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Abstract

Development of a scenarivased approach for responding to change in fishery systems:
acasestudyinthesmall OF £ S FAAKSNASa 2F {2dziK ! FNX

Smallscale fishers and the communitisey support face a range of challenges brought on by change in their
mavrinesocialecological system(&ES The resulting complexity and uncertaifitgmpertheir ability to achieve
sustainability wh# holdingimplications for decisiomaking at variouscales fishersneedto respondproactively
to changeat smaller scales of operatiomhile managersneedto apply the principles oécosystertased

management approaches sucheasecosystem approach to fisheries management @Adrper scales

Usiigthesmali OF £ S FTAAKAY 3 O2YYdzyAlGASa 2F {2dziK ! TNAOI Q&
structured decisiormaking tools (specifically causal mapping, Bayesian belief networks and scenario planning) can
be applied in an interactivand iterative scenaribased approach with disenfranchised fishiersupport of
decisioamaking at multiple scalesSpecifically, this thesimsto (1) determine and describe majgtressorsn

the fishery system of the southern Cape using the perspacfrom the crew component of its linefishery; (2)
establish what interactions and feedback loops (drivers of change) exist and interact at various scales; (3) use
Bayesiamelief network modelling in an iterative participatory process to establishritreipent drivers of change

within the fishery system (from the crew perspective); (4) develop, together with fishers, four stories of what the
future may hold for one of the towns using an iterative participatory scenario planning exercise, based oh some o
the principles of transformative scenario planning approaches; (5) evaluate the contextual suitability of the
application of the various tools used throughout the research process and recommend next steps in a larger
scenario planning process; and (€eate an opportunity for fishers to engage in a process that could enhance their
understanding of possible change response strategies through learning, thereby increasing adaptive capacity in the

support of the implementation of an E&FSouth Africa

As astart, drivers of changerere established and documented, complementing earlier resedrials was done

G2 SyadNB GKIFdG | ff dza SN I NP dzLIsidwitginddivers of Badge iné LINS a S
fishery system In the causahapping process, stakeholders from towns across the research area mapped out

drivers of change in an iterative process. The causal maps not only helped to frame the system but also revealed
important hidden drivers of changeeell asfeedback loops The Bayesiarbelief network and scenario story
development took place in the town of Melkhoutfontein. Bayesian belief networks provided insights into system
uncertainty while serving as a problem reframing tool. The outputs of both the causal maps aalBate/orks

were then used to construfbur scenario storiegepicting possible futures in 30 yedrased on inputs obtained

from research participants in a visioning workshop. These scenarios not only provided examplesitidé p



Vi

futures under cedin conditions bulsopromoted new ways of thinking about the drivers of charage their

likely effects, highlightintipe interconnectedness in the system.

Implementing the overarching approabhsprovided marginalisefishers with an opportunity téreely air their

views while engaging witlewtools. The process does not only benefit fishers and their communities (at the small
scale) but also provide valuables insights into how fishers view and experience the marine SES of the southern
Cape. Moreeer, the approactmasidentified ways in which challenges presented by scale in SES can be better
addressed to ensure more effective deciginaking in the pursuit of sustainability. This understanding and insight
areintegral for moving closer to the irgmentation of the EAF in South Africa, where the integration of the social
dimensions of marine sockitological systems into coherent evaluation and planning continues to be

problematic.
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Chapter One
Introduction

1.1. Systems thinking and the need for scenabased approaches

For millions of people, particularly in developing countries, fisheries remain an essential food and livelihood source
(Garcia et al., 2003)yet coastal communities, specifically those who rely on fistemgeiscreasingly exposed to

a wide variety of social, economic, political and biophysical streéfsry et al., 2007; Brierley & Kingsf@&ao9;
HoeghGuldberg & Bruno, 20L0)Anthropogenic climate change and the esgploitation of marine species in

marine ecosystems place additional pressure on fish@regner & Dayton, 2000; Jackson et al., 2001; Scheffer et

al., 2005; Halpern et al., 2008; Hodgghldberg & Bruno, 2010; Poloczanska et al., 2088¢h changes result in

coastal communities, fishing sectors and mamnsstruggling with the ramifications, amqmbtential opportunities

2F OKIy3aS gKAOK KI @S &aA3IyATA Odeyved ivalinoads. Ot a 2y FAAKSN

Added to these challenges, fishery dynamics span multiple scales which include teipgitabdrsd governance
dimensions and involve multiple actdesg. Berkes, 2003; Garcia & Cochrane, 2005; Jentoft & Chuenpagdee, 2013;
Link et al., 2017; Jarre et &018) Given this complexity, and the challenges brought about by environmental
change, it makes sense to approach fisheries as part of a complex marinecsogital system (SEE)Q.

