specided®n, specifically, an 8.2% decrease in
portfolio variance for the same expected revenuesimce | do not have information on cost
or technical interactions that determine the pabfiity/feasibility of achieving particular

combinations of aggregate catch, it is not possibl@etermine this. It may be that procuring

such a portfolio would be less risk-return effidieh profitability was the variable under
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consideration instead of revenue. The ex post nhispecies in the actual 2004 harvest

portfolio vs. the optimal weights are shown in RB¢8.

Figure 3.3: Species Weights for Hake, Monkfish, Megm Harvest Portfolio with Target
Revenue of €20.53m
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The Cod, Haddock and Whiting fishery generated €1@r8 in real dockside revenues in
2004. To attain this € 13.16m in revenue, | estaribat the fleet selected a harvest portfolio
with a standard deviation of €4.088m. The speciegyhis selected through the portfolio
optimization for a harvest portfolio of equal totevenue (€4.088m) resulted in a standard
deviation of €3.92m, which suggests that at thigll®f target revenue there is scope for a
4.11% decrease in fleet portfolio variance. Actioaivest portfolio relative to the efficient
frontier is shown in Fig. 3.4. Again, including \alsle costs in the analysis could very well
undo the appearance of any possible efficiencysgaihe ex post mix of species in the

harvest portfolio vs. the optimal portfolio are shoin Fig. 3.5.
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Figure 3.4: Efficient Frontier of Harvest Options for the Cod Haddock Whiting Fishery.
The actual harvest portfolio of 2004 is the pointfing below the efficient frontier
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These results suggest that if scope for risk-reggnade-off efficiency gains exist, they are
not large, and may even be less if variable costscansidered. As such, it suggests that
fishers already balance targeting strategies betweeenue and risk well. From Fig.3.5 we
can see some species, such as Cod, are more imtportahe real world than in the
optimization. The historical significance of Codlmeland, and the development of an entire
fishing culture around it, can easily explain whyeatures so prominently in the actual fleet
harvest portfolio, despite the fact that it hasowdr efficient revenue to risk profile (see
Table 3.2). It is outside the scope of this papeiattor qualitative observations such as this
into the framework, but it is feasible that anyrateristics of a particular species that affects
the fishing-community utility function in a non-metary way could be incorporated into

such an analysis as this.
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Figure 3.5: Species Weights for Cod, Haddock, Whitig Harvest Portfolio with Target
Revenue of €13.16m
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Scenario 2: Precautionary Measure in the Cod, Hadidl@Vhiting Fishery

Cod, Haddock and Whiting stocks around Ireland haleleclined in recent years; 78%,
39% and 57% respectively between 1995 and 2004rdoty to Cawley et al.(2006), Cod is
severely depleted in all Irish waters, Whiting e trish Sea and off the north-west coast, and
Haddock, while not overly depleted, is consideredraexploited. In this second scenario, the
hypothetical precautionary measure for a singleisgehat is envisaged is a 50% reduction
in the contribution that the Haddock stock can miakéhe total harvest portfolio. | applied
the precautionary quota constraint to Haddock bez&iod is already severely depleted and
there is little scope left for further quotas restons. Once this constraint has been included
in the optimization, fisher’'s must choose a diffdrset of species to achieve the same amount
of revenue, maximizing their utility by selectingetportfolio with the lowest associated risk.

The species weights of the resulting harvest plotiore shown in Fig. 3.6.
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Figure 3.6: Species Weights for the Cod, Haddock a@nwhiting Harvest Portfolio with
Target Revenue of €13.16m under Actual Status QuoQptimal Status Quo and
Precautionary Scenarios
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Given that it is an imposed constraint, the shaithefleet portfolio dedicated to Haddock is
halved and is now 24.3%. While the expected revaiube harvest portfolio has remained
the same, the risk associated with it has increaakxtit by the least amount possible,
therefore utility has fallen. Cod, which had praisty accounted for 5.5% of the optimal
portfolio without the constraint on Haddock, nowcagnts for 25%. Whiting has increased
from 46% to 50.8%. The results show that Cod wdaddthe main species to which effort
from Haddock would be redirected if the fisher wéee to do so (unconstrained by Cod
fishing restrictions). This is not simply becausedGs a more attractive option (results from
scenario 1 show that it is less efficient). A closgamination of Whiting reveals the fact that
a 50.8% share of a portfolio with total expectederaie of € 13.16m is €6.69m (the expected
revenue for Whiting is calculated using a decaydiaof .741). In other words, this is the

maximum expected revenue of Whiting based on hestbaverages.

If the system (biological or regulatory) allowed #my higher revenues to be generated from

Whiting, then it would form an even greater frantiof the harvest portfolio when the
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precautionary constraint was placed upon Haddohk.fiaction of Cod increased because it
was not optimal to have a higher percentage dftii@outset, so it had not reached its limit.
It therefore had more capacity within the optimiaatas an “alternative opportunity”. The

percentage of Cod, Haddock and Whiting in the 4c2084 harvest portfolio was 30.6%,

36.2% and 33.3% respectively. So in reality, tlpacity in the stocks of Cod does not exist.
The result shows that a constraint on the permitegdh of Haddock in the fishery causes
increased effort to be directed toward other speirighe fishery. However, catches of Cod
and Whiting are already at their upper bounds, @ohd them. Thus the multi-species
impact of a precautionary constraint on any onthe$e species is therefore very unlikely to

remain within the fishery.

Continuing with scenario 2, | now consider the ictg@at the precautionary measure has on
the Hake, Monkfish Megrim fishery. The actual 20@drvest portfolio for the two fisheries
generated €33.68m in revenue. To attain this, lénet Selected a harvest portfolio with a
standard deviation of €8.35m. The optimal harvestfplio with revenue €33.68m would
have had a standard deviation of €7.83m. Speciaghtgefor both portfolios can be seen in

Fig. 3.7.
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Figure 3.7: Species Weights for both Fisheries and Harvest Portfolio with Target
Revenue €33.685m
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Hake is not selected at all in the optimizationtas characterized by relatively low expected
revenue (high market value but low historical qitaa®) and a relatively high variance and
therefore only enters the optimal portfolio at &rgevenues above €33.68m where the fleet
will take on more risk for each unit of revenuealso has a high positive covariance with
Monkfish, which is far more efficient in terms @$ irevenue risk trade-off (see Tables 2 and
3). Upon inclusion of the precautionary constrantHaddock, the standard deviation of the
optimal harvest portfolio with a total revenue @B368m rises to €8.013m (up from €7.83m).
The species weights are shown in Fig. 3.8. The htigig of Megrim and Monkfish in the
portfolio does not increase simply because it cgnapper bounds on weighting of these
species in the portfolio had already been reachetbré the additional constraint;
approximately 30% each of the €33.68m total revendewever, in the actual 2004 harvest
portfolio, Megrim and Monkfish constituted just 2% and 22.7% respectively. Given the

attractive risk revenue profiles of these stockss thereforevery likely that a precautionary
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measure on Haddock would have a knock on affedchéenHake, Monkfish and Megrim
fishery.
Figure 3.8: Species Weights for both Fisheries and Harvest Portfolio with Target

Revenue €33.685m under Actual Status Quo, Optimalt&us Quo and Precautionary
Scenarios

0.3500

0.3000

B Actual 2004 weights
0.2500

0.2000

B Status Quo Optimal
Weights

0.1500

0.1000

0.0500 Weights with 50%

Precautionary Limit on
Haddock

0.0000

Scenario 3: Precautionary Measures in the Hake MishkMegrim Fishery

ICES claim that Monkfish is not over-exploited ielation to its precautionary limit.

However, because of the severe decline of whitedtsitks such as Cod and Whiting in
recent years, many of the traditional fleets hasenbaffected. The result is an influx of new
vessels into alternative fisheries. Where stockaniralternative fishery are already exploited

beyond optimal levels, its capacity to absorb iasesl exploitation rates is limited.

In this scenario, | implement a hypothetical preanary quota restriction on Monkfish. The
results of a 50% reduction in the contribution Mfistk can make to the harvest portfolio are
shown in Fig. 3.9. The new optimal fleet harvesttiptio has a standard deviation of

€8.471m.
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Figure 3.9: Species Weights for both Fisheries and Harvest Portfolio with Target
Revenue €33.685m under Actual Status Quo, Optimalt&us Quo and Precautionary
Scenarios for Multiple Species
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When precautionary constraints are placed on baitideick and Monkfish, fisher utility is
further reduced by forcing fishers to select a bar\portfolio with a higher level of risk in
order to maintain status quo revenues. As thetsesufgest and as is outlined in the Cawley
report, declining whitefish stocks force fishingoef into the Hake, Megrim and Monkfish
fishery. However given a scenario of overfishingl gsirecautionary quota constraints on
Monkfish, expected revenues from this fishery distinand the weighting of Cod in the
harvest portfolio increases again. This suggestisahy upside for Cod stocks that may arise

from effort being redirected into the alternativghery is beneficial only in the short term.

Table 3.4 sets out the impacts on species seledtioivarying precautionary measures.
Increasing the precautionary limits on Haddock duwhkfish to 80% shows the outcome
more pronouncedly, with the species weighting ord @eaching its highest amongst all
optimizations. Interestingly, it is infeasible teltheate a harvest portfolio with target revenue
of €33.6m with precautionary limits this extremeedpite a lower variance than harvest

portfolios in other precautionary scenarios, th@dorevenue associated with this portfolio
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results in the lowest possible utility for fish@rsiongst all scenarios. This captures the reality
that fisheries today face. In the medium term,itlggact of declining stocks can be offset by

bearing more risk or investing in superior fishteghnology. Eventually however, stocks are

driven so low, that the only possible outcome falhin revenue. This is a classic result of

overcapacity, and the impetus for measures such paxperty rights and fleet

decommissioning.

Table 3.4: Species Weights under Various Precauti@ny Scenarios

Harvest Portfolio Cod Haddoc| Whiting Hake Megrim omkfish | Portfolio St. Dev
Revenue
(Euros)
2004 Observed 1195 .1413 .1299 1079 2741 2273 3,683,782.61| 8,348,096
Precautionary| Precautionary
Reduction in| Reduction in
Haddock Monkfish
0% 0% .1489| .1898 .0659 0 2977 2977 33,684,782.61833,068
20% 0% 13 152 123 0 .298 .298 33,684,782.61 898
20% 212 .038 .198 .016 .298 .238 33,684,782.61 867150
50% .212 .038 .198 .105 .298 .149 33,684,782.61 883782
80% .219 .039 .206 .165 .308 .062 33,684,782.61 878745
50% 0% A11 .095 .198 0 .298 .298 33,684,782.61 13302
20% A71 .095 .198 0 .298 .238 33,684,782|61 86120,
50% .212 .095 .198 .049 .298 .149 33,684,782.61 978052
80% 212 .095 .198 .138 .298 .06 33,684,782.61 T783A2
80% 0% .168 .038 .198 0 .298 .298 33,684,782.61 663559
20% 212 .038 .198 .016 .298 .238 33,684,782.61 283,38
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3.6. Discussion and Conclusions

This Chapter used the portfolio theory frameworkdevelop a model which might assist
fishery managers and policy makers to better ptedeclikely changes in the composition of
fishers’ harvest portfolios when precautionary noe@s on a single species are implemented.
Fleet expectations about species revenues andiaonvas were modelled for the Irish Cod,
Haddock and Whiting and Hake, Monkfish, and Megrfiisheries using the historical
averages of species prices and landed quantitiesexponential weighting factor, which
captured fisher’s inclination to weight recent eemore highly in forming expectations
about future events, was also used. Actual vsn@dtstatus quo (the result of the portfolio
optimisations before constraints are added) spesésction and the scope for potential
efficiency gains were shown, both in terms of speaveights and relativity to the efficient
frontier. Hypothetical precautionary scenarios/¢rists were also set out, and the potential
impact of these measures on fisher's targetingoglsoand species weights in the harvest

portfolio selection were assessed.

The results of the comparison between the actudlogrimal status quo scenarios suggest
that the Cod, Haddock, Whiting and Hake, Monk, Mmagfisheries may already engage in
risk-return balancing behaviour, since the diffeebetween portfolios was small and given
data on cost and technical interactions, may ben égss substantial. The quota change
simulations indicated that large quota changes @ingle species will lead to a greater
retention in the live-weight catch of alternativgpesies in a multispecies fishery.
Furthermore, it was possible to estimate quantgatialues for this, the idea being that
fishery managers could use such predictions tanmfihem about changes to future harvest

rates for various species in a multispecies fishery
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There were certain issues with the data and théadetogy which limit the reliability of the
results and which should be considered when indéry results for policy
recommendations. Primary data constraints werecla ¢d cost and technical interaction
information. This information is very relevant tislfermen’s final harvesting decisions and
its omission compromises the assuredness with wiehresults can be interpreted. The
consequences of such omission was minimised howeyeconsidering fisheries where
variable costs are similar across species and foasts of entry do not exist between
fisheries. Another issue is that variance is mesabas changes in annual total revenue over
time. This variation may be dependent on many faci@nd therefore not strictly identically
and independently distributed over time. It is giessible that the actual variance in species
harvests is different to that estimated in thiddgtbecause the data used represent only a
fraction of retained catch in the fisheries undeerdg, the rest of the retained catch being

accounted for by non-Irish fleet.

There is scope for the portfolio framework to assissetting multiple TACs across species.
The ability to predict the direction into whichHiag fleet will refocus targeting effort once

guotas have shifted can help to inform policy makayout quotas required for other relevant
species. Also, where negative multi-species/mighdry impacts of a protective measure are
predicted, a structural rationalisation such astfldecommissioning may be appropriate in

the fisheries affected rather than simply relyimgnaore precautionary quotas alone.

Overall, while development of the methodology amgbiovement in data would be needed
for practical use, and future work in this areaudtidake stock of this fact, the results suggest

that there is scope for the portfolio theory frameéwto add value and assist fisheries
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managers in multi-species-based fisheries managerkemther work implementing the
methodology using simulated fleet cost functionsessmated by Rockmann et al. (2009)
could lead to improved estimator accuracy. Mulseiplinary collaboration with fisheries
scientists and managers in design and applicatfotheo portfolio approach may also be
fruitful. Finally, comparison of species weightsu#ing from alternative scenarios with the
output of structural ecosystem models might sheithéu light on fleet behavioural dynamics

following quota changes.
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4. Shortcomings in the European principles of ICZM; asessing
the implications for locally orientated coastal maagement
using Biome Portfolio Analysis

4.1. Introduction

Despite the initial incorporation of Integrated Gt Zone Management (ICZM) as one of
the primary mechanisms of environmental policy gddpwards sustainable development of
European coastal areas, further evaluations havdolean awareness of the need for an
updated ICZM initiative. In particular, the devetopnt of a Marine Strategy Framework
Directive (MSFD) and an overarching Maritime PolilyC, 2012; NWWRAC, 2007) is
likely to assist in the European adoption of ICZhce they may well provide the medium
through which ICZM is shaped, implemented, and ghtunto legislation. The MSFD (EC,
2008) in particular recommends environmental andlogical indicators as a means of
assessing current environmental status and to gfhektiveness of the Directive’s measures.
The ability to update directive measures accordmgheir performance across the marine
regions is also outlined under the principles nmetato adaptive management and spatial
considerations. As such, the MFSD and the natutkeoEU Commission’s maritime policy
very much reflect developments in the existing#tere on what form ICZM should take and
how it should be implemented (Breton et al, 2006b&udt et al, 2008; Diedrich et al, 2010;
Forst, 2009; Meiner, 2010). In sum, what is emaggs1the requirement of an integrated,
spatially based form of coastal management whibkerently addresses the issue of risk and
uncertainty and is adaptive over time to allowifaprovements which were not foreseeable

in earlier versions of ICZM.

In this paper Biodiversity Portfolio Analysis (BPAMills et al, 2009) is put forward as a

management format which attempts to incorporatefatiese requirements into its approach.
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At first glance, it may seem unusual for a methodglstemming from the management of
financial assets to have an application in thelfa@l biodiversity conservation, but in recent
years, researchers in that field have highlightesl duitability of the concept, due to its
explicit trade-off between expected payoffs andosxpe to potential risks/losses (Figge,
2008). Markowitz (1952) developed a quantitativérdigon of the relationship between the
riskiness of an investment, and the expected retisset managers compose portfolios of
assets such that both objectives (minimising rigk dchieving a desired level of expected
return) can be optimized. In a similar way, societyst balance between two alternative
decisions. One of these is to ensure healthy emviemtal status allowing society to consume
the wide array of services that flow from healtlepgystems. The other is allowing human
activities which are economically necessary, tapea. Limiting one to promote the other is
at the heart of all environmental decision makifg.Figge (2008) points out, ‘the expected
benefit which society derives from species, gemascosystems is uncertain, but this risk can
be partially diversified away by combining variogpecies, genes or ecosystems in a
biodiversity portfolio’. In this way, rather thanaking isolated environmental management
decisions, society’s decisions between the twarsdteszes would focus on aggregate values
of services and risks, aiding the decision makingc@ss and allowing for optimality in the
trade-off between the two societal goals. It shdaddchoted that the approach does not go all
the way to valuation of ecosystems, but rather doak survey participants perception of
ecosystem ‘service values’ and considers theiretrafl with participants’ perceptions of

risks.

Aside from the need to update ICZM and tailor itré@ent policy recommendations, more
critical problems exist for the ICZM paradigm aw/laole. ICZM is steeped in the notion that

stakeholder participation in environmental decisieaking can improve the effectiveness of
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environmental management initiatives. When theufailof environmental management
initiatives is due to a lack of coordination betweearious stakeholders and centralised
coastal managers, there is truth to this lattelonoHowever, there may be instances where a
lack of coordination is not the source of the peotl Environmental problems, and the
failure of management responses to solve them, ariag not out of poor coordination, but
out of entirely contradictory environmental/societad economic/stakeholder goals. Simply
put, there may exist, economic incentives for dtakders to act against the environmental
goals of society. In such an instance, environnigntzblems may not be solvable by group
discussion and consensus, but by prioritization ifall likelihood, centralised coastal
management decisions. While management integratiay be desirable, deciding between
top-down (managerially centralised) and bottom-opglly based) management decisions is
not only a methodological issue, but a politicagislative and philosophical one. To explore
this issue further, this paper analyses the diffegs in the attitudes of marine scientists and

local stakeholders towards an environmentally seesarea of the Irish/European coastline.

BPA is employed as the format through which to esplsome of these problems in this
study. In this way the validity of BPA as a tool 1€ZM is tested (given the updated status
of European maritime policy) but it also servesasedium for highlighting the extent of the
implications of having contradictory ICZM princiglein EU policy recommendations.

Section 2 discusses the emergence of ICZM and sunibe literature which identifies

specific problems with the concept. Section 3 aedi the BPA methodology. Section 4
presents the background to the study area andoseBtipresents the results. Section 6

includes a discussion and the conclusion of thepap
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4.2. Strategic versuslocal Principlesin |CZM

The concept of ICZM emerged in the scientific comityiof the 1970s, developed through
the 1980s and entered the international politiceahe during the Rio Earth Summit of 1992
(Bille, 2008). The European Union Recommendation2002 outlined 8 core principles
which a European adoption of ICZM should includé€C{E2002). McKenna et al. (2008)

divide these principles into three distinct grodded here as they appear in the paper:

1. Two ‘procedural’ principles: support and invalvent of relevant administrative bodies
and use of a combination of instruments that aceded on the attributes of the methods and

procedures that might be used to best advance ICZM

2. Three ‘strategic’ principles: broad overall gerstive, long-term perspective, and working
with natural processes. These principles mainlydoattention on long-term goals, and fit

easily into the sustainability ethos that domina@stemporary environmentalism.

3. Three essentially ‘local’ principles: local spetty, adaptive management during a

gradual process, and involving all the parties eomed. These can be regarded as a
balancing set to the second group, because theg faterest on specific areas and problems,
encourage tailoring of management to local conagiand encourage the participation of the

public in formulating management policy.

McKenna et al. (2008) claim that because the plasi are presented as a menu of free-
standing options, with no prioritization either kit or between groups, irreconcilable
differences in strategy arise. Billé (2008) alsguas that the idea that all conflicts can be
resolved with a consensus agreement is a simpbsiief which arises out of three flawed

assumptions; firstly, that environmental manageneeat problem of coordination, secondly,
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that consultation is the solution to this lack obaination and thirdly, that consultation is
inseparable from consensus. Billé (2008) also sasséurther criticism of ICZM which he
refers to as the positivist illusion. Many callg fionproved management of coastal areas
stress the need to develop the scientific undedsignof marine and coastal ecosystem
processes (Botsford et al, 1997; POC, 2003; Pikgclal, 2004). However, many natural
processes are (and will remain) far beyond thelrefscientific understanding. For example
Johannes (1998) demonstrates theoretically thatniteption of a rational management of
Indonesian coral reefs alone would require at 1d@8tperson-years to collect the necessary

data, a process which would have to be repeateabiiyn

Realistically, management of coastal areas involweking decisions under imperfect
knowledge and uncertainty. Collating explanatoriagdout human and ecosystem processes
until definite outcomes can be predicted (while stning to be strived for) cannot
realistically be the precursor to every managendestision. The therefore subjective reality
of management decisions, as opposed to the pasitifision, can make management
decisions affecting the economic, cultural and aogoals of the local community
controversial in nature. Examples of controvergiavironmental legislation are abundant;
constraints on commercial fisheries such as catatag and marine protected areas have
significant impacts on the livelihoods of fishingpnamunities, input constraints on
agricultural production, designed to attain setelsvof environmental standards, reduce
agricultural output and elsewhere, Hynes and Ha(2896) document the conflict between
typical water use values and hydro-electric schewmes‘wild” rivers. In any of these
examples, scientific diagnosis about the envirortaigndamaging effect of the practice in
guestion, and predictions about the subsequentfiteerod said constraints, is subject to

scientific uncertainty (Kinzig and Starrett, 2003).
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The reality then is that while scientific understang about environmental processes may not
be in a position to perfectly inform society and fiolicy makers on the optimal use of
environmental resources, decisions still have tanlagle. The objective of any approach to
environmental decision making then, must be to ideenvironmental manager’s with the
best information possible, and a feasible way okintadecisions that can optimise resource
use (Fabbri, 1998). Since deciding between managerakernatives will unavoidably
involve qualitative, as well as quantitative distions, the decision making process requires
a modelling framework which assists in this. Susbeations support the basis of using BPA,
given its integrated, qualitative and spatial framaek and the next section examines how
such a technique might be used in practice. Furtber, the contrast between scientific and
stakeholder perceptions can be quantified by comganeir feedback in the BPA analysis to

one anothers’.