Ostrom, 2009) In governing these SES, the Ecosystem Approach to Fisheries Management (EAF) recognises the
complexity in marine SES and is widely adopted for fisheries management. EAF aims for the holistic, sustainable
management of apture fisheries to promote healthy marine ecosystems together with sustainable fishery

derived livelihood$FAO, 2003; Garcia et al., 2003)

Managenent frameworks such as the EAF actively promote sydfginkéng, bottomup management
approaches and stakeholder participation. By implication, the implementation of the EAF as a management
strategy should involve decisionaking in different contextsybdiverse stakeholders at various decisiaaking

scales. Decisiemaking in the context of an SES is complicated with traditional, linear processes proving to be
inadequate in addressing fisheries under complexity and uncertg@rgy Berkes, 2003)The implication of
implementing such system approaches result in a need to firstly, develop system understanding at various scales
and secondly, develop and implement methods that include multiple stakeholders while todidingltiple,

conflicting objectivege.g. Jae et al., 2018)

South Africa officially adopted EAF at the World Summit on Sustainable Development(W/3S&L2, 2002)in
contrast to management approaches advocated by an EAF, fisheries management decisions in South Africa have
typicallybeen implemented in a tedown fashion with little to no mechanisms ftomprehensivestakeholder

input or capacity bilding at the finer scales of operation. However, the SgaleFsheriesFolicy (No 474 of



2012) (SSFP), currently being implemented in South Africa, is strongly underpinned by the principleBhig EAF.
requires capacity buildingith marginalisedmaltscale fishers who have little to no exposure to more structured
decision making or formal management processes, but also the establishment of practical methods and
mechanisms that can aid the facilitation of mettikeholder processes. Importantlye approach presented in

this thesis contributes to hosuchinclusivecomanagement processcan be facilitated through a methodology

that seeks to bring together diverse stakeholdersp havediverse and often conflicting gogis a structured

decison-making making context.

Given this complexity, the question that arises is: are there inclusive methods that can be applied at the smallest
scales of operation of a fishemyhichcan at the same time also inform largale decisiomaking to promote
management approaches such as an ElF&ddressing this central question, it becomes clear that traditional
approaches used in fisheries management and research must be reframedvanmdethods and approaches
explored. Such approaches strive to cross disciplinary lines, perceptions, forms of knowledge gBe:gobiels

& McCay, 2007; Garcia & Charles, 2007, 2008; Ommer & Team, 26Qi)s end several authors advocate for

the use of scenariplanning approaches in marine SES to address challenges with the effectsefrioagstem

change, uncertainty and complexis.g. Jarre et al., 2013; Maury &t 2017) Such approaches, using system
thinking, present the opportunity to address challenges simultaneously at different scales of intefagiion
Berkes, 2006; Cash et al., 200¢addressing thneed of the individual and/or household and informing policy
processes such as the EAF at the same time. Figure 1.1a depicts the traditional, more linear and hierarchical,
fisheries management approach used in South Afribéle Figure 1.1b shows thgstembased approach to
management which forms the framework within which this thesis is situated. Importantly, Figure 1.1b shows how

the variougelevantpolicy frameworks can be viewed as nested within a system context.
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“Traditional Approach” currently implemented in System-based approaches rooted in marine social-
South African fisheries management ecological systems thinking

Figure 1.1. Traditional fistrees management approached vs systdmased approaches. (a) shows how
traditional management approaches are currently implemented in South African fisheries, (b) shows the
systembased approach as applied in this thesis

This research aims to addressnplexity and uncertainty together with policy objectives and goals in fisheries at

various scales, sound decisimakingg both tactically and strategicalyis needed. To this end, the research

presented in this thesis uses systetimaking to implemeat a prototype scenario planning approach developed
withsmaka O £ S FTAAKSNA ¢K2 2 LIS Nlnéfihenh After siializhifig the dived @ Q& &
changd TN2Y G(GKS FAAKSNAQ L{Gamnags Quls, @anvmagdzit faly, 20atg)dz- € A G |
guantitative survey methods, structured decisimaking tools (SDMTS) contribute to a momigtic system

description, thereby adding to the knowledge base on drivers on change. Through the SDMT development,
scenarios are beirgeneratedn an interactive and iterative process. The overall approach provides a framework

which can be expanded foclude more diverse stakeholders from various decisiaking scales. While the

approach aims to strengthen EAF implementation in South Afriliguits for the reframing of common and

pervasive challenges in fisheries at the small scale for the obsgauticipants.

NAGSNI 2F OKFy3IS5Q FNB dzaSR asy2yavateeat s (KN dz
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1.2. Global policy frameworks for sustainable fisheries management in sis@dle
fisheries

Adopting SES perspectigsot only integral to ecosysteilmased managemeiaipproacheshut it alsooffersthe
opportunity to integrate naturahnd humarsocial system componentsr movingtowards more sustainable
futures. At the global scale, the need for sustainable futures and oegarfsghlightecby the adoption of
management approaches such as the EAF andmatitthal policy frameworksuch as Agenda 2080N, 2015a)

The 2030 Agenda for Sustainable Development recognises the need for systems thinking in addressing modern
societal problems. The framework pursuesdbal of achieving a just and sustainable world where the fulfilment

of human potential contributes to shared prosperity. Recognising the need to advance towards goals on several
dimensions, Agenda 2030 aims for the end to poverty, hunger and malnutitinstriving for universal access

to health care and the eradication of exclusion and inequélity, 2015a; CEB, 2017)

For fisheries governance, policy, investment, capacity development, stakeholder participation and collaboration
are all relevant to Agenda 2030. This includes the Sustainable Development Goals (SD@s)ithgether

related national and international policy procesfeaO, 2018)The importance of fisherigs demonstrated by
W{5@[ MAS 0 S¢whigh hasla dtrEnEnnection to fisheri@he SDGs affirm the commitment of
placing equality and nediscrimination at the centre of Agenda 2030. By implication, achieving the main goals of
Agenda 2030 for all fisherfolk and communities is a requirement (FAO, 2018). It has been recogniserdlfor se
years that sustainable development presents a challenge for all countries and necessitates collaboration across

sectors, disciplines, international cooperation and mutual accountaBil, 2016a)

The Food and AgricueONB | YA &l GA2y 2F (GKS ! YyAUSR blFiA2ya 6C! ho
facilitate integrative and innovative approaches for global fisheries management. The Code of Conduct for
Responsible Fisheries (CQRAD, 1995k framework for the implementation of the principles of sustainable
development in fisheries, is seen to be increasing in relevance as fish consumption around the world increases
(FAO, 2018) The fous of fisheries governance and development has broadened from earlier approaches to
include the conservation of resources and the environment while increasingly recognising social agency, well
being, and livelihoods of people working in fishing sectoesceDped as a compliment to the CCRF, the small

scale fishery (SSF) guidelife8O, 2015)rovide a policy framework for the attainment of sustainability of SSF
Although not legally bindingnstruments such as the SSF guidelines serve to provide the required context and
framework for achieving the SDGs. With a greater emphasis on the role that fisheries play as sources of livelihoods,
as places where culturalalues are expressed and as a buffer for shocks for poor communities; further
development of the understanding of SSFs is required to support the commitments to SSF development and,

ultimately, progress towards implementing Agenda 2030 and the §BX&} 2015, 2018)importantly, the



recognition and emphasis placed on the social (huidiamnsion iimarine sociakcological sysins areeflected

in an ecosystem approach to fisheries management (EAF).

1.3. Theecosystemapproach tofisheries management

The ecosystem approach to fisheries management (EAF) is promoted as the preferred managementtapproach
capture fisheries. THeAF developed with the explicit recognition of a need to advance frameworks for planning,
development, and management of sustainable fisheiiea broader framework which aims for the inclusive and
sustainable management of fisheries. The EAF alsoirats for the impacts that other sectors have on fisheries

and the impacts that fisheries have on ecosystdf&0O, 203). Built on the principles of Sustainable
55@St2LISyis GKS 9! C GauNA@Sa (2 olflyOS RAOGSNES a
uncertainties of biotic, abiotic and human components of ecosystems and other interactions and applying
AYGSINIGSR | LILIN2 I OK (2 FAa&KSNE&daetdlA0as:a)d spsoicaly 2 I3 A O f
emphasissstakeholder engagement in managem@nO, 2003; Garcia et al., 2003; Wilson, 2006)