4.3. Methodology

The Biodiversity Portfolio Analysis (BPA) as devpetr by Hills et al. (2009), is a spatially
orientated framework which marries the input of tflbeal and scientific communities,
stakeholders and local agencies to form a broadviewe of the contribution that various
geographical biome types in the local area maksotety. It is intended to assist coastal
managers in deciding between alternative policyisimes by allowing for a qualitative
assessment of their impacts on the cultural, soe@nomic and environmental services that
the various biome types of an area provide. Onthefattractive features of BPA is that it
incorporates threats/risks to the biomes underystinio the analysis, and uses this

information when balancing between alternative nganzent strategies. It is a derived from
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the financial portfolio theory of Markowitz (1952nd therefore deals explicitly with optimal

trade-offs between risk and return across divesseta.

BPA requires the identification of geographicalamer “biomes” from which ecosystem
services, and hence the value of their societdufns”, are derived. Associated with each
ecosystem service/return, and thus each biomerigk &0 the return in terms of the scale of
the extent and seriousness of various threatshigncase then, the “assets” in question are
environmentally sensitive biomes which derive ttagithropocentric value from the multiple

market and non-market services that their biogguacaeatures provide to society.

According to Hills et al. (2009), once a basic ustending of biomes, risks and returns for a
study area is built up, various scenarios can heldped based on possible management
interventions; these scenarios can be assessdtidioreffect on the risk and return of the
biodiversity portfolio. Four key sets of data aeguired for the framework to be operational;
biome type, spatial area of biome, services arisingof each biome and threats to each
biome’s functions. The degree of return for thedgtarea's biodiversity portfolio can be

defined as:

; esv ’ ba; (1)
and the degree of risk as:

thi * ba 2

i=1

Where esy is the ecosystem service value of biomba, is total area of biomg and bt; is

the scale of threat on bionneThe method requires values be placed upon thelbveturn
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from each biome, the mean return of all biomeshm $tudy area, the risk/threat to each
biome and the mean of the biome risks in the saudg. Risk and return values are evaluated
on Likert scales allowing for direct comparisonthé trade-offs between the two. Local
stakeholders and/or scientists with knowledge efdtudy area provide the rankings on these
scales for the alternative biomes. Typically, im@-market valuation study, researchers
attempt to estimate the monetary value of an enmental asset. BPA is not generally
concerned with monetary values, but requires arggalystem which treats market and non-
market services and risks with equal weight. Thia icrucial strength of the BPA approach

and what sets it apart from typical cost benefélgsis.

The attributed scale values allow for a compariebrihe risks and returns derived from
different biomes, the relative positioning of therbes when plotted on a scatter gram plot
(in terms of risk and return) and identificationtbé relationship between the risk and return
of different biomes. The latter exercise, whereraations in the risk factors across all
biomes are identified, is one of the potentiallystnaseful tools of BPA. Correlations are
identified by determining the extent to which bi@migave a common response to threats.
Biomes with a similar response to threats have tipesicorrelation, biomes with an
alternative response to threats have negativelatime and those showing neither alternative
nor similar response are not significant. Theretlaree terms for describing the extent of any

relationship between biomes:

Independentwhere correlation between any pair of biomesoissignificant, then the threat
factors for these biomes are not related, i.e. thepond in an independent fashion to threat

factors;
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Associatedwhere the correlation between risk factors fgaa of biomes is significant and

positive, then the threat factors impact upon ibenles in very similar way;

Resilient where the correlation between any pair of biomesignificant and negative, then
threats that can greatly impact upon the ecosystmwices in one biome tend to have little

impact upon the other biome.

Hills et al. (2009) also develop the notion of palib impact sensitivity (PIS) which they
calculate by scoring all of the biome pairs as “A1,0r 0 according to whether they are
associated, resilient, or independent, respectivigd then sum the values to determine the
biome portfolio's overall level of association/fiesice. For example, a portfolio made up of
biomes that are largely associated with each ath&erms of responsiveness to threats will
have very high PIS, whereas the opposite is trug pdrtfolio made up of resilient biomes.
The lower the PIS of the biome portfolio, then gwesier it will be for manager's to make
decisions that yield highest possible biome retwhde “containing” risks. A higher PIS
value however will mean that a single or small nembf threats could have a highly
negative impact on the ecosystem services arisutgob many of the biomes within the

management area.

Integral to the methodology is the process of deit@ng each biome in the study area as
well as the ecosystem services provided by thahbiand the risks/threats it is exposed to.
As a starting point, this is achieved through refiee to the relevant literature (Hills et al,
2009; Costanza et al, 1998). However, given thaf Bf intended as an integrated and
stakeholder engaged management format, this intovmas also compiled through the

organisation of a locally based stakeholder worfgsh@lso during the workshop, values for
the biome risks and services are assigned by ttieipants. The depiction of local attitudes

is therefore captured by the results of a stakeit@dalysis workshop.
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One of the aims of this study was to identify theeat of the potential “attitude gap”
between the scientific community and local inhatigawith respect to the question of how
ecosystem services rank in terms of their anthrepioic value and to what extent risks, both
manmade and environmental, threaten the provisidhase services. In order to do this it
was also necessary to attain a depiction of a sficeor strategically minded attitude towards
the same biomes, services and risks, which featartte stakeholder analysis. Therefore, in
addition to the stakeholder analysis, a secondysisalvas carried out, using the same survey,
but valuing services and risks according to theniopis of marine scientists with in-depth
knowledge of the study area. The survey format usdmbth consultations can be viewed in

Appendix B.

Through the consultation with the stakeholder gralpecosystem services and risks were

rated on a scale of O to 3 where:

0: {if service = negligible ecosystem service predd

{if risk = threat factor has no impact

and:

3: {if service = extensive to complete service prodide

{if risk = threat could destroy biome function

where ‘extensive to complete’ is taken to mean thatservice is highly valued and present
in the area.
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In later consultations with scientific opinion, theery same analysis was carried out,
recording the values assigned to ecosystem seraimshreats to allow for comparison with

the results of the stakeholder analysis.

4.4. Coastal Study Site and Selection of Biomes, Services and Threats

The study area in which the BPA was based was é¢hegula of larras Aithneach, which is
located in Connemara on the western coast of ldelanthe South of the Connemara
Mountains (the Twelve Bens), West of Lough CorrihdaNorth of Galway bay.
Geographically, this area is characterised by hilbcky, low yielding agricultural land,
blanket bog, heathland and coniferous forest. Baipgninsula, the landscape is bounded by
a rocky coastline interspersed with sand beachhsreTare also many small freshwater
loughs distributed around the landscape. A maphef larras Aithneach study area, its
location in Ireland and the associated biomes ifledtin the stakeholder analysis are shown

in Fig.4.1.
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Figure 4.1: larras Aithneach Peninsula in Co. Galwg
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This area was specifically selected due to therdevdiogeographic features by which the
peninsula is characterized. The coastal inlets ratdarras Aithneach are the location of
previous, current or potential aquaculture projeetbich offer good economic and
employment opportunities to the local community bate controversial from an
environmental perspecti&llingsen et al, 2009; Liu et al, 2007; Liu et 2010). Unique
habitat types which larras Aithneach possessesanastrategic conservation measures, but
often these conservation measures can clash watl lEconomic goals. For example the
cutting of turf on local peat bogs is prohibitedhigh directly increases the costs of fuel
consumption for the average household in larrasn&iach. Moreover, the harvesting of peat
is a tradition in itself and has a cultural valee the community. Other areas amongst the
diverse terrain types are of cultural importancéhimarea, such as the many small islands off

the coast of Carna. Some of these islands wereinhabited by the same ancestors of those
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living in the community today, and islands suchQalean Mhic Dara are part of an annual
traditional religious pilgrimage. The economic, istccultural and ecological trade-offs that
exist for the management of this area make it itt@ahn assessment of potential incoherence
in the local and strategic “free-standing” prineiplof the European Council recommendation
on ICZM. Free standing in the sense that each dhoatl have its principles undermined by

other elements of ICZM legislation.

There were a total of eight biomes identified ie #rea for inclusion in the BPA. In some
cases, biome types existed to only a negligibleatem the larras Aithneach study area, and
sufficient data for their inclusion in the studyddiot exist. Removed biome types were salt
marsh and shallow water. Residential/commerciatesps not included in the analysis. The
main reason for this is that it does not constitutbiome” in the sense that it is not a major
regional or global biotic community dominated byaml life. Despite this, case studies of
ICZM for large urban densely populated areas catude residential/commercial space in
the analysis when its scale within the biomes urslledy is significant (Anilkumar et al,
2010). The larras Aithneach peninsula however,p@ih262 square kilometres in size and
having a population of 1,838 (CSO, 2011), has aufadn density of only 0.086 per square
kilometre, thus the scale of human uptake of bigpeece is low. Furthermore, the population
is widely dispersed around the study site rathan tondensed within a particular urban area.
Census 2011 data indicates that less than 16.3824%%6% of the population inhabit the
area’s villages of Carna and Kilkieran respectivétyfact these percentages are much lower
in reality because the census 2011 data is notfiaeaenough spatial scale to represent the

immediate village boundaries alone, and includesessurrounding land areas.

In some cases, biome types were grouped underatagary. This was done when various
classes of biome type were deemed to have the szsuoarce use and exploitation patterns.

Sand inlets, sand dunes, shingles and rock plasfomere categorised as, ‘sand beaches’.
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Other biome types unique to the area were addeldetdist such as peat bogs, agricultural
land (which also included pastures) and coniferfausst. There are many biome types
excluded from the analysis since they do not oacuhe geography of the study site. For
example, Costanza et al. (1998) arrive at an ecaneatuation of biomes such as coral reef,
tropical forest and desert, amongst othErem the stakeholder analysis it also emerged that
coastal islands should constitute a separate bigpe due to their significant cultural and
historical value to the local community. The wabedies biome accounted not just for the
many fresh water Loughs of the area but also fer dlverse network of rivers also. A

definition of each biome is included in Appendix C.

All maps of the study area and biomes containetliwiit were created using ArcGIS and
Corine Land Cover data which is a digital map & turopean environmental landscape.
Corine Land Cover 2006 is the third dataset inreesethe previous datasets corresponding to
base years of 1990 and 2000. The ecosystem seideased in the study were identified
through a combination of stakeholder analysis aferral to relevant literature (Hills et al,
2009; Costanza et al, 1998). They are agricultiisbing, aquaculture, intertidal gathering,
sand/grave/rock/peat extraction, conservation @ster recreation and tourism,
cultural/educational, flood protection/coastal aefs nutrient/waste absorption, renewable

energy generation and land-take (car-parks/rangséveays).

Risks/threats to the biomes were identified throagiombination of stakeholder analysis and
referral to relevant literature (Hills et al, 20@pstanza et al, 1998). These included: climate
change, erosion, flooding (including sea level)risaline intrusion (the influx of sea/salt
water into an area that is not normally exposekigb salinity levels, for example, the study
sites agricultural land and many freshwater lakés)irism and recreation impact, new

causeways and other infrastructure, agriculturange, pollution (including oil spills),

94



invasive  species, marine and terrestrial litter/dunmg, over-gathering  of
shellfish/overfishing, over-regulation and salt dgya. Salt damage was added as a risk/threat
type during the stakeholder analysis as some paatits felt it captured additional forms of
damage that can arise from the sea’s salinityantiqular, airborne salt damage to property
and vegetation. This risk type took on an extraesion in the scientific consultations, as
the risk of salt damage was deemed to apply tosé@eand ocean biome itself, given the

threat of changes in oceanic salinity which couldeaas a result of climate change.

4.5. Resultsand Analysis

The stakeholder group consisted of 14 individudfsge inshore fishermen, two small
farmers, a hotel employee, several homemakers aminanity representatives such as a
journalist, guard (local police enforcement), sdhteacher and priest. A local project
development officer of Udaras na Gaeltachta, (aorad authority responsible for the
economic, social and cultural development of theltaaht -Gaelic speaking areas-) was also
present. Many of the stakeholders present were raembf Forum larras Aithneach; a
community committee made up of local inhabitantshie area, so they were well known in
the community and had a good understanding of ksacid economic issues affecting its
habitants. Dialogue between stakeholders during dinvey was encouraged, allowing
participants to discuss their views and share tkrmdwledge about any particular issue. The
stakeholder group was small, but at the same tiepeesentative of a small rural community
and able to represent the types of concerns tleafopminate such an area. There was also a
focus on explaining scientific terms and conceptshey related to ecosystem services and

risks in the area.
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The list of identified biome types, related ecosgsiservices, and the values assigned to them
from the stakeholder workshop are displayed in @a&bl(a) and 4.1(b). Each value that the
stakeholder group attributed to an ecosystem seigishown in part (a) of Table 4.1, but in
part (b) it is scaled to the spatial area of thaa type it arises out of. For example, the
ecosystem service “fishing” derived from the bionype “coastal water” received an
ecosystem service value of 3 from the workshopigpants. Scaling this to the spatial area
of the biome, which is 10,490 square kilometresamsea return of 31,470 is generated from
fishing in the sea and ocean. For any biome tyipe tdtal of all ecosystem service values
arising out of that biome are scaled and then suintoedetermine the total return of the
biome. Continuing the example, coastal water alsceives a non-zero value for the
ecosystem services aquaculture, conservation stfereecreation and tourism,
cultural/recreational and nutrient/waste absorptibm total, stakeholders gave all of the
services provided by coastal water a value of 1@&ammg that once spatially scaled, the

coastal water contributes 178,338 credits to tha teturn of the localities biome portfolio.

Biome return, or ecosystem service value for eadmé, prior to spatial scale being
considered, can be viewed in the penultimate rowadfie 4.1(a). At this stage, coastal water
provides the greatest return, followed by sand lhesand coastal islands, with peat bogs and
agricultural land also receiving a high valuatidrhe lowest valued biome returns were

coniferous forest, coastal lagoons and water bocespectively.

The penultimate row of Tabl4.1(b) shows biome metwhen scaled according to biome area.
The result is a substantial shift in the rankingreturns in the biome portfolio. For larger
values, it is useful to view biome returns in terafigheir proportionate contribution to the
total biome portfolio return. The final row of Tab#.1(b) gives the normalised value of all
biome returns. This is simply the return of an undital biome divided by the sum of total

biome portfolio return. The coastal water biome aerma the biome providing the greatest
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return, since in addition to its high valuationtie stakeholder analysis, it constitutes a large
part of the study area. However the next greatmstribution to portfolio returns come from

peat bogs. Agricultural land, coastal islands, whiedies and coniferous forest make the
subsequent, descending contributions to biome glmrtfeturn. Coastal lagoons and sand
beaches make less than a 1% contribution to pmrtfeturn which appears as zero due to

rounding error.

Clearly, the inclusion of biome’s spatial areagha calculation of return alters the rankings
of biome returns considerably. The peat bog bioras &n area of 13,500 square kms,
dominating larras Aithneach landscape. This congp#rebiomes like agricultural land and

coastal islands, which have an area of 3,293 sdkraseand 2044 square kms respectively.
As a result, they are overtaken by the peat boméim the ranking of return provision. On

one level this is a legitimate re-ranking of biome¢urns; if there is a greater supply of a
biome then there is a greater provision of itsises: The flip side is the impact this has on
the valuation of returns from very small biomesr lEgample, despite the fact that sand
beaches received the second highest return thrihegktakeholder analysis, its contribution
to portfolio return is less than 1% due to its extely small (just 37 square kms) spatial

ared?

Coastal managers may also want to observe the \wla®m ecosystem service acradb
biomes, not only its contribution withione For this reason the penultimat@lumnof Table

4.1(b) shows the values an ecosystem service engelative to, and scaled to, the biomes

2 While it is desirable from a spatially orientategtgpective to relate the value of a biome’s sesviodts area, it can also
mean that highly valued services from small bioalebut disappear from overall contribution peregas. This is a
concerning feature of BPA. Suppose for exampleahate and endangered species exists in the ctagtain biome. A
non-market value may produce a very high existeratge for the species, which is completely reliamthe coastal lagoon
biome for survival. However, because the biome rdouties so little to total portfolio return, BPA this case, could be
used to justify decisions which threaten the biofoeexample, land-take development. In realityamiomes should be
assigned much higher substitution values than ldyigenes, simply because there are less of theis.elample highlights
why neither non-market valuation or BPA should &éd upon in isolation but should be just 2 eletaavithin a suite of
tools used for ICZM decision making. This issueuigifer discussed in the discussion section of épep
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from which the service is provided, summed acrds®iames. The last column in Table

4.1(b) gives the proportionate contribution of eaehvice to the total portfolio return.
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Table 4.1a: Estimated ecosystem service values abimes based on stakeholder analysis

Service Biome Type

Coastal Coastal Water Sand  Coastal  Coniferous

Waters lagoons bodies Beaches Islands forest Agricultural land  Peat bogs
Agriculture 0 0 3 2 2 1 3 3
Fishing 3 1 3 0 3 0 0 0
Aquaculture 3 0 1 0 0 0 0 0
Intertidal Gathering 3 0 0 3 0 0 0 0
Sand/gravel/rock/peat extraction 0 0 0 0 0 0 3 3
Conservation interest 2 2 0 3 3 2 1 1
Recreation and tourism 3 0 1 3 2 0 1 2
Cultural/educational 3 0 0 2 3 0 2 3
Flood protection /coastal defence 0 0 0 3 2 0 0 0
Nutrient/waste absorption 0 0 0 0 0 0 0 0
Re. Energy generation 0 0 1 0 0 0 0 0
Landtake (carparks/range/causeways) 0 1 0 0 0 0 2 0
Total Service 17 4 9 16 15 3 12 12
Area of each biome (sq km) 10490 31 1306 37 2044 1171 3293 13380

Table 4.1b: Product of biome spatial areas and estiated ecosystem service values based on stakeholderalysis

Service Biome Type
Total value Norm. Value
Coastal Coastal Water Sand  Coastal  Coniferous Peat for each for each
Waters lagoons bodies Beaches Islands forest Agricultural land bogs service service
Agriculture 0 0 3918 74 4088 1171 9879 40140 59270 13.94%
Fishing 31470 31 3918 0 6132 0 0 0 41551 9.78%
Aquaculture 31470 0 1306 0 0 0 0 0 32776 7.71%
Intertidal Gathering 31470 0 0 111 0 0 0 0 31581 7.43%
Sand/gravel/rock/peat extraction 0 0 0 0 0 0 9879 40140 50019 11.77%
Conservation interest 20980 62 0 111 6132 2342 3293 13380 46300 10.89%
Recreation and tourism 31470 0 1306 111 4088 0 3293 26760 67028 15.77%
Cultural/educational 31470 0 0 74 6132 0 6586 40140 84402 19.86%
Flood protection /coastal defence 0 0 0 111 4088 0 0 0 4199 0.99%
Nutrient/waste absorption 0 0 0 0 0 0 0 0 0 0.00%
Re. Energy generation 0 0 1306 0 0 0 0 0 1306 0.31%
Landtake (carparks/range/causeways) 0 31 0 0 0 0 6586 0 6617 1.56%
Total Service Value S for each biome 178330 124 11754 592 30660 3513 39516 160560 369184 100%
Normalised value for each biome (% scale) 42% 0% 3% 0% 7% 1% 9% 38% 100%
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Table 4.2a: Estimated risk value to ecosystem bioradased on stakeholder analysis

Risk/Threat Biome Type

Coastal Coastal Water Sand Coastal  Coniferous

Waters lagoons bodies Beaches Islands forest Agricultural land Peat bogs
Climate Change 0 0 0 0 0 0 0 0
Erosion 0 0 0 1 1 0 0 0
Flooding (inc. Sea level rise) 0 1 1 0 1 0 0 0
Saline intrusion 0 1 0 0 0 0 0 0
Tourism and recreation impact 0 0 0 0 0 0 0 0
New causeways and other
infrastructure 0 0 0 0 0 0 0 0
Agricultural change 0 0 0 0 0 1 3 1
Pollution inc. oil spills 1 0 0 0 2 0 0 0
Invasive species 2 0 0 0 0 0 1 1
Marine and terrestrial litter/dumping 1 0 0 0 0 0 0 0
Overgathering of shellfish/overfishing 1 0 0 0 0 0 0 0
Other 1 (Over-regulation) 0 0 0 0 0 0 0 3
Other 2 (Salt damage) 0 0 0 0 0 0 0 0
Total Risk 5 2 1 1 4 1 4 5
Area of each biome (sq km) 10490 31 1306 37 2044 1171 3293 13380

Table 4.2b: Product of biome spatial area and estiated risk value to each biome based on stakeholdanalysis

Risk/Threat

Coastal Coastal Water Sand  Coastal  Coniferous Peat Total value Norm. Value

Waters lagoons bodies Beaches Islands forest Agricultural land bogs for each risk for each risk
Climate Change 0 0 0 0 0 0 0 0 0 0.00%
Erosion 0 0 0 37 2044 0 0 0 2081 1.45%
Flooding (inc. Sea level rise) 0 31 1306 0 2044 0 0 0 3381 2.36%
Saline intrusion 0 31 0 0 0 0 0 0 31 0.02%
Tourism and recreation impact 0 0 0 0 0 0 0 0 0 0.00%
New causeways and other infrastructure 0 0 0 0 0 0 0 0 0 0.00%
Agricultural change 0 0 0 0 0 1171 9879 13380 24430 17.05%
Pollution inc. oil spills 10490 0 0 0 4088 0 0 0 14578 10.17%
Invasive species 20980 0 0 0 0 0 3293 13380 37653 26.28%
Marine and terrestrial litter/dumping 10490 0 0 0 0 0 0 0 10490 7.32%
Overgathering of shellfish/overfishing 10490 0 0 0 0 0 0 0 10490 7.32%
Other 1 (Over-regulation) 0 0 0 0 0 0 0 40140 40140 28.02%
Other 2 (Salt damage) 0 0 0 0 0 0 0 0 0 0.00%
Total Threat Value R for each biome 52450 62 1306 37 8176 1171 13172 66900 121,281.00 100%
Normalised value for each biome (% scale) 37% 0% 1% 0% 6% 1% 9% 47% 100%
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The format for valuing biome risks (and by valuingjving a quantity’, is meant), shown in
Table 4.2(a) and 4.2(b), follows that for valuirgpgystem services. Once a risk is identified,;
its threat to each individual biome is valued bg thiorkshop participants and then scaled
according to biome areas. Total threat to each éiand the proportional contribution of that
biome to total biome portfolio risk is shown in dast 2 rows of Table 4.2(b). The total value
of each threat type across all biomes and the ptiopal contribution of that threat to total
biome portfolio risk is shown in the lastcBlumnsof Table 4.2(b). An immediate glance at
the data collected on biome risks shows that risk given far lower values than services
from equivalent biomes. While the coastal watemi®ois valued as that with the greatest
exposure to risk, once areas are included in tleeiledgion of biome risk, peat bogs becomes
the most at risk biome. The least at risk biomes,caastal lagoons and sand beaches, both
before and after spatial scale has been includedeircalculation. Interestingly, the greatest
threat across all biomes is over-regulation, onéhefrisks identified during the stakeholder
workshop. The identification of this threat and thigalue it received in the stakeholder
analysis, coupled with the low values given to matser environmental risks, represents a
subtle indication of the divide that exists betwdecal and strategic mind-sets in coastal
development, and the feelings that exist amongstebblders about the implications of

environmental protection and its impact on locatlihoods.