Although only formally recognised as a fisheries management goal by the Reykjavik Conference on Responsible
Fisheries Manageent in the Marine Ecosystem in 2001, many international agreements over the past three
decades have incorporated aspects of an EAF. In the wake of the Reykjavik conference, 45 countries pledged to
incorporate EAF principles into fisheries management.cdhmemitment to the EAwas restatedvith the 2002

World Summit on Sustainable Development (WSSD) in Johannesburg. Here, signatory countries committed to
GRSOStE 2L YR FILOAtAGI OGS GKS dzaS 2F RA S off LILINZ | C
destructive fishing practices, the establishment of marine protected areas consistent with international law and
oFaASR 2y &aO0OASYUATAO AYyTF2NXYI (A FWSSD, 200208h@MR3, iedFADNS LINS & ¢
LJdzoft AAKSR WDdzZA RSt AySa F2NJ GKS AYLX SVYnbogssdryiguidange 2 ¥ G K
in support of EAF implementatigfAO, 2003) The FAO has recommended steps for the implertientand

development of an EAF management plBAO, 2003; Garcia & Cochrane, 2@0) signatory countries are

required to incorporate these principles into policy goals in support of implementation. If the EAF does not
translate effectively from policy to management spaces, litteihood of achieving sustainable fisheries will

reduce.

Yet the successful implementation of EB&the global scaleas been challenging. Moving towards more inclusive
approaches such as the EAF requires multiple stakeholders, disciplines andesttfetisee fisheries as SES
(Cochrane & Garcia, 2009; BerkeslZ200mmer et al., 2012) Management structures that match scales,
complexity, and interdependencies of S&® thus requiredOmmer et al., 2012)Athoughfisheries managers
have grappled with the complexities of an EAF while trying to findtiefleways to identify and prioritise

management objectives often in conflict with each ot(lRaterson & Petersen, 201@ndings et al., 2014)



However, current approaches for implementing an EAF tend to be used in a way that expands traditional
management paradigms rather than changing them. For Berkes (2012), this evolutionary approach to
implementing EAF is inadeqgeah dealing effectively with the multiplicity of issues and complexities associated

with fisheriesthereby suggesting a more revolutionary approach is required.

In South Africa, the Marine Living Resources Act No 18 of 1998 (MLRA) espouses thef@mEgjfalthough
significant gaps and weaknesses exiiénAct Although progress has been made in describing the ecological
context of the SES, it has proven to be more difficult and complex to integrate social components of the linked SES
(Shannon et al., 2010; Sowman et al., 20BtYhe same time, there are differences in the knowledge base across
fishing sectors in South Africa. Specifically, while some progrelsedramaddowards the implementation of

L'y 91 C A YiargerknBustisetifistieNss, dre sound and comprehensive policy and legal frameworks
are required for londerm fisheries governance in South Africa specifically small scale figardsane et al.,

2015)

Implementing an EAF successfully requires changes in how systems are perceived and governed by all
stakeholders. In addition to tactical, narrd@cussedmanagement approaches currently favoured in South
African fisheries management, more strategic and bisde approaches are requiréshannon et al., 2010)

Such approaches demand new ways of thinking, interdisciplinarity and collaboration. For practical implementation
(Figure 1.1)siakeholder buyin and participation is require(Bhannon et al., 2010)Ultimately, not only does
information (knowledge) need to be synthesised into logical frameworks that are transparent, defensible and
repeatable, there is also a need to balance multiple knowledge sources while egplishts and uncertainties

(Jarre et al., 2008)

Although the MLRA already partly captured the principles of this approach, South Africa nonetheless embarked on
an incremental and proactive approach where the EAF is considered as complemeniadtitoal target
resourcesoriented management (TROM) approaches. TROM approaches aim to integrate ecosystem
considerationsnto decisioamaking as opposed to overhauling the management sy§&frannon et al., 2010;
McGregor, 2015) The managaent of human activities using systeimased approaches in southern African

oceans has been ongoing, with programmes such as the Benguela Ecology Programme (BEP), the Benguela
Current Large Marine Ecosystem Programme (BCLME) and other southern Bengysterasmitiatives

actively contributing to our knowledge of the ecology of this SES. Recently, building up the knowledge base of the
humandimensions of the SES has started receiving atte(@ignPaterson et al., 2010; Sowman et al., 20ai3)

fisheries managers continue to struggle with the challenge of how to effectiaddyice mitiple objectives under

anEARCochrane et al., 2009; Augustyn et al., 2014)