The relationship between the normalised risk amgrmefor each value is shown in Fig. 4.2.
A high return relative to risk ratio in a biome cha considered more desirable since is
provides the returns related to the biome with kassat of loss of those returns. The ratio
acts as an indicator as to which biomes coastahges can focus on in order to maximize
the biome portfolio return relative to risk. Polisiand management decisions that can lower
the exposure of biomes to risk or increase serviggut affecting risk exposure, improves

the return relative to risk profile of the portimliCoastal waters and peat bogs provide the
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greatest return and are associated with the gtedd&s If risks affecting coastal water and
peat bogs were addressed and reduced, this wadddea substantial increase in the return
relative to risk ratio of the larras Aithneach bemortfolio. For example, risks to the coastal
water biome which received a positive value in #takeholder analysis were pollution,
invasive species, marine dumping and over-gathesinghellfish and overfishing. Policy
steps which successfully reduced these risks woaltstitute a positive contribution to the
risk return profile of the areas biomes. The saarelte said for any risk amongst any of the

biomes; however, the impact would be most notieé&lnl large biomes.

Figure 4.2: Normalised risk-return profiles of all portfolio biomes relative to spatial
area of each biome
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Figure 4.3: Normalised risk-return profiles of all portfolio biomes regardless of spatial
area of each biome
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The spatial magnitude of some biomes means that doeninate the larras Aithneach
peninsula’s landscape and therefore the resuttse sialculations are spatially based. For this
reason, the risk return profiles of the biomes as® depictedeforespatial area has been
included in the calculations of risk and returneTxtent of the transformation brought about
by inclusion of biome area in the final calculatiohbiome risk or return warrants this. Fig.
4.3 shows the risk return relationship for eachma@qorior to being scaled according to area.
The result of depicting biome risk-return relatibips in this way is a much more in-depth

and diversified portrayal of which ecosystem sessilocal stakeholders attach value to.

One of the potentially most useful tools of BPAtssability to assign a risk correlation to two
biomes, indeed, the risk correlations amongstiathles in the portfolio. Since any threat can
relate to multiple biomes, understanding the comreensitivity of these biomes to risk

informs coastal managers about the responsiverfigssrifolio risk to various hypothetical
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scenarios. The risk correlation is categorisedgifirarson’s r statisfitand depending on

the value of this calculation, biomes can be as$edj resilient or independent. If two
biomes tend to score highly for the same typessssy then they will have a significantly
positive pairwise correlation (associated). If ménymes within the portfolio are associated,
the portfolio will have high portfolio impact setigity (PIS). For such an area, biome
portfolio risk can be reduced most efficiently kackling those risks which are common to
the majority of biomes, as this will lead to thesagpest reduction of portfolio risk, and

therefore the greatest improvement of the biomé&gm’s risk return profile.

If portfolio biomes tend to score highly for altative risks (are resilient), significantly
negative pairwise correlation will dominate the tfmio, which will therefore have a
negative PIS value. In this case, decisions whicthér expose an individual biome to risk
will not expose other biomes in the portfolio taethame risk. This suggests that overall
biome portfolio return can be increased by develgdiiomes productivity, (for example
through agriculture, fishing and resource extramtio derive more returns to the community
(since the associated risks are confined to indadithiomes). It is important to note that such
development should not overly exacerbate exposursk in a single biome either, confined

as it may be to a single or small number of biomes.

Table 4.3 shows the pairwise correlations for tiredt factors of each biome in the larras
Aithneach area when the calculation is carriedusing the risk and return values recorded
during the stakeholder analysis. Only 2 biomes ldis@ statistically significant pairwise
correlation with each other (at the .01 threshohdmnely, agricultural land and coniferous
forest. At a threshold level of .05, the coastgolan and waterbodies biomes can also be

deemed as associated. This means that the biortfeljporaccording to the risk and returns

13 The Pearson R correlation indicates the magniandidirection of the association between two véemthat
are on an interval or ratio scale.
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values given by local stakeholders has a low, btitnegative, PIS value. This indicates that
from a coastal management perspective, the retlirimeo biome portfolio is resilient to

development of most of the major biomes, withoudtemic risks affecting other biomes in

the portfolio.
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Table 4.3: Pairwise correlation (Pearson’s r) of tk threat factors for each of the biomes based onasteholder analysis data

Water
bodies
(inc. fresh
Coastal  Coastal lochs and Sand Coastal  Coniferous Peat
Water lagoons rivers) Beaches Islands  forest Agricultural land bogs
Coastal Water 1
Coastal lagoons -0.262 1
Water bodies (inc. fresh lochs and
rivers) -0.178 0.677* 1
Sand Beaches -0.178 -0.123 -0.083 1
Coastal Islands 0.094 0.135 0.330 0.330 1
Coniferous forest -0.178 -0.123 -0.083 -0.083 -0.147 1
Agricultural land 0.069 -0.160 -0.108 -0.108 -0.190 0.946** 1
Peat bogs 0.011 -0.196 -0.133 -0.133 -0.234 0.213 0.276 1

** Highly significant at 0.01 threshold

* Significant at the .05 threshold
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The analysis now turns to the scientific consutadi and the resulting data and management
connotations. As previously mentioned a group afine scientists were also presented with
the same scale risk return tables as the locagktdéter group. These individuals were based
at a university operated shell and fin fish resedatoratory (aquaculture) in the study area.
As such they also had an in-depth knowledge ofmthene and coastal biomes in the area
through their research work. Table 4.4(a) and 4.4{low the values attributed to biome
returns during this scientific consultation. Foregyv biome the overall value given to total
return exceeded that of the stakeholder analysis. greatest difference was in the coastal
lagoon biome, receiving a value of 18 from sciéntiéonsultations and 4 through the
stakeholder analysis The least differently valued biomes were sandhes (22:16), coastal

waters (20:17and peat bogs (19:12).

1 while this paper examines differences in the assest of ecosystem services and values acrossatiffe
stakeholder groups it has previously been demadsstiia the literature that cultural differencestbaiithin and
between different societies can have a signifiéafitence in terms of attitudes and willingnessptay for
environmental goods and services (Hynes et al, 2008
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Table 4.4a: Estimated ecosystem service values abimes based on scientific consultation

Service Biome Type

Coastal Coastal Water Sand  Coastal  Coniferous

Waters lagoons bodies Beaches Islands forest Agricultural land Peat bogs
Agriculture 0 0 3 0 3 3 3 2
Fishing 3 2 3 0 3 0 0 0
Aquaculture 3 0 3 1 3 1 0 0
Intertidal Gathering 1 1 0 3 3 0 0 0
Sand/gravel/rock/peat extraction 3 1 0 3 1 0 3 3
Conservation interest 3 3 3 3 3 1 2 3
Recreation and tourism 2 2 2 3 3 3 1 1
Cultural/educational 3 2 3 2 3 2 2 2
Flood protection /coastal defence 1 3 3 3 2 1 2 3
Nutrient/waste absorption 3 1 2 1 1 2 2 2
Re. Energy generation 2 0 2 0 2 1 2 0
Landtake (carparks/range/causeways) 0 3 0 3 1 1 3 3
Total Service 24 18 24 22 28 15 20 19
Area of each biome (ha) 10490 31 1306 37 2044 1171 3293 13380

Table 4.4b: Product of biome spatial areas and estiated ecosystem service values based on scientifomsultation

Service Biomes
Norm. Value
Coastal Coastal Water Sand Coastal  Coniferous Peat Total value for for each
Waters lagoons bodies  Beaches Islands forest Agricultural land bogs each service service
Agriculture 0 0 3918 0 6132 3513 9879 26760 50202 7%
Fishing 31470 62 3918 0 6132 0 0 0 41582 6%
Aquaculture 31470 0 3918 37 6132 1171 0 0 42728 6%
Intertidal Gathering 10490 31 0 111 6132 0 0 0 16764 2%
Sand/gravel/rock/peat extraction 31470 31 0 111 2044 0 9879 40140 83675 12%
Conservation interest 31470 93 3918 111 6132 1171 6586 40140 89621 13%
Recreation and tourism 20980 62 2612 111 6132 3513 3293 13380 50083 7%
Cultural/educational 31470 62 3918 74 6132 2342 6586 26760 77344 11%
Flood protection /coastal defence 10490 93 3918 111 4088 1171 6586 40140 66597 10%
Nutrient/waste absorption 31470 31 2612 37 2044 2342 6586 26760 71882 11%
Re. Energy generation 20980 0 2612 0 4088 1171 6586 0 35437 5%
Landtake (carparks/range/causeways) 0 93 0 111 2044 1171 9879 40140 53438 8%
Total Service Value S for each biome 251760 558 31344 814 57232 17565 65860 254220 688486 100%
Normalised value for each biome (% scale) 37% 0% 5% 0% 8% 3% 10% 37% 100%
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The reasoning behind similar valuations of thesamieis is not as close to consensus as it
appears however. Scientists and local stakehotdaysbe relating the value of returns from
these biomes to different ecosystem services. dhstal water biome has a significant status
in larras Aithneach; it has provided substantiadneenic opportunity in the area through
fisheries, aquaculture, intertidal gathering angrisi and as a result of these naturally has a
strong cultural and historical significance to tmenmunity. However, it received zero return
values for services like nutrient/waste absorptiand renewable energy generation.
Contrastingly, these services received positiveieslduring the scientific consultations and
services like “conservation interest” received maxmn return value (3). This situation is true
also for the peat bog biome. While the biome scdrigtily in the stakeholder analysis for
services such as peat extraction, conservationvezt@ low scale value (1). Contrastingly,
conservation was given a value of 3 during therdgifie consultations. The picture of

similarly rated biome returns can therefore be eaiging”.

> This is a positive feature of the BPA framework.AB&lows not only for a valuation of the biome netsi,
but even in cases where values seem to converghouts the analyst to observe where attitudesdiébout
wherethat return is coming from. This example showsithportance of properly reflecting on the results in
order to avoid misinterpretation.
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Table 4.5a: Estimated risk value to ecosystem bioradased on scientific consultation

Risk/Threat Biome Type
Sea and Coastal Water Sand  Coastal  Coniferous

ocean lagoons bodies Beaches Islands forest Agricultural land Peat bogs
Climate Change 3 2 3 3 3 2 3 3
Erosion 1 3 3 3 3 3 3 3
Flooding (inc. Sea level rise) 3 3 3 3 3 1 3 2
Saline intrusion 0 1 1 0 2 2 3 3
Tourism and recreation impact 2 2 3 3 3 2 2 2
New causeways and other infrastructure 1 3 1 2 2 2 3 3
Agricultural change 3 3 3 2 3 2 3 3
Pollution inc. oil spills 3 3 3 3 3 3 3 3
Invasive species 1 3 3 2 2 0 0 0
Marine and terrestrial litter/dumping 2 3 2 3 2 1 1 2
Overgathering of shellfish/overfishing 3 2 3 3 3 0 0 0
Other 1 (Over-regulation) 1 1 1 1 1 0 1 1
Other 2 (Salt damage) 2 2 1 1 1 0 2 2
Total Risk 25 31 30 29 31 18 27 27
Area of each biome (ha) 10490 31 1306 37 2044 1171 3293 13380

Table 4.5b: Product of biome spatial area and estiated risk value to each biome based on scientifiogsultation

Risk/Threat

Sea

and Coastal Water Sand Coastal  Coniferous Peat  Total value for Norm. Value

ocean lagoons bodies  Beaches Islands forest Agricultural land bogs each risk for each risk

Climate Change 31470 62 3918 111 6132 2342 9879 40140 94054 11%
Erosion 10490 93 3918 111 6132 3513 9879 40140 74276 9%
Flooding (inc. Sea level rise) 31470 93 3918 111 6132 1171 9879 26760 79534 9%
Saline intrusion 0 31 1306 0 4088 2342 9879 40140 57786 7%
Tourism and recreation impact 20980 62 3918 111 6132 2342 6586 26760 66891 8%
New causeways and other infrastructure 10490 93 1306 74 4088 2342 9879 40140 68412 8%
Agricultural change 31470 93 3918 74 6132 2342 9879 40140 94048 11%
Pollution inc. oil spills 31470 93 3918 111 6132 3513 9879 40140 95256 11%
Invasive species 10490 93 3918 74 4088 0 0 0 18663 2%
Marine and terrestrial litter/dumping 20980 93 2612 111 4088 1171 3293 26760 59108 7%
Overgathering of shellfish/overfishing 31470 62 3918 111 6132 0 0 0 41693 5%
Other 1 (Over-regulation) 10490 31 1306 37 2044 0 3293 13380 30581 4%
Other 2 (Salt damage) 20980 62 1306 37 2044 0 6586 26760 57775 7%
Total Threat Value R for each biome 262250 961 39180 1073 63364 21078 88911 361260 974833 100%
Normalised risk for each biome (% scale) 31% 0% 5% 0% 8% 3% 11% 43% 100%
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Table 4.5(a) and 4.5(b) show the values attributecbiome risks during the scientific
consultations. In almost all cases the values ardijher than in the stakeholder analysis.
Fig. 4.4 depicts the risk return relationship facle biome in larras Aithneach based on the
scientific consultations and also those from tlagedtolder analysis to allow for comparison.
The difference between the strategic and localesuresults appears less pronounced when
spatial area is included in the depiction of tls& neturn profile of the biomes. The contrast is

starker when comparing total values alone, befpatia area is included in the calculations.

Figure 4.4: Normalised and risk-return profiles ofall portfolio biomes for both local
stakeholder analysis and scientific consultationd{ome service and risk values * biome
area)
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Figure 4.5: Normalised risk-return profiles of all portfolio biomes for both local
stakeholder analysis and scientific consultationspatial area of biome not included in
calculation)
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Because the true contrast in values given from bi@vpoints is concealed when spatial area
plays such a large role in risk-return calculatio® contrast in risk return profildsefore
spatial area is examined in Fig. 4.5. This is a monore realistic depiction of the biomes
which local stakeholders valued highly for bottksigind returns. Biome portfolio return in a
local stakeholder context is largely made up otumet from peat bog, coastal water,
agricultural land and coastal islands. In contrése, biome portfolio under the scientific

context exhibits more evenly proportioned sourddsiame risk and returfi.

'® This is because the scientific consultations leagbperand therefore similavaluations of each biome’s services, despite
the fact that the scientific valuations were higtem local valuations in every case. This seemst¥fied since a scientific
understanding precedes a greater awareness of fumcténs and ecosystem services, and correspgiydiigher values.

For further comparison of the risk-return resuftthe survey, see Fig. 4.5.
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Table 4.6: Pairwise correlation (Pearson’s r) of tk threat factors for each of the biomes based onientific consultation data

Water
bodies
(inc. fresh
Coastal Coastal lochs and Sand Coastal  Coniferous  Agricultural Peat
Water lagoons rivers) Beaches Islands  forest land bogs
Coastal Water 1.000
Coastal lagoons 0.354 1.000
Water bodies (inc. fresh lochs and rivers) 0.619* 0.511* 1.000
Sand Beaches 0.653* 0.626* 0.788** 1.000
Coastal Islands 0.563 0.435 0.855** 0.733**  1.000
Coniferous forest 0.028 0.298 0.272 0.282 0.588*  1.000
Agricultural land 0.072**  0.148 -0.023 -0.016 0.330 0.789** 1.000
Peat bogs 0.006 0.157 -0.103 -0.017 0.254 0.841** 0.939** 1.000

** Highly significant at 0.01 threshold

* Significant at the .05 threshold
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Table 4.6 shows the pairwise correlations betwademdés when using the values attained
from the scientific consultation. There are a tasfl7 biomes which have a statistically
significant positive pairwise correlation at thd hreshold level of statistical significance.
At the .05 threshold level of statistical signifnc®, there is a total of 11. Clearly, the
scientific consultations result in a far higher P¥8lue for the biome portfolio. The
implication of this from a coastal management pectipe, is that a management decision
affecting one biome, which may appear to pose neathto other biomes in the area (based
on the values attained through the stakeholderysisyl could affect the return from other

biomes according to more scientifically informednts of view and analyses.

4.6. Discussion and Conclusion

One of the major weaknesses of the European IC4fidtine described by McKenna et al.
(2008) was that the strategic principles, whichurezymanagement to take a wide view of
spatial and temporal factors, are incompatible wibal principles which focus on the
“specific needs of specific people in specific ggt This incoherency, arising out of two
conflicting objectives, will affect any coastal naement initiative so long as the issue is not
resolved at the policy level. Indeed, BPA generai®guires that a panel of various
stakeholders and scientific experts, representingrse interest groups, reach consensus
about the value of each ecosystem service in adyi@a® well as the scale of any threats to
that biome’s function. Yet Billé (2008) suggestattthe idea that all conflicts can be resolved
with a consensus agreement is a simplistic behef that “such misconceptions are partly
responsible for the inability of numerous parti¢ga processes to adequately take charge of

the environmental problems that justified theirgpton”.
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This raises a question: If Billé is right, is BPAtrthen redundant? From this analysis, it
appears not. While the Hills et al. (2009) visadrBPA was that of a tool which could arrive

at consensus values across a diverse groups,ndiigses supports a variation of their theme.
Rather than grouping scientists with local stakéérd and struggling to attain some form of
consensus, the methodology could be used to eealihat perspectives of both groups
separately, after which, the data can be used dw dlistinctions and understand where
attitude gaps and similarities lie. This would agpé& be a far more arming process for
coastal managers, for as the literature clearlycatds, the real challenge for the future of
European coastal management will be balancing énews objectives of multiple interests.

To do this, coastal managers need to understantthbse interest groups are and how their

attitudes toward biome use and management compare.

Despite the proposition that defining an “attitugkgp” is a more useful function for BPA,
there is still scope for it to assist in decidirgjMeeen alternative management decisions on a
gualitative basis when sufficient quantitative d&tado so does not exist. This scope is
limited however by the incoherent nature of the NC@rinciples at present and until such
incoherency is resolved, any management formatdbaseparticipation and consensus is
undermined. This weakness is a feature of ICZM qgyolas opposed to management
frameworks like BPA, which are framed by the polantext they are applied to. A further
point is worth noting; the entire process of categjog a management area by biome types,
risks and returns plays the role of informing pglicmakers about the diversity of
environmentally important spaces an area possdasewell as the derivative ecosystem

services and environmental and man-made riskogethervices).

Similar biome valuations from both the scientifraddocal survey participants acquired value
from contradicting services, for example, conseovaaind peat extraction. This meant that at

times, contradicting views on the value of somentas, and in turn how they should be
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managed, showed up as convergence between tregsgtrahd local consultation groups. It is
recommended that BPA always be carried out by oheficategorical groups such as local,
strategic, stakeholder, relevant interest groupseidhat the risk-return values of each group
for each biome can be compared and assessed, ansbtinces of biome value can be

identified.

A further caveat of the BPA methodology is the rolghe size of a biome in determining its
contribution to the biome portfolio. This is accape in the case of an ecosystem service
which can only be provided in the context of a éargpatial area, such as carbon
sequestration, but less suitable when considerogystem services that are threatened by
habitat damage such as biodiversity and existealteevFurther reduction in the size of such
biomes indicates that they contribute less to $pcht of course, this is precisely when the
value of biodiversity within such a biome must lo&reowledged as increasing in value, since
the service in question is how more scarce. Futag@ovements to the BPA methodology

should attempt to account for this fact.

Finally, the PIS of the biome portfolio was higlidgpendent on which study group the data
was based upon; the scientific group providing datéch led to a far higher PIS value.
While BPA can only highlight where the two domadtiffer, the incoherence in local and
strategic objectives in EU policy is a problem thaastal managers face. Because there has
been no prioritisation of either set of principléisere is no guidance or legislation off of

which coastal managers can base their decisions.

During the stakeholder analysis the negative afitaf stakeholders towards the perceived
risk of over-regulation became evident. It is like¢hat this attitude contributed to the low
values assigned by the stakeholder analysis gaahts for risks across all biomes. In recent

decades, regulation, especially with respect tstabdivelihoods like fishing, aquaculture,
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and shellfish harvesting have reduced the capatitycal stakeholders to harvest, profit or
gain employment from such local economic activAjthough it can be also said that this
impact of legislation is the result of a lack ofuéation historically, the perception among
stakeholders is that it is restrictive. Recerphphibitive regulation on peat extraction in peat
bogs has also been brought into legislation. Oggtiation is a very real concern for local
inhabitants of coastal areas of environmental ingmme and tackling the development of
such negative perceptions is an important part of irdegrated approach to coastal
management. A vital part of tackling such negapieeceptions must be the identification of
areas where the negative impact of regulation gonal economic development can be

mitigated and sustainable enterprise and developim@nomoted at the policy level.

It is clear that the nature of the irreconcilabiéediences in EU ICZM objectives will require
some controversial decisions to be made regardiogtsation of principles. With respect to
BPA, one possibility for consideration is that daasnanager’s would base decisions on data
from local participatory stakeholder groupsd data from scientific consultations. Because
locally based data will be likely to have lowerkrigalues and therefore a lower PIS value,
any management decisions based on achieving I|dgaktoves would first have to be
analysed through the scientific consultation d¥there no predetermined “red lights” with
respect to the scientifically based PIS values wsae off, local development orientated
decisions could be proceeded with. Further casdiestidemonstrating this type of analysis

are needed.

There is a wider debate taking place on this tapicelation to the justification of basing

environmental management decisions on the valuessisgents of consumer preferences
when many individuals do not understand the vari@emvironmental and ecosystem
processes which provide the services society coasurtf non-market values are to be used

within cost-benefit analysis (CBA) to inform publpolicy choice and the management of
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environmental assets, then the main tenet of welé@onomics on which CBA is based —
namely, the primacy of consumer preferences — @septoblems for many when these
preferences are based on very incomplete undemtpod how ecosystems work, of the
importance of ecosystem services to well-being, @rnttie importance of different aspects of
biodiversity. As Atkinson and Mourato (2008) poiatit, ‘to the extent that groups or
individuals are poorly informed about the enviromtp¢here are too many risks to allowing

uninformed views to hold sway over decisions’.

In this study, the “attitude gap” between scientdind local views was pronounced. Of the
various reasons why this may be so, a disparitthenlevel of knowledge of participants
about ecosystem processes, benefits and biodiy@rsiieneral, is likely to account for much
of this. The assessments indicate that BPA may useful format for helping environmental
managers and policy makers understand where logak\stray from scientific views about
ecosystem services and risks and how the coasdlinald be managed. Such a procedure
could be an ideal “first step” in any coastal maragnt initiative. Clearly, there are two
states of thought regarding environmental decisioaking; one favouring consumer
preferences (local), the other preferring reliaoneexpert opinion for strategic development.
Be it for the purposes of attempting to make optitrede-offs between coastal development,
conservation, risk and return, or simply to categothe differences in outlook between local
and strategic views, there is scope for developraedt application of BPA. In situations
where strategic and local objectives are closelgnatl, BPA is especially suitable for
application. There is also scope in future applicest of the BPA framework to apply non-
market values from the literature to biomes as asume of return (instead of using Likert

scale values) in a benefit type transfer type agerc
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5. The impact of quota changes on the discrete fishingjte choice
of vessels in Irish demersal otter trawl fisheries

5.1. Introduction

Today's fishery policy is largely based on convens developed in the field of fisheries
economics from the 1950s onwards (e.g. Gordon, ;1@%drk and Munro, 1975; Munro

1979) and has historically been predominantly corex with attempting to determine the
“optimal” harvest rate of a fishery using a bioesonc modelling approach. This format
implicitly assumes policy makers and fishery mamsgean successfully control fishery
inputs and/or outputs to achieve desired targefseenChowever this is not the case and
repeated failures to constrain fishery inputs antputs have led to major fisheries crises

internationally (Bockstael and Opulach, 1983).

Recently however, more spatially and behaviourediycerned fisheries economic research
has emerged, specifically, the use of discreteceheconometrics to investigate fishermen’s
choices. In this vein of research, economists iya®e the influence of economically

relevant factors and the impact of policy changedishermen’s choice(s) across a finite
number of discrete options which fishermen havelavia to them. Papers in this area have
analysed the choice of fishery (Bockstael and Qgpml983), the entry-exit decision within a

fishery (Ward and Sutinen, 1994), fishing locatroice (Eales and Wilen, 1986; Dupont,
1993; Larson et al., 1999; Curtis and Hicks, 20@&tiaen and Strand, 2000; Smith, 2005),
repeated participation decisions (Smith and WIiB005; Smith et al., 2008) and choice of
gear (Eggert and Tevertas, 2004). Berman et a@7)1 &mith, (2002) and Smith and Zhang
(2007) focus on multiple discrete decisions, conmgjrishing location choice with either the

participation decision or target species decision.
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The new round of CFP reforms will affect technicaéasures, quotas, available fishing
grounds, fleet capacity and see the advent of nmpasts for small scale fisherféss well

as a host of other changes. All of these changdls have financial and operational
consequences for fishermen, thereby influencindiieng-related decisions that they make
and in turn the ecological ramifications and efiemtess of these new policies. It makes
sense then that research in this area should fatuke potential impacts which changes to
the CFP may have on fishermen’s behaviour. By impgthe understanding of the factors
that determine fishermen’s decisions, we can maweatds a situation where fishery

managers can better predict the actual outcomesnsiervational measures.

In this paper, | seek to understand the potemntigdaict of the CFP reform on the decision
making behaviour of fishermen in Irish waters. Sjpelly, | investigate how the now
imminent changes to EU quota levels could affeetfibhing location choice of Irish vessels

in bottom trawl fisheries based in Irish waters.

This is a potentially useful line of inquiry forrmimber of reasons. Firstly, it is important for
fisheries managers to be able to speculate ondtemisal behavioural responses of fishermen
to policy changes, since these responses can theasseve an ecological impact (Daw et
al. 2012). Beyond fisheries management alone, G#&m and the Commission’s green
paper focus on the importance of spatial managemaedt coherence with the Marine
Strategy Framework Directive, maritime spatial piag, and the Habitats and Birds
Directives. The CFP and the aforementioned spwtialid environmentally orientated
directives prioritise good ecological status inahgd the protection of biodiversity and

ecosystem functioning.

7 Small scale usually refers to vessels less than 12 metres in length not using towed gear. Definitions of what
this support should actually involve are sparse, but the general allusion is toward financial support and more
lenient quota regulation.
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The topic of fishermen’s targeting behaviour igafticular relevance to the problem of by-
catch. In mixed fisheries, where species selegtioit fishing gear is limited, the main
determinant of the species harvest mix will bedheice of fishing location. This means that
policy alterations that have a major impact ongpatial decision making of fishermen, will
automatically have connotations for the speciesdsirmix of the fishery, and therefore the
level of by-catch. The ability to inform fishery megers about the likely direction of
reallocated fishing effort, once displaced, cansasiem in determining where increased by-
catch in certain areas may be a problem, and toipaitte such a negative ecological outcome
using pre-emptive policy instruments. The majoriearto such anticipation however is the
lack of by-catch estimates that exist. For examjple,Marine Work Group Ireland (MWGI)
report for most fisheries around Ireland, a lackmadnitoring and assessment means it is
generally not possible to determine annual cetabgacatch mortality rates. OSPAR (2000)
reports that “improved estimates of population siaead knowledge of stock identity and
migration are required to enable more accuratesassnts of the impact of by-catches on
cetacean populations”. This situation applies ® hmajority of fish stocks in EU waters.
However it is very important to highlight that giveuch estimates of various by-catch rates
for various species across time and space, thallnsest of spatial discrete choice models
would be greatly magnified, especially in mixechéses where selective gear and targeting

of species is limited.

Section 5.2 below provides a discussion of thd loger trawl fleet, fishery and management
policy. Section 5.3 reviews previous literature Igm discrete choice analysis to fisheries
related problems. Section 5.4 discusses the Vasseitoring systems (VMS) data used in
the analysis.. It also discusses how fishing locadlternatives were defined. The theoretical

model is described in section 5.5 and the practiegthod by which it is applied is explained
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in section 5.6. In section 5.7 the results aregrexl as well as an analysis of the findings.

Finally, section 5.8 includes a discussion andctireclusion of the chapter.

5.2. Background

The Irish otter trawl fleet comprises 275 trawldrsth demersal and pelagic, and operates in
a complex multi-species multi-gear fishery overaegé geographic area around the Irish
coast. Various gear types are utilised amongsti¢le¢ to land over 100 species from various
species assemblages which in 2006 amounted to @L0tGnnes live weight, worth
approximately €250 million at first sale. This mage 75% of annual Irish landings in terms
of economic value (Davie and Lordan, 2011). Cledhgn, this is a very economically
significant component of the Irish fishing fleetedause of the multiple species targeted
within this fishery and the heterogeneity acrossseés within the fleet, analysing fleet
dynamics as a single unit can lead to erroneouglesions. Davie and Lordan (2011)
combine factorial analysis with multivariate clustg analysis (see Pelletier & Ferraris,
2000; Holley & Marchal, 2004; Ulrich & AndersenQ@4; Campos et al., 2007) to segment
the entire Irish otter trawl fleet into a homogenesubdivisions or métiers. These metiers
are defined according to species assemblage, velsaedcteristics, fishing gear, mesh size,

vessel length, fishing grounds and fishing season.

The results of Davie and Lordan (2011) indicateat thétiers exploiting demersal species are
characterised by single-vessel bottom otter trausdsially less than 24 metres in length and
with mesh sizes of 70mm or more. Trawling requaeseans of holding the mouth of the net
open while towing, and a system of wires to contleetnet and gear to the vessel (Galbraith

and Strange, 2004). Vessels are fitted with winaresleck to move and store the trawling
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wires or warps and otter boards’ are used to spifeegke connecting wires and hold the net
open, horizontally (see figure 1). Large spherit@ats, built to withstand implosion at

extreme fishing depths are attached to the uppge efithe net mouth (floatline) and these
provide vertical lift to the net while weight isgamled on the edge of the net in contact with the
seabed (footrope). The net itself is usually furstelped with extended sides that form wings
for guiding fish into the net. Bottom trawl netsxsetimes have a top canopy to prevent fish

from escaping over the top of the net.

Figure 5.1: Otter Trawl Rig System

Otter board
(door)
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Demersal otter trawl landings are found to accdainjust 13% of total weight landed by the
fleet, a much larger proportion of otter trawl chugpecies being landed by the pelagic
segment. Nevertheless, demersal otter trawls atdoumhe vast majority of commercially
harvested demersal species which tend to be ofehighlue commercially (Gillespie and
Hynes, 2011). In Davie and Lordan (2011), dememsaétiers tended to exhibit higher
diversity of species in catch compositions, whitfesis to the high level of mixed fishery
interactions that take place in the demersal attawl fisheries. This makes demersal otter
trawls far more susceptible to by-catch and charateh issues and highlights the importance

of choke specié8 in demersal trawl fisheries. In the case of stosthuilding efforts, Cod

18 "choke species" is a term used to describe a low quota species, which, if reached, would lead to vessels having to tie up even if they still had quota for other species
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being the primary example, the impact of both tangeand non-targeting segments of the

fleet are relevant since the species selectivifysbing gear is limited.

As discussed in Chapter 2, Irish fishing watersehagen governed as part of the European
Union’s Common Fisheries Policy (CFP) since 19838e TFP is a collaborative means of
governance across EU member states and tries toreessistainable fishing practice by
setting Total Allowable Catch limits (TAC) limitinghe number of days at sea (fishing
effort), restricting the use of certain fishing gé€aechnical Conservation Measures (TCM))

and reducing overcapacity in the EU fishing flebtqugh fleet decommissioning)

While management of the Irish pelagic fleet entdileerse management measures, such as
determining open and closed seasons and the estaeint of “no-fishing” zones,
management of the Irish demersal fleet is almostuswely quota based (OECD, 2013).
With conservation and management of Irish demédisheries largely taking the form of
annual quotas imposed on all principal commercisdlygeted species, the objective of
fisheries management is to regulate and maximisec#tiching, sale and processing of fish
within set limits. In addition to these objectivespnservation is a key concern of the
reformed CFP. To determine the status of variousngercially targeted fish stocks in EU
waters, the European Commission consults with tbien8fic, Technical and Economic
Committee for Fisheries (STECF) and the Internaicddouncil for Exploration of the Sea
(ICES) (EC, 2014). In the case of Irish demersdidries, which are largely regulated using
annual species TACs and vessel specific quotagntdtt advice informs prospective
changes to quota allocations for species which e Haaen identified as overfished. The
proposals of various scientific institutes inforhretEU Council of Ministers, made up of
national ministers from member states, which hawe final authority to negotiate and

formulate fishery regulations and species TACs.
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Given the annually allocated national quotas, thehldepartment of Communications,
Marine and Natural Resources consults with industigkeholders to determine catch
limitations per vessel within a given fishery faach month. In particular key white fish
species in Ireland are controlled by means of sgpavlinisterial Orders which restrict the
fisheries as necessary, by setting catch limitdpeat, according to the size of the vessel and
based on recommendations of the committee. The hiyogtiota allocations also take into
account the uptake of the available quota througlioe year to maintain access on an
equitable basis amongst the fleet. Key stocks foickvmonthly catch limits per boat are set
include Cod, Haddock, Whiting, Hake, Monkfish, MiegrNephrops, Sole and Plaice as well
as other deep sea spetie¥essel adherence to the monthly quota allocafimesforced by

Sea Fisheries Protection Authorities officers ardland the Naval Service at sea.

5.3.Literature Review

Smith (2010) asserts, “a purely empirical appro@chistorical patterns of fishing behaviour
over time and space will mislead analysts about lighing fleets will react to policy

changes... a fisheries analyst must therefore emglimctural models in order to predict
outcomes”. Yet historically, fisheries economicsse&ch has primarily focused on
bioeconomic modelling approaches where determiaimgoptimal” fishery harvest level is

the priority and long term investment decisions thee focus. Eales and Wilen (1986) posit
this to be understandable since “earliest workihénfield were aimed at demonstrating how
open access attracts less capital. Subsequent igbirled the comparison of open-access

equilibria with optimal equilibria”.

¥ Black scabbardfish, greater silver smelt, tusk, roundnose grenadier, orange roughy, ling species and red
seabream
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Bockstael and Opaluch (1983) took the view that levHdioeconomic literature was
particularly useful in characterising the natureoptimal solutions, a lack of control over
fishing effort (to ensure harvest rates are atlfedeemed optimal by bioeconomic models)
prevented it from being presently operational fmhéries management. Bockstael and
Opaluch (1983) and Eales and Wilen (1986) were gstotine first to use discrete choice
micro econometric techniques to analyse the quiaktadecisions of fishermen and used
fairly straightforwvard multinomial methods to constt their analyses. Specifically,
Bockstael and Opaluch (1983) investigated fishetsnéshery choices given a total of 13
discrete fishery options in New England waterspfrd975 to 1976. Particular attention was
paid to what the authors described as the “econamicnoneconomic inertia” that prevented
instantaneous movement between fisheries on this lb&shighest available profits. The
influence of uncertainty on the fishery decisiorsveansidered by incorporating expectations
about means and variances of returns into the sisallfinally, fishermen’s decisions were
partially determined by their initial wealth, whickias categorised as the value of their
fishing vessel. The logit model produced a matrixvbat the authors termed “predicted
transition probabilities” which indicated the pralldy of a vessel moving from the initially
chosen fishery, into each alternative subsequestiefy. The results of the analysis
corresponded with economic theory; fishermen redpdrpositively to increased returns and
negatively to increased variability of returns, lexhibited a bias toward remaining in the

same fishery over time, thus behavioural respowses slow.

Eales and Wilen (1986) incorporated a “nested” frmto their multinomial logit model to
assess the fishing location choices of 17 vesselaa pink shrimp fishery off the northern
California coast. Eight discrete fishing locatiaiat fishermen could choose to fish were

defined and logbooks were used to relate eachdkée net” to the quantity of shrimp
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caught. The determinants of fishermen’s locationia decisions, that is, the regressands on
site-choice that were used in the multinomial eiguat were expected catch and distance
from home port. Nesting the 8 distinct fishing Ibeas into three larger subgroups led to a
marginal improvement in the accuracy of the modedsults, as compared to a standard
multinomial logit where the 8 discrete location eattatives were decided between

simultaneously.

Following the work of Bockstael and Opaluch (1983ypont (1993) uses a random ultility
model (RUM) to assess the impact of profit uncetiaon the location choices of fishermen
in the British Columbia salmon fishery. Fishernvegre assumed to form expectations about
future prices though an ARIMA type proc&ssThese price forecasts were then used as
instrumental variables in the estimation of seabpnvariable expected profit functions for
each fishing site. Two RUMs were run; in the firefhly expected values of profit and
variance are permitted to influence/predict fishema fishing site choice. In the second,
expected wealth and its variability, inclusive ofuture expected profitability,
influence/determine site choice. Dupont finds #vgtected wealth, profits and the variability
of each contribute to the fishing location decisidard and Sutinen (1994) use cross-
sectional data from 1965 to 1975 and a multinortaglt model to analyse the entry-exit
decision of fishermen in the Gulf of Mexico shrimfishery. The potential
determinants/influents of the decision includedhi@ analysis include price and abundance of
shrimp in the fishery, changes to fleet size argbgkspecific characteristics such as size and
mobility. The analysis identified a strongly posgirelationship between fleet size and the

decision to exit the fishery, but despite an iasieg number of vessels in the fishery over

%% |n statistics and econometrics, and in particular in time series analysis, an autoregressive integrated moving
average (ARIMA) model is a generalization of an autoregressive moving average (ARMA) model. These models
are fitted to time series data either to better understand the data or to predict future points in the series
(forecasting). They are applied in some cases where data show evidence of non-stationarity, where an initial
differencing step (corresponding to the "integrated" part of the model) can be applied to remove the non-
stationarity.
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the sample period, the impact of the “crowding mdéty” was reduced due to an
improvement in shrimp landings. The results alsppsuted the “resistance to change”

findings of Bockstael and Opaluch (1983).

Larson, Sutton and Terry (1999) model the weeldiadry choice in the trawl fishery of the
Bering Sea/Aleutian Islands using a sample of wedkta from 1991. They use a RUM to
measure the impact of risk and individual vesselgpmance on the selection of fishing site
across 12 discrete alternatives. The analysis edimates the impact of the distribution of
vessels within fisheries on weekly fishery choiced aseasonal affects. All of the
aforementioned variables prove to have qualitatyalications for vessels’ weekly choice of
fishery. Holland and Sutinen (2000) use a nestettimomial logit where fishermen are
modelled as first deciding upon fishery and zoneiah and then upon an area within this
larger zone. The analysis was conducted using flata 484 large trawlers in the New
England area from 1990 to 1993 and many of indepandariables used in the model were
lagged values. The results provided strong evidesfcéhabit” in fishermen’s location
decisions, that is, historical fishing patternsypld a strong role in determining future ones
despite revenue incentives in other regions whigghimincentivise fishers to deviate more
readily from historical choices. Once informatiohoat successful catches and revenue
generation in alternate locations is disseminamaever, Holland and Sutinen (2000) find

that vessels will respond by more readily chandisigng location.

Mistiaen and Strand (2000) propose a flexible tyt#ipecification that allows for the testing

of risk preferences and heterogeneity in fishermensk preferences, specifically, the
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random-parameters logit RPL What this means is that the initial 1A assump$iof the
conditional logit model used by previous studies longer apply, since the model is
generalised so that variable coefficients vary oanmlg across individuals. Employing the
RPL and data from the North Atlantic high migratispecies (HMS) fishery in 1996,
Mistiaen and Strand (2000) assume fishermen sé#dthg location on the basis of utility
expectations associated with each site and fouadribk preferences in their sample were

highly heterogeneous.

Curtis and Hicks (2000) evaluate the impact of &teaures designed to protect sea turtles in
the Hawaiian Pelagic longliner fishery. Employinhet RUM they estimated the
compensation needed for different types of fishermeen the financial impact of various
area closure systems. Under full seasonal closwesmmended by the National Marine
Fisheries Service (NMFS), tuna fishermen would neeloe compensated $8,735 per trip but
only $4,066 if the fishery was exempt from a seabarosure. In the longline fishery,
compensation would need to run at $20,000 regardkésarea closure system used. The

estimated cost of reducing longline interactionghwsia turtles was $41,262 per turtle.

Smith (2002) models the spatial distribution ohfigy trips in the California red sea urchin
fishery. The choice of whether to participate ie fishery and which location to fish at are
modelled simultaneously. Two approaches are emgldye the author. The first is an
econometric model where a count data regressioneinestimates trips per month as a
function of open days per month, weather conditiaevenue, variance and economic
opportunities outside the fishery. The second UM (nested logit specification) in which
the decision to participate (or not) in differeqasal locations is a function of weather,
revenues, variance and travel cost. Smith (2002)ddhat both in sample and out, the count

data model is more accurate than the RUM in predjcparticipation. Smith and Wilen

*! Also known as mixed logit, random-coefficients logit and error components logit.
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(2003) predict the economic and biological impaaftsa marine reserve in the sea urchin
fishery of Northern California by constructing aasplly orientated repeated nested logit
(RNL) using logbook/landings data and then integgatthis model with a bioeconomic
model of the sea urchin fishery. Results of the R&he economically consistent with
previous studies in that divers responded to retaecross the discrete locations positively,
and negatively to weather risk and travel distafdee results of the bioeconomic model,
which is able to treat fishing opportunities asdidcrete location choices (via the RNL),
indicate that the biological impact of marine ressrare often over-estimated by ignoring the

displaced fishing effort that is directed to neighbng locations.

Eggert and Tvertas (2004) model fishermen’s geaicehin the Swedish trawler fishery
using a 2 stage econometric analysis. Firstly, trstymate stochastic revenue functions with
fixed effects for each gear type and use theseficiegits to create predictions of revenue
(and standard deviation) for all gear, for each tf each vessel. In the second stage, the
revenues and standard deviations estimated in teeiops step along with actual gear
choices are used in a RPL model that accountsdtmréigeneous attitudes towards risk. The
results are consistent with earlier studies in figtermen respond positively to profit and

negatively to increased standard deviation. A gfiiaertia effect was also observed.

Smith and Wilen (2005) analyse fishermen’s respaosenultiple risks in unison in the
California sea urchin dive fishery. They use diserehoice models of daily participation
given a number of risk trade-offs to analyse fisham's attitudes to risk. Risks considered
include physical risks like shark attacks and fatatidents and financial risks like price and
resource variability. A pooled model assuming egl@mce in attitudes to risk is estimated, as

well as a model allowing for heterogeneity in fishen’s risk aversion. The results indicate
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risk aversion in both physical and financial rigsswell as significant heterogeneity across
individuals. Bootstrapping is used to detect catieh in risk aversion to different factors,
physical and financial. While correlation is fouridis not significant and is only significant

at the 10% level once seasonal affects are comsider

Smith and Zhang (2007) analyse the impact of maméserves in the Gulf of Mexico reef
fishery by modelling fishing location choice andowde of target species jointly in a RUM.
The data set used includes daily federal logbodk da the Gulf of Mexico reef fishery,
federal commercial fishing permit data, speciegllg@rice data from Florida landing tickets
and a social survey of reef fish. They draw upoe thdustrial and public economics
literature by using product differentiation and tsa sorting techniques to estimate
individual-specific structural coefficients based @bservable individual characteristics and
choice-specific constants using contraction mapp#ggin, the results are consistent with
previous studies; higher species prices increaspepsity to select a species as a target

species and a higher CPUE increases the probatiilitghing in a specific location.