South Africa has made some progress towards dnlgiéhe implementation of an EAHts ocearenvironmens.
Noteworthy is the agreement on sets of comprehensive management objectives for a number of fisheries
(Shannon et al., 2006; Nel et al., 20P&tersen et al., 201@)rough ecological risk assessments (ERAS), the further
development of the ERA methodology (to measure progress towards achieving the objeistasotable in

terms of indicators and a knowledgeased too(Paterson & Petersen, 2018patial approachdSink et al., 2011)

and a methodology to forecast the likely effe€different management strategies in systems conté&ts&innon

et al., 2010; Smith et al., 2011; Watermeyer et al., 2016; Weller et al., 2016; Cooper & Jarre, 2017a;b; Ortega
Cisneros et g12018)

Although progress has been made in the human dimeseian EAPaterson et al., 2010; Duggan, 2012, 2018)
challenges with incorporating the human dimensions into governance approaches and management decisions
remain. Most notable is the progress with the implementation of the SSFP. South African research into the human
dimension of the marine SES oftplacesthe focus on fishing communities, focussing (amongst others) on
research into the human and politietonomic dimensions of sustainable fishing, specificaymialiscale
fisheries (SSE.g. Isaacs, 2012, 201Recent researdhcludesassessments on the so&oological vulnerability

and development of adaptation strategies to climate change in the Benguela Current Large Marine Ecosystem
(BCLNE)(e.g. Sowman & Cardoso, 2010; Sowman & Raemaekers, a@kcological indicators for SSF and
drivers and poverty in fishing communitigsg. Hara, 2014nd governance approachesrelation to highvalue

species such as abalone and lobéeg. Raemaekers, 2008 ve also been examine&unde & Isaacs (2008)

report on marine protected areas and their impact on communities vimitderson (2011); Rogerson (2011) and
Duggan (2012pcus on relational ontologies within the handline and inshore fishedegion (2014yronducted
extensive research into marine resource law enforcement in the Western Cape. Most of this research has taken
LX I OS 2y {2dzZiK ! T NJaddcentdh thesvBra iroductiyersouttetn dsnguel:Opvieling

ecosystem.

Nevertheless, the human dimensions of the southern Capedimé inshore fisheries remain mostly under
researched. Researching the context of the southern Cape is vital asdisteatin the area has a distinct species
structure to that found in the more productive western and southwestern Cape (Blamey et al., 2015). The distinct
species structure result inliaefisherywith distinctive characteristics and contexts which iseuty undergoing

substantial change (e.g. Duggan, 2018) and likely requires new governance and management approaches.

1.4. Developing contexts: an added layer of complexity

Complexity and uncertainty in marine SES hamper effective management of huiviaessand pose a risk to
resource users operating at various scales. Risks forsaaallfishers are often the greatest as these are the

fishers with thelowest (specifically) financial capital. The subjection of these communities of fishers to an



increasingly wide variety of social, economic, political and biophysical stressors and ch&g@® h Q. NA Sy
Leichenko, 200Qylarshall et al., 2010; Perry et al., 2010; Zou & Wei, 2010; Cinner et al., 2012; Bennett et al.,
2016a) leave fishers and management authorities to contend with risks linked to the stressors/changes.
Furthermore, much research to date has placed tiwei$ on single scales, with single stressors, but fishers are
subjected to multiple stressors at multiple scale®t Q. NA Sy 3 [ SA O K&SryDH;Ieichenko& T h Y Y!
hQ. NASYS wnnyT .dzyOS Si I &3 withthe cefacitptd raspohdioSiange nmp T
brought about by stressors affected by actions at multiple s¢aldger & Vincent, 2005; Cinner ef 2009

Challenges faced by developing countries add a layer of complexity to the management of SESmBldnigion

at policy and implementation scales need to address a developmental context, in that social and economic
conditions should be priorisl and advanced. Without a careful balancing act, the sustainableeiong

management of fisheries in heavily exploited marine ecosysteneglected Added to global agreements,ch

as Agenda 203WN, 2015aand the Paris agreeme(iN, 2015QNB IA 2y € L YR Yyl GA 2yl LI
agenda2068AU,2016) YR { 2dzi K ! FNX Ol Qa b INBQ 204jddds préssi@éhpdlicky Sy (it
makers to craft and implement balancing policiésthe same time, challenges faced by the establishment of a
democratic developmental stat&digheji, 2010)ogether with managing risks presented by global phenomena

such as climate change, must be addressed. Al this considered, d@eiking at various scales marine Sk c

be extremely difficult for resource users and managers alike, umdgrthe need to reevaluate the tools and

approaches used to make decisions within the various degisiiing scales.