Valcic (2008) investigates the motivations behirghérmen’s fishing location choices and
the displacement of fishing effort that comes aldolibwing site closure as a management
option. The study focuses on the Oregon bottomltgaaundfish fishery and the formation

of a rockfish conservation area. Valcic points thait fishing locations in the fishery do not
form geographically distinct clusters and that ¢éheexists large numbers of distinct
alternatives in fishermen’s location choice setisThegated the use of a nested logit,
multinomial probit or mixed logit approach. Instedalcic employs a heteroskedastic

extreme value (HEV) model of fishing location cheigvhich is used to estimate the impacts
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of a spatial closure, in terms of changes in tltebabilities of fishing site choices that arise.
Predictive variables used in the model includedeetgd revenue (logarithmic form),
distance, individual previous experience frequeaogl the logarithmic form of revenue
variance. Apart from revenue variance, all variabhere statistically significantly different
from zero and the 95% confidence interval and vem@nomically consistent. Valcic (2008)
then simulates an areaclosure in the fishery. Timellation suggests significant changes to
fishing effort in certain locations, as much as 1@%ome, and provides useful information

for policy design.

5.4.Data

5.4.1. Vessel monitoring system and logbook data

The analysis of the fishing location decision dtighly detailed spatial level carried out in
this chapter, is made possible via the advent ofdemo Vessel monitoring system
transponders (VMS), which since 2005, all Europ&aion (EU) fishing vesselz15m in
overall length must be fitted with (EC, 2003; Gesen et al. 2012). These transponders
transmit a fishing vessel's position every two lowhilst at sea. By using the distance
between a vessel's sequential location points limutze travel speeds, analysts can calculate
which elements of a vessels time at sea are dedidat travelling to and from fishing

locations and which elements are actually spehirfgsGerritsen and Lordan (2011).

All vessels within the El310m are also required to record their retainedheston a daily
basis in standard logbooks (EEC, 1983). EU logboates completed by the masters of

fishing vessels upon landing all catch. Once logeshare filled out they are submitted to the
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local Port Office. The data is then entered int® litegrated Fisheries Information System
(IFIS) database by SFPA staff which is then proditdg the Irish Department of Agriculture,

Fisheries and Food (Gillespie and Hynes, 2011)addition, sales notes data is available
which is electronically submitted to the IIFS datab by the buyer at the first sale of the fish.

The sales notes provide data on the price perdejwed for landings by a vessel.

By combining positional data of vessels’ VMS recwith electronic logbook data for each
vessel, analysts can create an unprecedentedlyledeteepresentation of the spatial
distribution of historical species catches as aslthe corresponding fishing location choices
made by fishermen. The result is information whpdrmits the analyst to consider the
impact of economically-relevant, decision-influemgifactors, such as distance to landing
port and expected catch values of different speoieshe fishing location decision, and also
the impact of variation in these factors, such asagement initiatives like area closures and

guota changes or environmental factors like chamgstck biomass.

5.4.2. Defining distinct fishing location alternatives

Naturally, to analyse ‘discrete’ fishing locationaices, such alternatives need to be defined,
and furthermore, the defined alternatives mustetjoseflect the actual distinctions which
fishermen make between fishing locations. Using Vsl logbook data for Irish demersal
otter trawl vessels, Gerritsen et al. (2012) usednchical cluster analysis to define 8 clusters
within the fishery that exhibit similar species quusitions. These clusters were then used to
define 34 distinct spatial regions in Irish wate@ven the fine spatial scale at which it is
possible to observe fishing activity and historicatch rates using VMS data and frequently

collated logbook data, the defined fishing locat@lternatives closely reflect the actual
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discrete alternatives which fishermen in the ldgmersal otter trawl fishery weigh up when
making their fishing location choice decision. Fguw.1l shows the resulting 34 discrete
location alternatives that emerged from the hidmaed cluster analysis. The process used by
Gerritsen et al. (2012) to define these 34 fisHowation alternatives is discussed in greater

detail in section 6.2.

Figure 5.2: Discretely defined demersal otter trawlfishing sites surrounding the Irish
coast
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5.5. Methodol ogy

5.5.1. Discrete choice models
Discrete choice models provide a useful analytoagacity in situations where individuals
choose between a set of mutually exclusive, exhauanhd finite alternatives (Golder, 2014).
They are usually developed in a random utility mg&uJM) framework in which utility,
though unobservable, is assumed to be maximise¢bdebghoices that individuals make, each
potential alternative having a positive, negativegero implication for an individual’s utility.

For individualn, faced with a set gfalternatives, the analyst can specify,
jeUp; €Uj=1,..,].

wherej is a specific alternativé],; is the utility derived from tha®" individuals choicg,

and U is the utility derived from the universal set dfeenatives. As there are aspects of
individual n’s utility which is unobservable, the utility of dividual n from choosing

alternativej € U,; is defined,
Unjt = ant + Enjt

whereV,,;; is the observable part @f,;; at timet and¢,;, represents the unobservable
component oft, ., i.e., these terms represent the systematic authastic components of
Un;j: respectively. The analyst then assumes any ingiidhooses the alternative with the

highest connoted utility, that is, individuaichooses alternativiee U,,; if and only if,
Unit > Unje VJj #1

The joint density of the random vectgy = {¢,1, ... ./} is writtenf (¢,,). This description of

the stochastic component of utility allows one taken probability statements about an
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individual's prospective choices. Thus the prolgbthat individualn chooses alternativie

at timet can be written,
Ppit = Prob(Unie > UpjeVj # 1)
= Prob(Vnit + €nit > Vnje + €njtVj # 1)
= Prob(&njt + €nit < Vanie + Vit Vj # 10).

As the probability that each random teeny, — &, is below the observed quanti¥y; —
Vnje, the distribution can be described as cumulatvel given the densitf(s,), it can be

written as:

Pni = PrOb(gnjt — Enit < Vi — ant)

= J- I(gnjt — &t < Vnit - ant)f(gnt)dgnt
£

wherel(.) is the indicator function equal to 1 when the esgion in parenthesis is true, and
0 otherwise. This representation of the cumulatigeobability distribution is a
multidimensional integral over the density of theohserved portion of utilityf (g,;). The
specification of the probability distribution cae lltered by making different assumptions
about the distribution of the unobservable comporanutility, which in turn leads to
different types of discrete choice models. The ggation and underlying assumptions about
the distribution are of critical importance, beaaukey influence the means by which the
probability that individuah will choose alternativg is calculated, and therefore the accuracy

of the analyst’s predictions.

Discrete choice models that arise from differensuagptions about the probability

distribution include for example the logit, multmal logit, nested logit, mixed logit, and
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probit. All of these models are suited to differesdil world applications. With respect to the
standard logit, there is a closed form solutiore thuthe fact that one of the core assumptions
of the model is that the unobserved portion ofitytils independently and identically
distributed (iid). This contrasts starkly with tpeobit for example, wherg¢(.), is assumed
multivariate normal, or the mixed logit, where assumes the unobserved portion of utility
comprises a part that follows any distribution this# analyst wishes and a part that is iid
extreme value. This means that for both of theseipations, the integral has no closed
form solution and is evaluated numerically througimulation. The best choice of
assumptions about the probability distribution, itee best discrete choice model to be used
in a particular case, depends upon the physicalimistances of the system being analysed.
This is explained in more detail in the next sectlyy taking an in-depth look at some

different discrete choice models and the assumptonwhich they are based.

5.5.2. Discrete choice model alternatives

Two commonly used discrete choice models whicloWlthe form of the standard logit are
the conditional and multinomial logit (MNL). Accardy to Princeton (2014), like the
standard logit, these are derived using a closed fwlution, i.e. the unobserved portion of
utility ,;, is assumed to be independently and identicafifriduted (iid). This assumption
makes the model more convenient to solve and thieyehore popular in the literature. For
the assumption to be true/satisfied however, merge@l assumptions we make about the

real world scenario under analysis must hold. iti@aar, it requires that:

1. any unobserved factors contributing to utility arecorrelated over alternatives and

have uniform variance across alternatives;

137



2. any unobserved factors contributing to utility arecorrelated across time and have
uniform variance across individuals;
3. there are no underlying/unobserved characteristicdecision-makers, that play a

role in the potential to attain utility, that vaagross individuals.

In the case of the Irish bottom trawl fishery, thare instances in which violation of these
assumptions is imaginable. For example assumptjasb known as the independence of
irrelevant alternatives (llA), suggests that thioraf two logit probabilities is independent of
any other alternative. In other words a decisiorkensl perception of the attractiveness of
one alternative over another will not be influendsdthe availability or attractiveness of
other alternatives. The problem with this assunmptay the Irish bottom trawl fishery, where
fishing location choice is likely to be heavily iménced by the travel distance to fishing
grounds, is that the attractiveness of one fisHowation over another will be partially
determined on the basis of the locations’ proxint@yother fishing grounds, where further
fishing may take place. This problem is overcomehim analysis by only considering trips
that resulted in one site visit. It is also notbég an issue when considering the impact of
guota changes only, as opposed to the impact obvienq a site alternative. (i.e. simulating

an area closure as is the case in other studies).

Assumption 2 may be violated if fishing locationespess unobservable heterogeneous
characteristics, for example, if they exhibit diffiaces in the geophysical make-up of the sea-
bed. Likewise, assumption 3 will be violated if sels or skippers themselves possess
unobserved heterogeneous characteristics, suckigses skill, or unique sets/streams of

fishing relevant information.
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Such violation of any or all of the three core asptions of the conditional or multinomial
logit models has the potential to compromise tlieiehcy of the model estimator and create
an upward or downward bias on the probability eates of fishing location choice leading to
erroneous predictions. While models that allowtfar relaxation of the 1A assumptions (so
as to deal with autocorrelation and heteroskedagtiexist, they are not without their
problems. Often these models may not suit the qudati economic situation under analysis,
or if they do, the nature of the collected datal wdt be sufficient to allow the model to
converge and provide model estimates (Valcic, 2008) following section discusses

alternative discrete choice models which allowdaelaxation of the [IA assumptions.

5.5.3. Discrete choice model alternatives with relaxed dgsumptions

When economic and physical circumstances do noscsilde to the assumption that the
unobserved portion of utilitg,;, is independently and identically distributed )iidther

discrete choice models, which relax the 1A assuomptcan be employed.

In the case of the nested logit, the analyst ne¢dleviate from the format of assuming lIA,
however this assumption is limited to particulaoups of alternatives, so that variance is
allowed to differ across nests, but within any oest, the unobserved factors of utility have
the same correlation. However, as outlined by \¢al2D08), the nested logit applies best to
situations where a clear distinction of alternativallows them to be defined as
“geographically distinct clusters”. As in the fisiieanalysed by Valcic (2008), the fishing
location alternatives of the Irish bottom trawlhigsy cannot be easily categorised in such a

way, making it impossible to “define meaningful nesuctures and subsets of alternatives”.
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Two other discrete choice models which allow faekaxing of the IIA assumptions are the
multinomial probit and the mixed logit or randonrgraeters logit (RPL). These allow the
[IA assumptions to be relaxed by allowing correlatin the unobserved factors of utility, or
heteroskedasticity in the variance associated ity particular alternative at any time in a
panel data set, to be factored into the model &nestimates. Of the two models, the RPL is
more suited to a study of location choice in thishlrbottom trawl fishery because the
multinomial probit requires a small number of alegives; Valcic points out the work of
Greene (2002) who claims the model becomes diffitnl estimate once more than 4
alternatives are considered. The study area irptper includes a total of 34 sites and is thus
well outside the bounds of what the multinomialilogan accommodate; Valcic (2008)
alludes to the fact that having 20 alternativea jprobit model is really possible in principle
only. A further reason for using the multinomiagjitorather than a mixed logit was due to a

lack of convergence when the model was run usiadattter approach.

Hensher and Greene (2001) have referred to thedrogit model as “the most promising

state of the art discrete choice model currentligilatsle”. Despite this, many studies using
discrete choice methods to analyse fishing chare®mmercial fisheries have shied away
from the use of these models, employing instead|.MNd the nested logit; (Eales and Wilen
1986; DuPont 1993; Holland and Suttinen 2000; Bnaihd Wilen 2003; Curtis and

McConnell 2004; Hicks et al. 2004; Strand Jr. 2004js seems unusual considering the fact
that the nested logit has a limited capacity td deth heteroskedasticity and autocorrelation
and the MNL does not deal with these issues aHallvever, the prominence of these models
in the literature is largely explained by the fdwdt alternatives like the mixed logit are highly
complex and difficult to estimate. Hensher and Gee€2001) allude to this, saying that

‘although the theory is relatively clear, estimatend data issues are far from clear’.
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The main undertaking of the RPL is to allow for fhessibility that unobserved information
that influences decision-makers’ choices is sudhty rich to induce correlation across
alternatives in each choice situation, and acrosHipte choice occasions. It does this by
partitioning the stochastic component of utilitgaruncorrelated parts. In one part, there is
correlation over alternatives and heteroskedagtieitists, while in the other, the iid

assumption across individuals and alternativesshdltius the utility expression,
Ugj = BaXqj t &qj

becomes,
Uiq = B'xjq + [qu + gjq]

where n;, is a random term with zero mean whose distributomer individuals and
alternatives depends on underlying parameters bséreed data relating to alternatijvand
individual g. The distribution ofn can follow a normal, lognormal, triangular etc.
distribution. ¢;, is a random term with zero mean that is iid ovéraatives and does not
depend on underlying parameters or data. It follawsid extreme value distribution. As the
variance ofg;, cannot be separately identified frgmit is normalised to set the scale of
utility. Hesnsher and Greene (2001) denote theityeoisn by f (n|Q2) whereQ represents the
fixed parameter values of the distribution. Forestain value ofy, the conditional choice

probability that arises is the standard logit, sitbe remaining error term is iid extreme

value:
Ly = exp(8'5 +1,)/ ), exp(8x;+n))
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The choice probability in the mixed logit modelsisnply this logit formula integrated over

all values ofy weighted by the density gf

P = j L) f (1) dn

It is from here that the model gets its name, theedhlogit; the choice probability is made up
of various logits withf as the mixing distribution. The IIA assumption da®t apply to the
probabilities and different substitution patterns abtained by appropriate specificationfof
The random parameter specification of the modekifips eachp,associated with an
attribute of an alternative as having both a mewhastandard deviation. This contrasts with
the standard logit or MNL whereby the standard a@wn of each individuad’s £ is defined

to be zero, such that all behavioural informat®oaptured by the mean.

Because each,in the mixed logit has an associated standard tienjghe model allows for
preference heterogeneity. While the distributionttuiése parameters is unknown, making
selection of the correct distribution difficultishcan be overcome by retrieving the individual
specific preferences by deriving an individual'sndtional distribution on their choices

recorded in the sample data. Bayes rule allowscthmslitional distribution to be defined:

Hq(B16) = Lq(B)g(B16)/Fy(6)

Lq(B) is the likelihood of an individual's choice if théhad this specifigs, g(#]6) is the
distribution in the population @8’s and £, () is the choice probability function defined in

open form as:
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P,(6) = j Lo (B)g(B16) dp

Recall earlier in the discussion on discrete chonoelels, the point that specification of the
probability distribution can be altered by makiriffjesdent assumptions about the distribution
of the unobservable component of utility, whichtumn leads to different types of discrete
choice models. In this case, the model, or proliglaktimate, is arrived at via the open form
solution L,(8)g(B|6) dB. Thus, in order for the integral to be approxindateis evaluated
numerically through simulation. Assuming the vatiig¢he parameters has been estimated, a
value ofn is drawn from its distribution, upon which, thegibformulaL;(n) is calculated.
This process is carried out many times, producimgean value foL;(n), which is used as

the approximate choice probability estimated byrttuglel. This process can be written,
SB=(/R)Y LN
r=1,..,.R

where R is the number of drawsmfyp” is thert" draw andSP; is the simulated probability
that an individual chooses alternatjve

In this analysis, attempts to operate the mixedt loging the available data were made,
however, due the large number of choice occasiens/@ssel being combined with a large
number of alternatives, the procedure proved inmptesse. the model would not converge.
This is because the logit formula must be calcdlatet just once for each decision maker,
but once for each choice occasion for each decisiaker, making the model overly
cumbersome, and very difficult to estimate. Addiatly, the mixed logit or RPL requires
very high frequency of observations in the datapadmsted out by Valcic (2008), the failure

to converge can occur when it is impossible to timel optimum of the maximum likelihood
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function, which can arise as a result of the fuorctheing too flat or otherwise irregular, i.e.,
undermined by data inconsistencies, such as toy maoes for some variables. In the case
of the data used in this study, many species areawght inmostof the sites, and even the
most prominently harvested species are predomindatind in a small number of key
fishing locations. This means that by its natuhe, data exhibits a high level of zeroes for
various species at various locations for each ehaiccasion. | believe this may have
contributed to a flat or irregular maximum likeldw function. In an ideal setting, some
amount of each species would be recorded as hadvasteach of the 34 fishing locations.
Unfortunately, due to the fact that this is not tase, and due to the cumbersome nature of
the model when a large number of alternatives mhioed with repeated calculation of the
logit formula for each choice occasion, the mixeditl is not estimated, despite its obvious
advantages with respect to efficiency in its estoman the face of autocorrelation and

heteroskedasticity over the chosen conditionak logidel.

5.6. Methods

5.6.1. Model Variables

As earlier mentioned in the methodology sectioa,dtscrete choice model finally selected to
analyse fishing location choice in Irish demerstérotrawl fisheries was the conditional
logit. To specify the model, variables had to bestaicted using the collected VMS location,

logbook and sales notes data. These variablesdeéreed as follows:
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i. Choice:

1if for triptthe fishing vessel n chooses to fish in location i

(Vie): Yie = { 0 if the fishing location is not selected

ii. Distance(X1,,;;):

This variable is measured as the km distance filoenport which vesset departs, to the
midpoint of each fishing locatioinfor choice occasion. It is important to note that there is
an observation for the distance to all sites orhedwice occasion and therefore all site
distances are used as explanatory variables, dveotithe selected site. The variable
therefore varies according to the port of departirany vessel. Like Valcic (2008) | expect
the sign on the estimated coefficient of this Malgato be negative since a greater travel
distance will be associated with a higher fueligdale) cost, diminishing expected profits and
a fisherman’s expected utility, therefore the largjeis variable for a particular fishing

location, the lower the probability of a fishermaosing to fish there.

ii.  Total annual kg live-weight of speciebarvested at location (X2;;):

Many studies analysing the fishing location choise expected revenue at locatioon
choice occasiort as predictive variable in the discrete choice rhoNaturally, expected
revenue of any site will act as a central determtiwé fishing location choice since the higher
the expected revenue possible at any particular #ie greater a contribution that site can
make to fishermen’s expected utility and theretbeehigher is the probability that fishermen
will choose it as their selected fishing locati@m &ny trip. Usually studies that include this
variable in a discrete choice model are focusedhenbehavioural impact of an MPA, the

entry exit decision etc. However, this study hagecific focus on the impact of quotas on
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fishing location choice. Fishing vessels in Irisbneersal otter trawl fisheries are heavily
restricted by quotas, and evaluate a fishing gitgential upon this basis. This is partially an
expected revenue based decision since revenuedepknd on the quantity harvested, but
given the strict legislative constraints placed mfishermen in these fisheries, quota is the
deciding factor in how and where to fish, and tf@eefocusing on the expected live-weight
catch of specieg at locationi for the entire fleet is likely to be the closesaywto
approximate a fisherman’s actual objective functibhis seems fair because demersal otter
trawl fishermen are very much price takers, anchewuea landscape of shifting prices, their
targeting behaviour and therefore their decisionvbere to fish will primarily be determined
on the basis of quota permissibility. The spedies\eight variable indicates the most likely
place that fishermen expect to locate the speaesvhich they have available quota. The

targeting choice, and therefore location choicd, @ determined on this basis primarily.

While the expected revenue at each fishing sitedcaccording to vessel characteristics like
vessel length and engine power could be used asdicpve variable, it would be highly
likely that the model would suffer mutlicollinearitsince expected revenue is calculated
using the historical catch of multiple speciesl&raative fishing sites, and this information
is already used in the model for individual speciege-weight variables. Having
experimented with using the expected revenue dt siée as a predictive variable when also
using species live-weights across alternative sisea predictive variable, this was indeed the
case (i.e. multicollinearity resulted). In fact thstimated coefficient of expected revenue
became increasingly smaller, and eventually beaaagative, when more species live-weight

variables were added to the model.
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5.6.2. Defining fishing location alternatives

The definition of fishing location alternativestims paper arises out of the work of Gerritsen
et al. (2012). Indeed the data used to constrsbirfg location alternatives in that study is the
same data used in this analysis. This sectionlgétaiv these fishing location alternatives
were decided upon and constructed. It is partibul@evant since when | go on to discuss
the results of my analysis, that is, the changkstong site visitation probabilities that arise
out of simulated quota changes in the predictivelehol place particular emphasis on the
impact of the quotas on groups of locations whiah laked by the dominant species with
which they are associated in the Gerritsen et28l1%) study. Therefore it is important that

the reader have an understanding of how these #indsassociations are defined.

The first step in the process was to use the VM8&tlon data to determine which areas of the
open seas were bonafide fishing locations. Asrdest by Gerritsen and Lordan (2011),
VMS automatically collect positional data from fisp vessels by transmitting a signal via
satellite every two hours. A speed rule is thenliadpto this data, such that vessel-speed
criteria can be used to infer whether a VMS reamdesponds to fishing activity. In the case
of demersal otter trawl fisheries, the speed atclwhiessels travel while fishing can lie
anywhere between 1.5 and 4.5 knots. Thereforedteewas filtered for location observations
with travel speeds within these boundaries. Acecwydo Gerritsen and Lordan (2011), vessel
speed can distinguish fishing activity with an aecy of 88% and most errors (both false-

positive and false-negative) occurred around thg and end of fishing operations.

Once areas of fishing activity are determined us#MS data and the speed-rule, daily
retained catch data could be applied equally tt sweas for each vessel on each date. The

resulting catch data could then be aggregatedetgtial of 0.10 longitude X 0.0% latitude.

In this case, the researchers had to balance betaekieving a good level of spatial
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resolution and allowing for a sufficient numberdaita points within each grid cell. The data
used was from 2006-2009 and grid cells with lesstBVMS location observations that
corresponded with fishing activity, or grid cellsthvless than 100kg retained catch were

omitted from the analysis.

Once historical retained catch data had been cadbwith location information it was
possible to define regions according to the domntirspecies harvested within them. To do
this the researchers applied a hierarchical cluatelysis to the now spatially-defined
historical catch records. Importantly, 10 key spsctypes were used to define clusters
according to similarities in historically retainezhtch species compositions at various
locations. A table from the study defining thesecsgs types and their historical contribution
to retained catch is shown in Table 5.1. Naturalyhost of species will be harvested and
retained across fishing locations, but to defineaaraccurately, focus was given to species
which represented the bulk of commercially harvesigecies. According to the study, these
10 species categories accounted for 90% of totakdsal landings in the study period and all
other species were grouped into an 11th categothdt’). The retained catch weights by
species category in each grid cell were convedeaataportions. Next, a dissimilarity matrix
was constructed by calculating the Euclidian distalpetween the cells using the proportions
of the 11 species categories to define their looain 11-dimensional Euclidian space. A
hierarchical cluster analysis, using Ward’s minimuaniance clustering algorithm (Gordon,

1987), was then applied to this matrix.
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Table 5.1: The 10 most common species classes ie ttatches which were used in the
cluster analysis and their contribution to the landngs.

Cod Cod Gadus morhua 3%
Mostly Phycis blennoides,
Heliocolenus dactyloptreus,
Apogonidae,

i 0,
deep All deepwater species Coryphaenoides rupestris, 4%
Aphanopus carbo and Lepidopus
caudatus
had  Haddock Melanogrammus aeglefinus 10%
hke Hake Merluccius merluccius 5%
meg  Megrim tgggiorhombus whiffiagonis and L. 7%
e | sl Lophius piscatorius and L. 14%
budegassa
nep  Nephrops Nephrops norvegicus 30%
pok  Saithe Pollachius virens 2%
Generally not identified to
ray All rays and skates species level in the 4%
logbooks database
whg  Whiting Merlangius merlangus 12%
other All ot_her demersal 10%
species

Adapted from Gerritsen et al. (2012).

The researchers (Gerritsen and Lordan, 2011) haedmle how many clusters would allow
them to best reflect the alternative location clsithat fishermen actually faced: if the
number of clusters decided upon was too low, thmeties that occur in distinct habitats
would have been grouped together but if the nunabelusters was too high, then similar
fisheries would have been assigned to differenstels. After expert consultation to decide
on an appropriate number of clusters, the spatstiloution of these clusters was mapped
and regions with cells of the same cluster thatewemtiguous were defined by manually
drawing polygons around these regions. To improke tlarity of fishing location

alternatives, depth contours and information ontdmottype were used to improve the
boundary definition. Furthermore, while the clustgrtechnique led to 11 distinct clusters
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(see Fig. 5.1), a larger number of regions thastels was eventually defined, due to the
possibility that one species composition clusteghtioccur on two or more spatially distinct
fishing grounds. Boundaries were drawn manuallyuadoregions with cells of the same
cluster. The resulting regions were given namesnain fishing grounds or geographical
features in order to identify them. The resultirgfi3hing regions of the cluster analysis and
geographically defined boundary depictions can Bsved in Fig 4.2 The summary
statistics for each of the 34 regions provided lgyriBsen et al. (2012) are reported in that
study. Due to similarities in proximity of areaaldadie 1 and Labadie 2 and the similar live-
weight retained catch profiles of each locatioresth were treated as one fishing location
alternative in this particular study and thus thesere a total of 33 discrete alternatives

modelled in the analysis.

To summarise, the clustering algorithm identifieldisters that were spatially discrete.
Therefore it was possible to identify a number efions that were largely objectively
defined, i.e. requiring only a small amount of expeterpretation. For regions with a patchy
distribution (e.g. the deep cluster), additiondbrmation like depth contours or bottom type

were needed to draw appropriate boundaries.

*? The cells of the Deep cluster were not contiguausime places, but it was decided to include aiehinto a single region. Depth
contours were used to determine the boundaridsofegion in areas where data was sparse. InrttadiSregion (to the south-east of
Ireland), the Nephrops and Nephrops-mixed clustere merged as these correspond to a single Nepfishery taking place on a well-
defined mud patch. Similarly, small and spatiallstidct fishing grounds like Blackstones and Capelfe north of Ireland) were also
defined as single regions even though they cordate#ls from a number of different clusters.
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Figure 5.3: Species composition of the landings dfish demersal otter trawlers during
2006-2009 in Irish and UK waters.
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Each grid cell contains a 2-dimensional barplotvirich the area of each colour in the grid
cell is proportional to the species compositionwsight (the plot was created using the R
package “mapplots”). The cells are 0.1@ngitude x 0.05latitude in size.
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5.7. Analysis and results
As earlier mentioned in the methodology sectiona,dtscrete choice model finally selected to
carry out the analysis was the conditional logitdelo The total number of observations in
the data set for all otter trawl demersal fishimgsels fitted with VMS devices in 2009 was

205,564, (6,046 trips each with a potential outcafmene of 34 fishing location choices).

5.7.1. Interpretation of estimated coefficients of coratial logit

Table 5.2 shows the list of variables used in thedeh and Table 5.3 shows the model

estimation results produced by the conditionaltlogpdel for the entire data set.

Table 5.2: Model Variables

Model Variables Model Symbol Estimation Acronym
Distance Xnit1 DIST
Liveweight of:

Cod Xpit2 COD_KG
Deepwater species Xnit3 DEEP_KG
Haddock Xnita HAD_KG
Hake Xnits HKE_HG
Megrim Xoite MEG_KG
Monkfish Xpit7 MON_KG
Nephrops Xpits NEP_KG
Rays and skates Xnito RAY_KG
Saithe Xnir10 POK_KG
Whiting Xnit11 WHG_KG
Other demersal species Xpit12 OTHER_KG

Results displayed include the mean estimated coefi for each species, standard deviation
of each coefficient, and goodness of fit measuldisvariables are statistically significantly

different from zero at the 95% confidence levelr kalividual species variables, there is
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some variation in the signs on the coefficients thig is not unusual or undermining for a

conditional logit analysis.

The signs on COD_KG, HAD_KG, HKE_KG, MEG_KG, MON_KGIEP_KG, RAY_KG
AND POK_KG are all consistent with economic theand of a positive sign. This means
that an increase in the retainable live-weight ltait any of these species at an area will
increase the probability of that area being chaem fishing alternative at the outset of a
trip. Distance, or DIST, exhibits a negative sigmjs an increase in the distance a vessel
must travel to reach a fishing ground will have egative effect on the probability a

particular site being chosen.

In the case of negative coefficients, it is impotti recognise that the coefficients represent
on average outcomes only. For example, where males lis being caught fishers are less
likely to visit on average, so the sign is negatiwet within the fleet, if we were to dig down
deeper into the data, there would be individuals wle more likely to visit a site that has a
higher abundance of Hake. However the conditioogit Imethodology prevents such further

analysis.

The results of the conditional logit regression @asistent with findings from other studies.
In particular, Eales and Wilen (1986) also used®ss own live-weight estimates of retained
catch at different locations and found that thisalde had a positive relationship with the
probability of an area being chosen as the locattomhich to fish. Valcic (2008), Smith and
Wilen (2003) and Holland and Suttinen (2000) allrfd that the greater the expected revenue
associated with an area, the greater the probatfilit this area would be chosen out of the
total set of fishing location alternatives. Of @gove studies, three (Smith and Wilen, 2003;
Valcic 2008; Eales and Wilen 1986) found that wiusimg distance as proxy for expected

travelling cost (instead of using a measure ofdllang cost as a variable in the model
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specifically), the relationship was negative, timtdistance had a negative effect on the

probability of vessels selecting a particular fighlocation.

The results of Valcic (2008), Holland and Sutin@®00) and Dupont (1993) appear to
support my omission of the standard deviation efcggs live-weight as a predictive variable
of site-choice probability. Valcic (2008) found ghvariable to be statistically insignificant
even at the 50% confidence level. The appearancislebeeking behaviour in fishermen is

also documented by Dupont (1993) in salmon fislwesgsels in British Columbia.

In Irish demersal otter trawl fisheries, the prignaoncern in fishermen’s species targeting
choice is the amount of quota available for anycsse If allowed to do so, fishermen will
continue to target these species until they hasehed their quota, regardless of how much
catch variability they face in doing so. Vesseldhis fishery operate in a highly leveraged
fashion, in areas with few other economic oppottesj and therefore vessel operators must
simply accept whatever catch variability is assclavith a species catch potential, which is

primarily determined by quotas.

Holland and Sutinen (2000) find evidence of riskinality and risk-seeking behaviour in
fishermen in New-England groundfish fishermen yaing there is evidence that fishermen in
multi-species fisheries reduce risks in other waygh as targeting a variety of species. This
idea resembles a suggestion by Hilborn (2001) wisoudses the possibility of fisheries
management initiatives using species portfolio theto allow fishermen to broaden and
diversify their set of target species so as to gmawcoming revenues over time. However
guotas are a problem for such forms of risk manayenBy being forced to rigidly subscribe
to species quotas, fishermen may well be forceattept high levels of variation in the catch

of species for which they have available quota.
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In the future even this form of fishing behaviouayrbe forced to change due to the current
phasing in of a discard ban. The EU discard bah atiémpt to minimise the catching of
juvenile fish and unwanted species and make thdirignof any unwanted species a legal
necessity. Initially it will apply to pelagic andirgace fish but will be relevant to demersal
fisheries from January 2016 (RTE, 2013). Becaussgllinegate excessive catch of unwanted
by-catch species that have stock levels below M&May involve the reduction of fishing
effort for species that have stock levels above Mt could otherwise be caught freely. In
such an instance, these biologically sensitive bBgetaught species become known as
“choke” species, since they prevent the catchingtbér potentially sustainably harvested
species until such a time as more selective geabealeveloped. It is worth noting that the
discrete choice methodology applied here, which attempt to quantify the redirection of
displaced effort to other fishing areas followingotp changes, would be useful in such an
instance, informing fishery managers where newirigleffort will arise, and where sensitive
by-catch species are likely to be further affedigdishing effort following quota changes. It
will also be useful to inform authorities and staslelers where choke species are likely to

arise and restrain fishery rents, following qudtarmges.
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Table 5.3: Conditional Logit Results

‘ Coef. Est. ‘ Std. Err.

Model Variable

DIST -0.0012263* | 0.0000791
CODKG 0.0000071* 0.0000014
DEEPKG -0.0006173* | 0.0000494
HADKG 0.0000084* 0.0000009
HKEHG -0.0000066* | 0.0000010
MEGKG 0.0000026* 0.0000005
MONKG 0.0000124* 0.0000011
NEPKG 0.0000009* 0.0000001
RAYKG 0.0000126* 0.0000013
POKKG 0.0000123* 0.0000011
WHGKG -0.0000013* | 0.0000002
OTHERKG -0.0000188* | 0.0000027

Goodness of Fit

205,564 (6,046

trips x 34

location-
Number of observations alternatives)
Log likelihood function (LL( ")) -17,728.779
Restricted log likelihood -21,320.376
Chi-squared 7,183.15
LR Chi-squared (12) 1- 0.16846

LL( BY/LL(0)

Rather than relying on the R-squared stafitiz determine the goodness of fit of the model |
use the likelihood ratio index test which involvestimating two conditional logit models
under different circumstances and comparing theme.first model is run using the estimated
parameters based on the entire data set and thedsescrun when all parameters are assumed
to be zero. This produces two log likelihood ratibs(3) andLL(0) respectively. Table 5.3
shows the likelihood ratio index, which is defirestt — LL(f)/LL(0). This likelihood ratio
index test compares the log likelihoods of the m@dels and tests whether this difference is

statistically significant. The likelihood ratio ia® of the estimated model is 0.1685 and thus

22| do not use the R-squared statistic to interpret the goodness of fit of the model as logistic regression does
not have an equivalent to the R-squared that is found in OLS regression and therefore it can be misleading to

do so.
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the results of the test show that the differencevéen the two models is statistically
significant, i.e., that the less restrictive motlaked on the estimated paramefefits the
data significantly better than the more restrictmedel, where all parameters are assumed
zero. The statistic has a chi-squared distributioth degrees of freedom equal to the
difference in the number of degrees of freedom betwthe two models (in this case, 12;
distance, 10 species variables and the ‘other'ispaategory). Experimenting with the Wald

test also produced results consistent with theddR t

5.7.2. Model validation: comparing areas’ estimated anduat percentage share of
trips

The reason for estimating variable coefficientsha previous section is to use these model
parameters to predict the fishing location choi¢evessels in Irish demersal otter trawl
fisheries. Such a model can then be used to sietiet impact of quota changes on the
fishing location choice. This is the key advantégeising discrete choice models; it allows
the analyst to predict the impact of a policy beftre policy has been implemented. If the
model performs well, and allows the parameterstu@tely predict vessels’ fishing location
choice, then there should be a good degree ofagityilin the percentage share of trips to all
areas that is actually observed in the data angrindicted percentage share of trips posited
by the model. If this is the case, then it will basier to rely on changes to site-choice
probabilities that the model predicts when quotast@ints are added to the simulation, i.e.
the model will be a better predictor of the impatta policy change. This form of model
validation is rare and to the best of my knowlettgemain example is from Valcic (2008). In
this section then, | compare the actual percentdggps made to the 34 fishing sites with the

percentages estimated by the model.
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From section 5, recall the equation:

Py = PrOb(Snjt — &nit < Vnir — ant)

= f I(gnjt — &nit < Vnit - ant)f(gnt)dgnt

&

Using the models estimated parameter values anddhected data allows the analyst to
approximate the above probability equation, i.e. phobability that fisherman will choose
areai on choice occasion. The resulting probabilities of this exercise ahd actually
observed (in the data) percentage share of tripsath site are shown in Table 5.4. This

information is also displayed graphically in Fig35

Table 5.4 shows the difference between predicteldaatual area-visitation percentages. The
difference between the two is less than 0.5% foodRof the 33 fishing areas, and between
0.5% and 1% for 14 others. For a further 6 fishamgas the difference between actual and
predicted site-visitation lies between 1% and 2%e ©nly real outlier is fishing area Cork,
where the difference between predicted and acteal-asitation is 6.97%. It is difficult to
suggest reasons why this is the case. The protyabilvisiting a site is overestimated in 22

cases and underestimated 12, albeit by less than 2%out of 33 cases.
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Table 5.4: Actual and predicted site visitation pecentages for sample period

Fishing % visitation % visitation Predicted -
Area (actual) (predicted) Actual
Achill 1.29% 0.96% -0.33%
Aran 4.02% 2.67% -1.35%
Blackstones 0.07% 0.92% 0.86%
Blaskets 0.38% 1.06% 0.68%
Cape 0.28% 1.16% 0.88%
Cork 9.06% 2.10% -6.97%
Deep 0.13% 0.76% 0.63%
Donegal 0.28% 1.29% 1.01%
Erris 2.55% 2.36% -0.18%
Galley 19.63% 21.05% 1.41%
Hebrides 0.26% 0.70% 0.44%
Irishsea 8.17% 6.92% -1.25%
Labadie 13.26% 13.04% -0.22%
LoopHead 0.91% 1.35% 0.45%
Mizenl 9.35% 10.15% 0.80%
Mizen2 2.80% 1.70% -1.10%
Moher 1.41% 0.81% -0.60%
Morecambe 0.08% 1.05% 0.96%
Mullet 0.25% 1.05% 0.80%
Nymphe 6.25% 5.08% -1.18%
Porcupinel 1.36% 1.79% 0.44%
Porcupine2 0.15% 0.30% 0.16%
Rockalll 0.71% 1.14% 0.43%
Rockall2 0.10% 0.78% 0.69%
Slopel 1.95% 1.23% -0.72%
Slope?2 3.84% 3.55% -0.29%
Slyne 0.18% 1.05% 0.87%
Smalls 7.36% 7.55% 0.19%
St.George 1.80% 2.14% 0.33%
Stags 0.15% 0.99% 0.84%
Stantonl 1.37% 1.22% -0.15%
Stanton2 0.55% 1.12% 0.57%
Tory 0.05% 0.94% 0.89%

Note that only 33 sites are shown because sites laalie 1 and 2 were combined
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Figure 5.4: Bar chart of actual and predicted sitevisitation percentages for sample
period
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As pointed out by Valcic (2008), one reason forfedénces between the predicted and
estimated percentage shares of fishing effort maytHe fact that the model does not
implicitly account for the proportion of habitatpy in each area. Area characteristics like
ground type or depth therefore act as omitted bt skewing the estimation somewhat and
causing bias in the model’s betas. The impact isfdmitted variable bias is likely to be less
significant in this study than in the Valcic studgwever because Gerritsen manually drew
some of the area boundaries on the basis of grogedand furthermore used depth contours
and information on bottom type to improve the baamddefinition. It is likely however that
superior measures of habitat type, depth and @iteax-specific characteristics would reduce
the possible bias in the model’'s estimators, legadm better predictions of the spatial-

behavioural impact of policy changes on fleet dyrtam
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5.8.Policy application: Simulating the impact of quota changes on fishing
location choice

5.8.1. Results for all fishing areas

As discussed in section 5.3, most discrete choioedets used to simulate fishing-based
decision-making have focused on the impact of @teaures or profit uncertainty on the
fishing location decision (Eales and Wilen, 198@&cBstael and Opaluch, 1983; Dupoint,
1993; Larson, Sutton and Terry, 1999; Holland amdin®n, 2000; Mistiaen and Strand,
2000; Curtis and Hicks, 2000; Smith and Wilen, 208&ith and Zhang, 2007; Valcic, 2008.
Eggert and Tvertas (2004) use estimates of revanddahe standard deviation of revenue to
model gear choice while others model the entry é&dision for a single fishery using risk
trade-off measures (Smith and Wilen, 2005) or \meis such as price, abundance of target-
species in the fishery and changes to fleet sizar@vend Sutinen, 1994). At time of writing,
| am unaware of any discrete choice analysis wiiak modelled the impact of quota

changes on effort displacement and the fishingtioealecision.

The first step in simulating quota changes in Irddmersal otter trawl fisheries was to
determine realistic or potential future changesspecies quotas. In December 2013 the
European Fisheries Council announced changes tta dooseveral species relevant to the
Irish demersal otter trawl fleet; see Table 5.6r $ix species categories, there was no change
in species quota, for a further four the changguata was negative and for only one species

(Monkfish) did the changes result in an increasguata.
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Table 5.5: EU Fisheries Council changes to speciggotas for 2014

Species Quota change

Cod None
All deepwater species None
Haddock -33%
Hake None
Megrim None
Monkfish 15%
Nephrops -9%
Saithe None
All rays and skates -10%
Whiting -23%
Other demersal specie: None

Unlike the simulation of an area closure, whichalwes removing closed areas from the
fishermen’s choice set (e.g. Valcic, 2008) thereaschange to fishermen’s location choice
set when simulating quota changes. Rather, thenpalt®f each location to produce species
for which quotas have changed is now changed (asagafishermen’s bottom line is
concerned) by regulation. For this reason fisheits reduce fishing effort in areas where
species with reduced quotas are dominant and \acgayv From a by-catch perspective, the
important detail is that the redirected effort wilsult in a change to discard patterns. To
reiterate an earlier made point, the only barmedétermining what the change in by-catch
levels may be is attaining estimates of by-catckaoh area. Armed with estimates of by-
catch of demersal otter trawling for different spedn each of the 33 areas and the predicted
effort reallocations of the present conditionalilagodel, fisheries scientists may be able to
predict some of the changes in by-catch in theefiglhat result from the quota changes. As

earlier alluded to however such by-catch estimatescarce.

Proportionately restricting (or increasing) the agfy of species with changed quotas to
contribute to the live-weight retained catch atheatthe 33 fishing areas, and recalculating

the probability of site visitation at the outseteafth trip, produces the post-quota estimates of
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percentage share of fishing trips to each area showable. 5.5 and Fig. 5.4. Overall, the
simulation suggests significant decreases in p&agensite visitation in some areas and
significant reallocation of displaced effort intiteanative fishing locations. Note that an
assumption of the model is that the number of tnzle in the Irish demersal otter trawl
fisheries will remain unchanged following quota rhes. While it is possible that quota
changes may cause fishermen to exit the fisheputsue other economic opportunities, this
is not reflected in the model. The degree of disgrl@ent predicted by the model will be

exaggerated if this is the case
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Table 5.6: Actual site visitation percentages and rpdicted percentages following the
guota change for the sample period

Quota-
% % visitaton  sim

Fishing visitation (quota minus
area (actual) simulation) Actual
Achill 1.29% 1.10% -0.19%
Aran 4.02% 2.91% -1.11%
Blackstones 0.07% 1.07% 1.00%
Blaskets 0.38% 1.19% 0.81%
Cape 0.28% 1.30% 1.02%
Cork 9.06% 2.16% -6.90%
Deep 0.13% 0.88% 0.75%
Donegal 0.28% 1.40% 1.12%
Erris 2.55% 2.02% -0.53%
Galley 19.63% 6.69% -12.94%
Hebrides 0.26% 0.81% 0.54%
Irishsea 8.17% 6.57% -1.60%
Labadie 13.26% 15.42% 2.16%
LoopHead 0.91% 1.49% 0.58%
Mizenl 9.35% 11.08% 1.73%
Mizen2 2.80% 1.94% -0.85%
Moher 1.41% 0.90% -0.51%
Morecambe 0.08% 1.21% 1.13%
Mullet 0.25% 1.24% 0.99%
Nymphe 6.25% 2.81% -3.45%
Porcupinel 1.36% 2.26% 0.90%
Porcupine2 0.15% 0.36% 0.21%
Rockalll 0.71% 0.62% -0.09%
Rockall2 0.10% 0.89% 0.79%
Slopel 1.95% 1.53% -0.43%
Slope2 3.84% 14.18% 10.34%
Slyne 0.18% 1.22% 1.04%
Smalls 7.36% 7.71% 0.35%
St.George  1.80% 2.20% 0.40%
Stags 0.15% 1.14% 0.99%
Stantonl 1.37% 1.31% -0.06%
Stanton2 0.55% 1.29% 0.74%
Tory 0.05% 1.09% 1.04%

Differences or estimated spatial impact of the gutanges is also shown in column 3
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Figure 5.5: Bar chart of actual and post-quota chage predicted site visitation
percentages for sample period
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5.8.2. Analysis of results by location cluster

To interpret the results of the simulation in mdegail, | analyse the impact of quota changes
according to groups or clusters of areas defined Geyritsen et al. (2012) and as
demonstrated in Fig. 5.2. These area-clusters etexrdined according to similarities in the
retained live-weight catch of species. For examfhedmix” forms one cluster in which
Haddock is the dominant species harvested, anddesl areas such as Rockall 1, Galley,
Erris and Hebrides. | analyse the impact of thetgudhanges in terms of changes in
percentage share of trips to each location in theter. This is done for all clusters and

makes interpretation of the results more clear.

The simulated impact of the quota changes on theeptage share of trips made to each area
in the hadmix cluster is shown in Fig. 5.5. Of mattar note is the impact of the quota
change on the percentage share of trips made @Bdhey site ( from 19.63% to 6.69%). The

Galley site was the area with the largest percensh@gre of Irish demersal otter trawl trips
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during the sample period (19.63%) and was the rpostiuctive area for the harvest of
Haddock; (553,918 kg, or 49.36% of all Haddock ¢daug the hadmix cluster). Given the
fact that this site also accounts for a large hetnad Whiting and Nephrops, it is not
surprising that the estimated percentage shangpsffell in the simulations as the quota was
reduced for all of these species. As this locatadso accounts for a sizeable catch of
Monkfish, it is likely the impact would have beerora significant had quota not been
increased on this species. The percentage shamnp®fmade to Rockall 1 and Erris also fell,
albeit by a small percentage. It is worth notingttim the case of Rockall 1 and the Galley
site, there was a tendency in the model towardsaugpWwias, that is, the model over-predicted
percentage shares at each of these sites. Thissmiganfor these sites the actual impact in
reality may be greater than that predicted by tloeleh For Erris, Donegal, Hebrides and
Porucpine 2 (for which the model displayed upwarashn the predicted site visitation
probabilities) the opposite is true; i.e. the moaaly be overestimating the percentage share

of trips to these areas after the quota changes.

Figure 5.6: Comparison of actual and simulated sit@isitation percentage share of trips
within the hadmix cluster

Hadmix cluster % share trips
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Figure 5.7: Comparison of actual and simulated sit@isitation percentage share of trips
within the Whiting cluster

Whiting cluster % share of trips
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From Gerritsen et al. (2012) only two areas werduohed in the Whiting cluster; Nymphe
and Blaskets. The results of the simulation indicgnificant displacement of effort arising
out of the quota changes in the Nymphe area, andcagase in effort in Blaskets. However,
the pre-quota model estimations under-estimategéheentage share of trips to the Nymphe
site and over-estimated it for Blaskets. Regardibgsextent of the change for the post-quota
change simulations are significant enough to sugdes a pattern similar to that observed in

the simulations will/would occur in practice.

Changes to the percentage share of trips madee&s an the nephrops and nepmix clusters
(see Fig. 5.7 and 5.8) were not as significant l@@nges within other clusters. Indeed
following the quota changes, simulation resultsdatéd that for a number of key nephrops
producing sites such as Labadie, Smalls and Stahttre percentage share of trips actually
increased. This can be explained by consideringfaetors; firstly, the level of displacement
arising out of areas in the hadmix and Whiting s and secondly, due to increases in the

guota on Monkfish (which are caught in significanimbers in many key nephrops sites). In

167



particular, despite the percentage share of tspmated by the model for Labadie exhibiting

a downward bias, the level of visitation is predetoincreasesignificantly following the

guota changes. For other sites, while a fall irdjgted site visitation after the quota changes

is predicted, for these locations, there is a §igamt existence of downward bias. This is

especially true for the Cork site, to the degrex the prediction of the model for percentage

share of trips to Cork following the quota changesst be interpreted with caution.

Figure 5.8: Comparison of actual and simulated sit@isitation percentage share of trips

within the neprhops

cluster

Nephrops cluster % share of trips
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Figure 5.9: Comparison of actual and simulated sit@isitation percentage share of trips
within the nepmix cluster
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The simulation indicates widespread increase icgrdgage share of trips in almost all areas
in the mixed cluster. While the model's pre-quokterge estimates of percentage share of
trips to many of these areas were upwardly biadezte remains an indication that effort

displaced from the hadmix and Whiting clustersamb absorbed by these areas.

For the ray cluster, the impact is more ambiguairsce the predicted post-quota change
percentage share of trips increases for some arehfalls for others. Most of these areas are
small and produce only small catches of ray andeskehe most important ray and skate
fishery within the cluster is St. George, and threusation results indicate that despite the
guota decrease for ray and skate species, thar@radicted increase in percentage share of
trips to this area. Again, this is most likely ssukt of the high levels of displacement

exhibited by the hadmix and Whiting clusters.

Monkfish were the only species for which the qugtanted to fishermen in the Irish
demersal otter trawl segment was increased in 204#le Monkfish are caught at many
sites in Irish waters, the Gerritsen et al. (2042nk cluster included sites Slope 2, Stags and
Slyne. An increase in percentage shares of tril tof these areas is predicted in the post-
guota change simulation (see Fig. 5.9). However ctange is most notable for the Slope 2
site, which is the main producer of Monkfish acrafis33 fishing location alternatives. The
suggestion then is that while in other fisheriesr (example in the hadmix, Whiting ,
nephrops and nepmix clusters), the increase inaquotMonkfish may thwart to some degree
the displacement of effort from these regions, itasslike Slope 2, Stages and Slyne, it

absorbs displaced effort from other fisheries.
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Figure 5.10: Comparison of actual and simulated s visitation percentage share of
trips within the monk cluster
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5.9. Discussion and Conclusion
Since ecosystem-based fisheries management reguimadtispecies perspective, empirical
methodologies that can fulfil this criterion aredamand. Typically, empirical multispecies
analysis have followed one of two formats; a bioremmic model which determines the
optimal harvest rate of more than one species usstighated predator-prey or competitor
parameters, or structural ecosystem models thatbeansed to determine optimal Total
Allowable Catches (TACs) across multiple specielBe Thethodology used in this paper
provided a third alternative to model the impact@nhagement changes on multiple species

by using realistic fishing site options within acliete choice modelling framework.

The use of such an approach can provide policy reakigh an assessment of the ecological,

economic and potentially social implications offelient designation strategies in order to
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meet the requirements of policies such as the Mainategy Framework Directive (MSFD),
the Habitats Directive and the reformed Common étigis Policy (CFP) and also in helping
to decide on potential conflicts in the establishmef networks of MPAs in European
waters. As pointed out by Katsanevakis et al. 20inany of these conflicts will only be
resolved through the use of ecosystem-based mspeigal management, which is now seen

as the most appropriate approach for the integratathgement of the sea.

With these considerations in mind, this study camadifishing vessel positional data with
records of retained catch and economic informatiging this information to empirically
model the spatial targeting decisions of fishiregtlin the Irish demersal otter trawl fishery.
The application of the RUM to this data set alloviedan analysis which sought to estimate
the impact of quota changes on fishing site chol@ntatively, it appears that employing
discrete choice modelling techniques in this way &ssist fishery managers in estimating the
changes in the spatial distribution of fishing efffthat arise from policy changes. More
specifically, the results indicate that the quataposed on the Irish demersal otter trawl
fishery will lead to substantial changes in thecpatage share of fishing trips made to each
area in the fishery. Overall, the results of theltmamial logit used in the analysis were

economically consistent and coherent with econdh@ory and other studies in the area.

Certain caveats, standard when employing such gririeal model, should be observed.
Upward and downward bias in the model’s estimatitirbe exacerbated by the omission of
information which influences the fishing locatioeaision, such as skipper skill or habitat
type information. The nature of the model's assuomst must also be borne in mind. One
assumption (that fishermen will remain in the fishafter quota changes), if false, will

exaggerate the degree of effort displacement terdtications, albeit a small exaggeration.
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An important issue in global fisheries managememprr@sent is that of the by-catch problem.
The relevance in this context is that displacingréffrom one fishing site to another will
have a connotation for the level of by-catch. Sadlye to the phenomenon of discards, this
information is not recorded and it is therefor#idilt to estimate the degree of by-catch
taking place in different fishing locations and fiifferent fishing methods and gear types.
With the advent of the discard ban however, thisasion will change and the degree of by-
catch in EU waters will be recorded. The possiptio predict the changes in by-catch that
arise from fleet displacement following policy clgas is perhaps the most promising area for
future research. Further research could also wsédheries site choice model developed in
this paper to investigate the impact of the fororatof one or more MPAs on the fishing
location decision of demersal otter trawl vessélader CFP regulation the formation of
MPAs falls under the jurisdiction of member staéesl the insights garnered from such a
study would be helpful in the Irish MPA design pess. In addition, the inclusion of cost
data in future analyses and the expansion of thasedfato include pelagic trawls would

provide a more complete picture of spatial behaabdiynamics in the fishery.

Overall, the model developed here does achiewebjective of providing an insight into the
factors driving the fishing site choice decisiontloé Irish demersal otter trawlers. | would
also argue that the predictive power of the moslgreatly bolstered by the fact that due to
the degree of detail in the VMS data and the spat#épping techniques used by Gerritsen et
al. (2012), fishing site alternatives defined ir tstudy are more in line with fishermen’s
actual perception of fishing location alternativédost importantly the discrete choice
methods applied in the study highlight its potdndi® a tool for ecosystem based fisheries
management, taking account of various EU envirortahgoolicy initiatives such as the

MSFD, MSP and HBD.
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6. Conclusions

This chapter provides a summary of each chapttrarthesis and discusses the key findings
that have arisen from the empirical chapters. Tlieséngs and the connotations for relevant
policy and future research are discussed in théegbwof the core research objectives of the
thesis. Section 6.2 draws attentions to the limoitet of each methodology employed and
asserts certain caveats for interpretation of thsults. Section 6.3 recommends future
avenues of research, given, and taking stock effitidings and limitations of the research
demonstrated in this thesis. Finally section 6sésuthe findings of the three empirical

chapters to make policy recommendations for Irsdstal and fishery management.

6.1. Key findings
A major theme in the research carried out in thisis is the significance of stakeholder
behavioural dynamics, and the attitudes of stalddisl themselves toward sustainable
management, in successful marine and coastal eme@otal policy design. Specifically, this
thesis provides a detailed analysis of the impdcicltanges in fishery legislation on
fishermen’s harvesting and/or spatial decision-mgkiand the significance of this
behavioural response for wider ecosystem manageguais. Through the use of portfolio
theory and the expected utility hypothesis, as vesll VMS data and spatial mapping
techniques, the thesis makes a number of contoibsitio the fisheries economics literature.
Furthermore, the thesis highlights the significantelifferences in social groups’ attitudes
and beliefs for collective consensus-based enviesriahk management. It's major
contribution in this regard lies in the propositi@md demonstration) that spatially-orientated

analytically qualitative frameworks be used notyaio determine socially optimal spatial
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management policies, but can also be employednastiac to understand the differences in

attitudes toward natural resource and ecoystem geamant across groups.

Chapter 2 began by covering the broad spectrumJoimiarine and coastal policy that exists;
from origins, to evolution, to the most up to dptdicy changes currently underway that are
of relevance to the principal research focus of tinesis. The evolution of early water
Directives into the overarching WFD was discussesl,well as the relationship between
WFD and other forms of environmental managementpsuch as the MSFD, HBD, ICZM,

MSP, and IMP. The complexity and interconnectedregsBeshwater, marine and coastal
habitats means that in order to be effective ineathg sustainability and measures of good
environmental status, these Directives must worleryistically and in unison to bring about
long term societal goals. In this respect, EU neand coastal policy has moved away from
sectoral and disjointed policy initiatives and ¢onés to develop a framework which marries

the various Directives into a single overarchingiemmmental management agenda.

Chapter 3 analysed the impact of changes to spgoiess on the harvesting decisions of
fishing fleet in the Irish Cod, Haddock, Whitingcahlake, Monkfish, Megrim fisheries by
using the portfolio theory framework and expecteility hypothesis to approximate the
objective function of each fleet. The combinatidnPd and the expected utility hypothesis
has been practised very little in fisheries redeard its use in this case was especially novel
since it was used to predict changes in the reddise-weight catch of numerous species in a
multispecies fishery when quota changes occur.t Flebaviour was further approximated
using an exponential weighting factor which atttdzl greater weight to more recent

observations in the fleet's expectation of speprases and catches.
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Simulations of hypothetical changes to speciesajuetre run based on the relevant scientific
recommendations after which the respondent chaingée species weights of the resulting
harvest portfolios were observed. In general, gsilts indicated that Irish fishing fleet in
these two fisheries are relatively efficient innter of risk-return trade-offs, since the
theoretically optimal point of production was siamilto that observed in practice. The main
undertaking of the study was to ascertain whethe&rob precautionary quota constraints on a
single species in a multi-species fishery affeet ristention of catch of alternative species in
the fishery or in neighbouring fisheries. The resuldicated that this was indeed so, and the
study then set about quantifying the degree to lwthes was the case. The changes that arose
in the contribution each species made to the hap@sfolio could then be used to inform
fishery managers which species were likely to eepee increased retention in live weight

catch following quota changes on any given species.

The simulations highlighted the already identifipbblem of traditional whitefish fleets
entering alternative fisheries, such as the Hakenk¥ish and Megrim fishery. Its focus on
predicted behavioural responses to protective measallowed for the factoring of these
changes into management decisions so as to aveiedinted changes in fishery targeting
behaviour. Under the third hypothetical scenanowation, wherein precautionary measures
were placed on Monkfish, the short term alleviatiwinfishing effort on the traditional
whitefish stocks was reversed, and effort againag$ed on stocks like Cod and Whiting in
the optimizations. This demonstrated the capadith@ model to play a role in more forward
thinking planning when adopting a precautionaryrapph. Ultimately, there is little benefit
to alleviating the strain on one stock by tempdyaallowing effort to focus on another if in
the long term, decline in the stocks of the “alstive” species led fishers back to their

original species targeting behaviour.
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Chapter 4 presents an application of Biome PodfAlnalysis (BPA) to the larras Aithneach
peninsula, an Atlantic coastal region located im@onara, Co. Galway in the West of
Ireland. The undertaking had two main concernsstliyir was to apply BPA to a coastal
region to develop the framework further, as a toolICZM. The requirements for such a
framework are very specific in that it must be st orientated, allow for the participation
of multiple interest groups in the community, pdartrade-offs between alternative ecosystem
services and risks to be assessed and finallystassastal managers in making qualitative

decisions between alternative policies.

The second concern of the study was to determireldhel of coherence in the stated
principals of ICZM. In order to manage ecosysterascessfullyand equitably, ICZM
attempts to combine strategic, scientifically foadgrincipals, with local, participative ones.
The problem this creates however is that a scieniiiderstanding of ecosystem processes,
and a locally orientated stakeholder understandiag,be at odds with each other and lead to
different ideas about how ecosystem ‘biomes’ shob&l managed, and also which
development projects are most desirable for thensonity and society at large. The major
contribution of this study then is the attempt t&tedmine the extent of this ‘attitude gap’
between scientists and local stakeholders by etmafpaeach groups opinions about
ecosystem services and threats separately using &RRAusing this information to compare

attitudes and beliefs related to ecosystems serand their management.

The results indicated that local stakeholders enldiras Aithneach peninsula placed greater
value on services from biomes which contributed@daonmunity livelihoods such as coastal

water (fishing), sand beaches (tourism), coastahds (cultural value), peat bogs (turf-
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cutting) and agricultural land (farming). While feebiomes also received a high valuation in
the scientific consultations, it was due not ordythe existence of provisioning services
(which is what local stakeholdeasd scientists placed value on), but also to supporing

regulating services. The contribution of such estey services to society are less direct,
more complex and less obvious to observe withceincessary understanding and it is this
disparity between scientists and local stakeholdtetsiderstanding environmental processes
which creates ideological difference in how coaatalas should be managed. This disparity
also caused differences of opinion in the souroelsdegree of risk which certain biomes, and

in turn the services they provided, were subject to

In the stakeholder consultations, risk was given ltaver values than services from
equivalent biomes, except in the case of the riskver-regulation. Clearly then, stakeholders
were reacting to what they viewed as excessivelagn of provisioning services, which in

part can be explained by an insufficient understamaf the regulating and supporting
services which protected areas helped to provideinD the scientific consultations on the
other hand, the greater awareness of the panispaf the supporting and regulating
services of ecosystems, and the sensitivity ofettssgvices to human activities, led to far

higher risk-values for various biomes.

Because of the attitude gap between both grougsptoame portfolios with entirely different
risk return relationships arose from each condgahiatThe Portfolio Impact Sensitivity
measure (P1S) indicates the degree of correlatayosa biomes in terms of sensitivity to
threats; the higher it is, the more likely it isatha single or small number of threats could
have a highly negative impact on the ecosystemicgmnarising out of many of the biomes

within the management area. A low PIS suggesssntare straightforward to make decisions
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that yield highest possible biome returns whilerteaning” risks. The PIS of the biome

portfolio following stakeholder consultations wasvl This suggests a BPA study of an area
using only local participants could indicate to stah managers that return of the biome
portfolio is resilient to development of most oktimajor biomes, without systemic risks
affecting other biomes in the portfolio. Howevee gtientific consultations indicated that the
biome portfolio had a high PIS value. The implioatiof this from a coastal management
perspective, is that a decision affecting one biowld@ch may appear to pose no threat to
other biomes in the area (based on the valuemattaihrough the stakeholder analysis),
could affect the return from other biomes accordmgnore scientifically informed points of

view and analyses.

The final empirical paper in Chapter 5 sought taarstand the potential impact of recent
CFP reform on the fishing behaviour of fishermetrish waters. Specifically, it investigated
how changes to EU quota levels affect the fishiagation choice of Irish vessels in
multispecies demersal otter trawl fisheries basettish waters. Vessel monitoring system
(VMS) information and logbook and sale notes datarewused to create a detailed
representation of the spatial distribution of hisi@l retained species catches and the
corresponding fishing location choices made myéisten. The core contribution of the
paper was the use of VMS data, spatial mappingnigues and the RUM to make
predictions about the impact of changes to quotasthe fishing location decision of
fishermen. Overall, the results suggested thatgdsito fishing quotas lead not only (as was
shown in Chapter 3) to changes in the species mmetained catch, but also to significant

changes in this fishing location choices of demeayiar trawlers.

In particular, the results indicated that the dweareduction in quota on Haddock and
Whiting led to a general fall in the percentagershat fishing trips to key sites for these

species. For predominantly nephrops orientated,siiespite a reduction in species quota, the
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model predicted an increase in the percentage sidrigps. This latter result was likely due

to the level of displacement which had arisen idditeck and Whiting predominated species-
areas. Finally in the Monkfish dominant areas, idel predicted that the quota changes
would lead to an increase in fishing effort. Thigsanot a surprising result given the fact that
guota had been increased for Monkfish and suclsaxeae also absorbing displaced effort

from other regions

In general terms then, the three empirical studa&sed out in this thesis provide a detailed
analysis of stakeholder responsiveness to changesvironmental regulations, and the
importance of stakeholders’ attitudes and beliafshieir perception of ecosystem services
and management initiatives. It must be stressedeher that generalisations about
ecosystems per se, and particularly marine andtaloasosystems (which are highly
heterogeneous across space), can lead to erronemudusions about the optimal
management path for these resources. Rather iuperier to view the analysis and
management of both ecological and social system&ng®ing processes requiring the

constant application of case studies and spedifiedlapted methodologies.

The methods demonstrated in this thesis then, arantended to act as methodological
frameworks which can be applied routinely to anpegal coastal area or fishery, and from
which general theories can be drawn, but as stepisei process of developing frameworks
that can be adapted and applied on a case by ess® kthrough continuous testing and
improvement. As the review of policy in Chapter @ntbnstrated, the nature of aquatic,
coastal and marine management is intrinsically sectoral, non-homogenous and requires
high levels of integration and adaptability acrps$icy, research and management. Despite

the requirement of research in this area to be-spseific and spatially orientated, all three
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empirical studies carried out in this thesis araststent with the dominant economic and
social theories to which they relate which is testy to the robustness of the methods

employed herein.

6.2. General limitations of the research in thisthesis

Chapter 3 demonstrates how the portfolio methodologuld be employed to accurately
predict how a fleet might actually respond to vasi@atch constraints. To be of real practical
use however, further development would be necessaayticularly in terms of data
availability. The major data limitations were thack of data on costs and technical
interactions; these factors play a large role iteheining the profitability and feasibility of
achieving particular combinations of aggregate ftatc a multispecies fishery. For the
methodology to be developed further into somettiag could actually assist in multispecies
management decisions, such data would have todhedad. The model employed in this
paper minimised the consequences of omitting cat dy selecting fisheries with similar

variable costs amongst species and little to nedfixost fishery entry barriers

It is also the case that the measure of varianed usthe study is the variance in annual total
revenue over time which could be related to mamyetivariant factors as opposed to
randomly and independently over time. Furthermbmnsider the variance in revenues for
the Irish fleet alone, which catch only a fractiointhe total species harvest in each fishery.
This is likely to compromise the accuracy of thedelts predictive power somewhat since it
is impossible to know how the Irish measures ofarare apply to the wider international

fleet in each fishery. Despite these weaknessere ik scope for the portfolio approach to be
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improved upon by inclusion of catch data for théreninternational fleet and perhaps the
inclusion of more frequently observed species catghantities and prices. Future
improvement in the data collection process alomgéHines would resolve both of these two

issues.

Chapter 4 applies BPA to an Irish coastal peninshiracterised by diverse habitat types,
and uses this application to assess the degrehefence in the principals of ICZM. In some
respects, the two main objectives of the studyefd@ning whether BPA was feasible as an
ICZM tool and determining whether an ‘attitude gapists in local and strategic viewpoints)
drive at the same question. If no attitude gap detml exist between scientists and
stakeholders, that is to say, if there is not patligte understanding of the natural processes
driving ecosystems and their services, then BPA aat as a useful tool for ICZM since
attitudes and beliefs about optimal management bdllsimilar, and on a consensus basis,
management decisions can be made. The fact tha¢$h#s indicated a pronounced attitude
gap between scientists and local stakeholders theggests incoherence in the stated
principals of ICZM, and because of this, a methodglsuch as BPA, is unlikely to be able to
determine consensus amongst various interest grotgsis not so much a flaw in the BPA
methodology however, but in the incoherent naturelG¥M principals and a lack of
conceptualization of how ICZM is to be applied iragtice. There is also the scope to use
BPA as a measure for the degree of disparity betwaategic and local attitudes for any one
area. It is recommended that BPA always be camigdy defining categorical groups such
as local, strategic, stakeholder, relevant integestip etc, so that the risk-return values of
each group for each biome can be compared andsasisesd the sources of biome value can

be identified.
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An additional point to note from the results prdednin this Chapter is that apparently
similar biome valuations from both the scientifrtcddocal survey participants acquired value
from contradicting services, for example, conseovatand peat extraction. While

commonality in the value assigned to biomes’ totairn may indicate convergence (which
is attractive from a management perspective simcsuggests that strategic and local
objectives are aligned), similar total biome retuatues may not reflect consensus at all. In
fact, they can represent the very opposite; a cetelyl opposite point of view on the value of
the services delivered by the biome, and as a qoesee, a completely opposite point of

view on how that biome should be managed into e é.

The contribution of a service to biome portfoliaur®a was also found to be heavily affected
by the size of the biome it arose out of. Certatosgstem services, for example carbon
sequestration, need to arise out of large spatalsato provide a meaningful service. In such
a case, considering biome size is highly relevdmmecalculating which biome best provides
that service. However, there are many cases wheosystem services, in particular
biodiversity and existence value, are of priorygt are linked to relatively small biomes. It is
not ideal that a methodology designed to evaluales rand services relating to sensitive
ecological areas should understate these risksamnices when a biome is small relative to
other biomes in the study area. If anything, si@lines are more responsive to threat factors

and this should be represented in the methodology.

The final empirical paper of the thesis, Chaptewbich applied the RUM to Irish demersal
otter trawl VMS, catch and sales notes data inditaignificant spatial displacement of fleet
resulting from recent quota changes. While the rhpeeformed well across a number of
measures of goodness of fit, the existence of reupeard or downward bias in the model's

predictor of site visitation probabilities is likelto be more pronounced if information
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relevant to the fishing location decision is ondtttom the analysis. Where possible of
course, all available information was used in thalgsis, however measures of information
such as skipper skill, or highly detailed infornoatiabout area habitat and bottom type is
limited. It is likely that the use of such measumreshe RUM would reduce the bias of the

model’s estimator and improve the accuracy of tieeefs predictions.

Other issues to bear in mind when considering tliahility of the model developed in
Chapter 5 are the assumptions made in the anaRl@isexample, in my analysis | assume
that all fishermen will remain in the fishery arebpond to the quota changes by continuing
to fish, reallocating effort according to an objeetfunction based off of the random utility
framework. However, it is possible that fishermesaynalso choose to exit the fishery. In this
case, the model would over-predict the level obrffeallocation arising from the quota

changes.

6.3. Futureresearch arising from the findingsin thisthesis

Each methodology chapter in this thesis was unigod,therefore future research emanating
from each chapter will also be largely unrelatedterms of applying and adapting portfolio
theory to fisheries management research, furtheiti-gigciplinary work, such as
collaboration with fisheries scientists/managerthim design and application of the portfolio
methodology may lead to improvements in the modei&fulness. In addition, the
comparison of species’ weights resulting from aléive scenarios with the output of
structural ecosystem models is another avenueuford research that could yield informative
insights for fisheries management. Work involvihg £xtrapolation of cost data from similar

sized and comparable fisheries, and the creatiogost functions (as demonstrated by
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Rockmann et al. 2009) for data-poor Irish fishenesuld also improve the quality of a

portfolio approach to fisheries management greatly.

ICZM is a form of coastal management which is vewych in a development phase and
methodologies which can assist in its applicatioa im high demand. The BPA format
addresses many of the requirements of an ICZM fwaorle in that it is spatially explicit,
includes stakeholders in the policy design procaksws for trade-offs in costs and benefits
and assists in qualitative decision-making withpees to alternative development projects.
Due to the fact that coastal habitats and commasdre highly heterogeneous across space,
the development of BPA as a tool for ICZM would efeingreatly from further case studies
in different areas along the EU coast. For exartipgeBPA process is likely to be far more
complex for more densely populated regions andrainedy different format of stakeholder
consultation may be required. Only through furtlbasse studies and expansion of the
methodology on a case by case basis will the patesit BPA as a tool for ICZM be fully

understood.

One particular improvement that future work coutldli@ss is the issue of scaling ecosystem
service by biome size. One way of factoring hetenaity in risk sensitivity (due to biome
size differences) into the BPA methodology would tbestructure area dependent risk
elasticities into the methodology. In this case ¢neater the supply of any biome, i.e. the
larger it is, the less responsive it would be &k rexposure. Diminishing the size of any
biome, or dealing with a biome which is in lessep@y than other biomes, would mean
increasing its responsiveness to any threat inrtbdelling procedure. This adaption of the
methodology would be in keeping with economic tlya@tated to the increasing substitution

price effect of any good as it diminishes in sup@ych an adaption may be justified on the
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basis that if a biome is decreased in size, item@l to absorb negative environmental
impacts is reduced and the costs of damaging tbmdis function (to supply ecosystem
services) is likely to be higher, hence risks aghér. The key to structuring risk elasticity
into the methodology would be to correctly assaciaarious risk sensitivity levels to

particular categories of biome size.

With respect to Chapter 5, a central theme to cemsn weighing up the potential usefulness
of the analytic methodology demonstrated thereithad of anticipating negative ecosystem
outcomes arising from policy changes, and attergpton take regulatory actions to limit
them. Specifically | refer to rather substantiabdem of by-catch in demersal otter trawl
fisheries (indeed many fisheries), and the fadt shéting fishing effort to alternative fishing

sites may alter the degree of by-catch that talesep.

Due to the fact that most by-catch is currentlgédirded’ and only the level of retained catch
in an area is retained, data on the degree of toyyr¢hat arises in various fishing areas is not
recorded. Estimates of such by-catch would allovehange in by-catch’ estimate to be
produced for any given level of quota changes fotous species. While these estimates do
not exist, | strongly contend the importance of eleging them and the usefulness of the
approach demonstrated in the analysis once thay. &€uen in their absence however, expert
opinion from fishery managers and stakeholdersccpubvide some tentative indications of
changes in by-catch patterns following the quotanges given the changes to fishing site
choice presented in this study. This is surelyr@a avhere future work would prove fruitful,
given the improvements in monitoring technologyttimaw exist as well as increased

prominence of the by-catch and discards issuetim ppalicy and public discourse.
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Further research using the fisheries site choicédeaindeveloped in Chapter 5 could also
investigate the impact of designating one or mate choice options as marine protected
areas effectively ruling them out as options in ¢heice set. Such area closure simulations
have already been demonstrated in the literatutewlnwld be of use for regional based
management decisions for Irish fisheries. Ther® agpears to be scope to expand the
analysis by including data from the approximate 8@6sels in the wider Irish trawl fleet
(thereby including pelagic as well as demersal ltragsels) as the VMS programme is now
being expanded upon for Irish fleet. Adding cogtda the analysis would also improve the
fit of the model as would survey information retgtithe attitudes of skippers from each
vessel to each of the sites specified. Includingitbacharacteristics would also improve the
accuracy of the model in reflecting changes tofibleing location choice. Encouragingly,
there are signs that such data will be more aMailaibthe future through the advent of the
Irish National Seabed survey and its continued ldgwveent through the formation of
INFOMAR, a project which is improving current haiidata through use of more advanced
seabed mapping technology. In the event that dosaires become a realistic management
option for demersal fisheries, research investggtine opinions of skippers about which site

closures are least restrictive would be usefubfomtegrated management approach.

6.4. Concluding Remarks and Recommendations

From the three separate empirical studies carmug¢dnahis thesis, a number of insights arose
which permit several key conclusions to be drawsh @amumber of recommendations in to be
made.

Turning first to the empirical analysis in Chap8grone of the results was that precautionary
constraints in the Cod, Haddock and Whiting fisheould indirectly contribute to an over-

capacity in the Hake, Monkfish and Megrim fishenedo displacement of traditional fishing
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effort. One of the ways in which fishery managexstb overcome the problem of over-
capacity is to balance a fleet's harvest levelthvgitock capacity. Where negative multi-
species/multi-fishery impacts of a protective measare predicted, a similar structural
rationalisation may be appropriate in the fishersgfected instead of relying on more
precautionary quotas alone. The recent decommisgjast Irish whitefish fleet is a good
example of this (Cawley et al. 2006). The fisheoytiplio method may be of particular use
when considering any measures (such as decommiisgjdhat can precede the undesirable

displacement of fishing effort following a precaurtary measure.

In a multispecies fisheries management contextPthéramework may also lend itself well
to the task of setting multiple TACs across speclée ability to predict the direction into
which fishing fleet will refocus targeting efforhoe quotas have shifted can help to inform

policy makers about quotas required for other i@hegpecies.

Rights-based measures may be warranted to enset dapacity and harvest rates are
maintained at sustainable levels. Indeed, the rfeeda portfolio approach to fisheries
management to be combined with clearly defined éstimrg/property rights and institutions
has already been stressed by some (Hanna 1998ydxletaal. 2004; 2005). In this analysis,
it is much more likely that fishers would seek @#nt risk-return outcomes if they acted as a

single group maximising the value of the outputhi@ entire fishery.

One issue limiting the usefulness of the portfalpproach is the lack of species specificity in
fishing gears. Where a fishing strategy does nif¢réntiate between two or more species,
optimal fishing may not coincide with the specie®ights resulting from portfolio

optimizations. Increased species specific fishimgirg, which are becoming increasingly
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emphasised given EU policy developments on disdemds, will therefore improve the
usefulness of the portfolio approach and contribateore ecosystem-based and sustainable

fishing practice.

With respect to ICZM in Ireland, the findings oketBPA study in Chapter 4 result in several
recommendations for Ireland, and for the wider E&haWhile the results indicated that local
and strategic principals of ICZM were incoheremtd dhis fact seemingly undermines the
usefulness of BPA in determining optimal managemeetisions through community
consensus, there nevertheless emerged a veryisgeci€tion which the BPA framework
could provide. Specifically, rather than groupirigirsterest groups in the BPA consultations
into one group and seeking to determine consewsastal managers can use the framework
to evaluate the attitudes and beliefs of diffegmoiups to determine the disparities in opinion
about ecosystem services, threats and optimal neamagg. Such a process would inform
coastal managers and policy makers on which typpsowisioning services stakeholders are
protective of, and potentially facilitate their expsion where strategically viable.
Furthermore, BPA would also provide insight intoiethimportant supporting and regulating
services were perhaps underappreciated in the looaimunity, due to a lack of
understanding of environmental processes. Suchfa@écess could then act as a precursor
to local conferences, scientific exhibits and edooaprogrammes which attempted to

increase local understanding of complex ecosystmces arising from local habitat types.

As stressed earlier in the discursive section dpiér 4, it seems clear that in order for EU
coastal management and ICZM to have any real jatisd and become effective in a
practical sense, clearly defined principals whioh @ot contradictory must be developed. It

seems apparent that this will need to take placeuth a prioritisation of the strategic
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principals, in a framework that will accommodatedbobjectives, educate shareholders on
the nature of supporting and regulating serviced, ffectively direct strategic management

goals for the coastal environment.

One idea put forward in Chapter 4 was that BPA @¢aupport a new direction for ICZM
through a red light green light system, in whictagtal managers would base management
decisions on data from local participatory stakdbolgroupsand data from scientific
consultations. Because stakeholder consultatiangkaaly to result in a lower PIS value, any
initiatives benefitting provisioning type servicéisat benefit stakeholders would only be
given the green light once they were validated ating to the PIS values resulting from the
scientific consultations. This would allow projeatdich had the capacity to improve the
quality of local stakeholder livelihoods to go atheance they did not trigger any ‘red lights’

in the more strategic and scientifically foundedABRsults.

The final empirical paper of the thesis in Chaeproduced extensive results about the
impact of quota changes on the fishing locationaof vessels in Irish demersal otter trawl
fisheries. How fishery managers and marine ecd®gisvolved in policy design and
implementation respond to the results depends upeir understanding of the habitat
structures and by-catch levels at each of therdltee sites. To elaborate, if the results
indicate substantial displacement of the demersalltfleet into areas exhibiting a more
coral based bed (as opposed to a less environryeséasitive sandy bottom for example)
further restrictions may need to be placed on kbet fto counteract the negative ecosystem
impacts of such an increase in trawling effort. tRermore, while estimates of by-catch
resulting from demersal otter trawling do not exestpert knowledge about concentrations of

typical by-catch species in the various sites idetlin the study may be of use to fishery
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managers when deciding supportive policies that h&dy minimise any negative ecosystem
impacts of fishermen’s’ behavioural response totguhanges. The point is that once the
predictions are made about fleet displacement aatlocation of fishing effort, how this

information is used must involve the advice of emuists and ecologists as well as the real

world practical working knowledge of fishery manesye

In a more general sense, the results of Chapteeibg spatial in nature, can be of great use
in amalgamating CFP design with that of the MSFC5MMand HBD. A key issue in the
future management of fish stocks in Irish and Easwpwaters, will be understanding the
very impact of the changing policy and regulat@mydscape on the behaviour of fishing fleet,
and in turn, the impact these behavioural changksmpose upon the natural environment.
Beyond the goal of fish stock and fishery sustalitgbwhich the CFP itself sets out,
fisheries policy must also be coherent with othemdins of environmental and marine
policy which have as their underlying goal, goodiemnmental and ecosystem status, such
as the MSFD, the Birds and Habitat Directives, kiae Spatial Planning and several other
important Directives. Thus within the CFP framewakd other relevant directives, the

spatial component to management and stakeholdeityacs critical.
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A. Appendix: EU and Irish coastal population statistics

Coastal regions in Europe are defined accordingh NUTS level ¥ statistical and

geographical system of classification. Under tlyisteam, a coastal region of the EU is one
that either has a coastline, or more than halfsopopulation living less than 50 km from the
sea. Until July 2013, the 27 EU Member States h&gl sich regions, belonging to the 22
Member States which had a coastline (referred tthasEU-22) (Eurostat, 2009roatia

recently became a member of this group makingatBk)-23, but data on Croatian coastal
statistics has not yet been published for inclusioBU coastal statistics. In 2005 European
coastal regions accounted for 43 % of the totalZ2Uarea and population (Eurostat, 2009).
The EU-22 coastal regions are occupied by 199 amilicitizens resulting in an average
population density of 100 inhabitants per km2? coragao 108 over the entirety of EU-22

countries with a sea coast.

A very high population density (over 200 inhabit& is registered in the coastal regions of
Malta, Belgium, Netherlands, United Kingdom, Poglgnd Italy. The highest density is

observed in Malta with more than 1200 inhabitamtiskm?2. The lowest densities are found in
Estonia, Sweden and Finland with less than 40 imduais per km2 (see Figure A.1 for

population density of each MS coastal area). ThettNS8ea basin has by far the highest
population density with on average nearly 250 intaalbs per km2 while the Baltic Sea and
the Outermost regions have only around 30 inhatsitpar km2. Figure A.1 defines coastal

spatial area by sea basin type.

?* The Nomenclature of Territorial Units for Statist{®UTS) was established by Eurostat more than
30 years ago in order to provide a single uniforeakdown of territorial units for the productionrefjional statistics
for the European Union
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Figure A.1: Delimitation of Coastal Zones by Sea Ban
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As well as the NUTS 3 definition of a coastal arfdgnes and Farrelly, (2011) develop two
other definitions. A “Coastal Counties” definitiamcludes any county that has a shoreline of
any length adjacent to an ocean or sea, includshigaees and bays. In Ireland, 15 of the 26
counties in the Republic can be defined using tedinition. The second, definition,
“Shoreline Electoral Districts” (EDs) includes EDsmediately adjacent to the ocean or sea,

including estuaries and bays. There are 3400 EDeland, of which 630 are on the coast.

Work carried out by SEMRU based on 2011 data estichthat NUTS 3 coastal areas in
Ireland, the coastal counties and the shorelinesEdatount for 94%, 78% and 27% of the

national population respectively (SEMRU, 2014). Hupulation density in coastal regions
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of Ireland is 69 inhabitants per square km at tbeNEJTS 3 coastal area, 76 inhabitants per
square km at the coastal county level and 94 inhiatsi per square km at the shoreline ED
level. The value of the coastal county economy2@il is estimated to be approximately
€130.8 billion (84% of total GDP in Ireland) whitke shoreline ED economy value is
estimated to be approximately €44 billion. Tablé and 2.2 show further socioeconomic

data for different spatial definitions of coastedas.
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Table A.1: Socioeconomic statistics for Irish coaat EDs

Shoreline | Shoreline | Shore National
ED ED line Level
Rural Urban Average

Male Unemployment Rate (%) 22.47 23.47 19.90 21.71
Females Unemployment Rate (%) 14.28 14.44 13.89 8613.
Male Unemployment Rate (% change 2006
2011) 119.12 125.37 103.51 130.00
Females Unemployment Rate (% change 200p to
2011) 200.12 225.95 133.79 266.67
% Primary Education Only 114.75 121.72 97.35 125.95
% 3rd Level Education 18.73 20.84 13.31 18.84
% Higher & Lower Professionals 29.77 26.22 38.87 25.88
Semi and unskilled Manual Workers 17.94 19.07 15.04 | 18.26
Population Change (% change 2006 to 2011) | 6.29 6.99 4.49 7.79
Age Depending Ratio 35.05 36.13 32.28 34.94
Lone Parent Ratio 17.73 15.47 23.52 16.28
Affluence index score -0.59 -2.21 3.57 -1.46
Affluence index score (% change 2006 to 2011)| 0.75 0.45 1.54 -0.11
Number of Eds 638 459 179 3406

Table A.2: Socioeconomic statistics for Irish coaat EDs, coastal counties and EU

NUTS 3 level
Shoreline Coastal EU
ED County Coastal
Male Unemployment Rate (%) 22.47 23.41 22.76
Females Unemployment Rate (%) 14.28 15.43 15.17
Male Unemployment Rate (% change 2006 to 2011} 119.12 91.98 92.93
Females Unemployment Rate (% change 2006 to 20109.12 155.38 163.23
% Primary Education Only 114.75 86.88 87.86
% 3rd Level Education 18.73 16.18 16.30
% Higher & Lower Professionals 29.77 30.08 29.33
Semi and unskilled Manual Workers 17.94 18.03 17.97
Population Change (% change 2006 to 2011) 6.29 7.12 8.07
Age Depending Ratio 35.05 33.27 33.50
Lone Parent Ratio 17.73 22.40 20.74
Affluence index score -0.59 -0.40 -0.36
Affluence index score (% change 2006 to 2011) 0.75 0.46 0.23
638 out ofl 14 out of
Regional units defined as coastal 3406 26 7 out of 8
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B. Appendix: Survey used in Stakeholder and Scientifi€onsultations

The first part of the survey questionnaire is coned with the ‘return’ that the selected biomesvfate society in the form of various ecosystem

services.

Table B.1: Biome returns survey

Biome

Service Type
(Indicate a value between 0-3) Agricultural land

=negligible ecosystem service provided Water bodies with areas of
3=extensive to complete ecosystem Sea and Shallow | Salt Saltwater | (inc. fresh lochs | Sand Coastal Coniferous | natural Peat Other
service provided ocean water marsh | Lagoons and rivers) Beaches | Islands forest vegetation bogs 1
Agriculture
Fishing

Aquaculture

Intertidal Gathering
Sand/gravel/rock/peat extraction
Conservation interest

Recreation and tourism

Cultural/educational

Flood protection /coastal defence
Nutrient/waste absorption

Re. Energy generation

Angling and shooting

Landtake (carparks/range/causeways)
Other 1

Other 2

Other 3
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The second part of the survey questionnaire isemed with the risks that threaten the sustairtsimh the selected biomes and in particular,

threaten the functioning of each biome with respesipecific ecosystem services:

Table B.2: Biome risk survey

Biome
Risk/threat Type
(Indicate a value between 0-3) Agricultural land
O=threat factor has no impact Water bodies with areas of
3=threat could destroy the biome Sea and Shallow | Salt Saltwater | (inc. fresh lochs | Sand Coastal Coniferous | natural Peat Other
function ocean water marsh | Lagoons and rivers) Beaches | Islands forest vegetation bogs 1

Climate Change

Erosion

Flooding (inc. Sea level rise)
Saline intrusion

Tourism and recreation impact

New causeways and other
infrastructure

Agricultural change

Pollution inc. oil spills

Invasive species

Marine and terrestrial litter/dumping

Overgathering of shellfish/overfishing

Exhaustion through traditional usage

Other 1 (Over-regulation)

Other 2 (Salt damage)

Other 3
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C. Appendix: Definition of Coastal Biomes

1. Coastal Water: The zone of maximum interaction between humans aritkcal
biological resources; the intertidal zone to fowatens below Mean Low Water.
2. Sand open beachA beach is a geological landform along the shoeetihan ocean, sea,
lake or river. It usually consists of loose padgivhich are often composed of rock, such
as sand, gravel, shingle, pebbles or cobblestones.particles of which the beach is
composed can sometimes instead primarily be ofobiochl origins, such as whole or
fragmentary mollusc shells or fragments of corallialgae. In this study it also
encompasses
2.1.Sand inlet:A recess, such as a bay or cove made up of sady Hie coast)
2.2.Shingles: A beach which is armoured with pebbles or small-nedium-sized
cobbles. Typically, the stone composition may grddem characteristic sizes
ranging from two to 200 mm

2.3.Rock PlatformThe ancient, stable, interior layer of a contineataton composed of
igneous or metamorphic rocks covered by a thinrlafesedimentary rock. Rock
platforms are flat, expansive eroded regions tieaatl the base of rocky headlands.
They are important habitats, as they contain a lvagety of plants and animals that
cope with unigue physical stresses of waves, fatotg weather conditions and two
complete tide cycles per day. Rock platforms aeerttost accessible of all marine
habitats and an important resource for recreatnuhealucation

2.4.Sand Dunesa ridge of sand created by the wind; found in des& near lakes and
oceans

3. Coastal/Saltwater Lagoons:Natural saline lagoons are areas of typically (hot

exclusively) shallow coastal saline water, whollypartially separated from the sea by
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sandbanks, shingle rock or other barrier such ad kabstrata. They retain some sea
water at low tide and vary in salinity from slighsaltier than fresh water (brackish) to
saltier than sea water (hyper-saline). Sea watehnange can occur through a natural or
artificial channel or by percolation either through over the barrier. More diffuse
freshwater inputs (e.g. percolation, groundwatepage) can affect the lagoon’s salinity.
Lagoons that are highly modified or are of artdicorigin, such as those that occur
behind a seawall, can still provide a similar hatbto that of natural lagoons, with a
comparable range of specialised species.

. Water Bodies: Natural or artificial stretches of water includingers.

. Coastal Islands: Any substantial land masses on the coast of lakitneach coast
captured by the boundaries of the study site

. Coniferous Forest: Vegetation formation composed principally of tre@sjuding shrub
and bush understories, where coniferous speciedomieate. Also included the
categories:

. Agricultural land: Areas principally occupied by agriculture, inteesged with

significant natural areas. Also included the catggo

7.1. Pastures Dense, predominantly graminoid grass cover, ofafl composition, not
under a rotation system. Mainly used for grazingf, the fodder may be harvested
mechanically. Includes areas with hedges (bocage).

. Peat Bogs:Peatland consisting mainly of decomposed mossvagdtable matter. May

or may not be exploited.
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