1.5. South African (smalscale) fisheries

A A s 4 oA o~
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for the regulation of fisheries by regulating the use of marine resources through a rights allocation system. The
objectives and principled the Act relate closely to those of an EAF. This includes the need to view ecosystem
conservation holistically; the sustainable conservation of marine resources; preserving marine biodiversity; the
application of the precautionary principles; and the dde balancesustainabilitywith developmental goals
including economic growth, human resource developments, capacity building and job de&#ri998; DEAT,
2004, 2005) SSkas not providedor in the initial postApartheid policy framework (MLRA), and the continued
failure to acknowledge and catiar traditional smalscale fishers resulted in mass and legal abing launched

by civil society groug&unde, 2004, Isaacs, 2006)espite the numerous contributions made by this sector, the

role played by smadicale fishers in contributing to food security, povaltgviation and rural development were
severely neglecte(Gowman et al., 2014)Subsequently, the gazetting of the sreallle fisheries policy (Act No

474 of 2012) (SSFP) has taken place, and the MLRA amended ac¢B8igi)14)



In South Africa, fireries provide food security and a livelihood contribution to an estimated 30,000 people
(Sowman, 2011; Sowman et al., 20I#)e Marine Resources Antnent (Act No 58Yof 2014 has clarified the
definionofsmali OF £ S FTAAKSNA | YR RSTA Y Scadfidzidgconfruriyfedghgad | a4  da
in fishing to meet food and basic livelihood needs, or directly involved in processing ormgarkésin, who (a)

traditionally operate in neashore fishing grounds; (b) predominantly employ traditional low technology or passive

fishing gear; (c) undertake single day fishing trips; and (d) is engaged in consumption, barter or sale of fish or
otherwise involved in commercial activity, all within the sreedile fisheries sectRSA, 2014:2Rights allocation

in the linefish sector with which the research @®ncernedis carried out byhe Department of Forestry and

Fisheries (DAFF) by a total applied effort, which limits the number of fishing(b&a#3', 2005; Sowman et al.,

2014)

Under current implementation across South Afiibe,SSFP provides a framework for the management ofsmall
scale fisheries while specifically addressing sustainable development, empowerment, and inequality. The SSFP is
a peoplecentred approach to management and recognises the critical role playedringm@sources in poverty
alleviation(Sowman et al., 2014)Importantly, the SSFPas a newer policy better in line with modern best
practices more explicitly deals with the EAEochrane et al., 20155pecifically, it outlines that marine resources
harvested and utilised within the context of the SSFP will be done in accordance with the principles of an EAF, that
the integrity of AF and the implementation of the SSFP cannot compromise sustainability (and the need to
balance human rights whilst ensuring the sustainability of resoz&sF, 2012)The policy also calls for the
implementation of more direct ecmanagement approaches where fisherl \ave an opportunity to more

directly interact with government in the development, implementation and evaluation of policy and management
plans(DAFF, 2012)For fishers, this requires the establishment of a locahaoagement structurethat will

manage local fisheries together with government while maintaining links with the national management of other
fishing sectors. Local -oaanagement structures will be nested within a midied institutional system
comprising a Consultative Advigdiorum at national level, a dedicated sreadlle fisheries management working

group at DAFF and-coanagement committees and communiigised legal entities at the local le@AFF, 2012;
Sowman et al., 2014)

Importantly, the approach presented in this thesis contributes to how thim@eagement cess carbe

facilitated through a methodology that seeks to bring together diverse stakeholders, with diverse and often
conflicting goalsin a structureddecisioamaking making context. Due to the nature of the fishing activities
undertaken, the impa& 2 F OKIl y3Sa Ay {KS 2nulreNd fslgrie afagemgitR G K S

2 In light of marine SES complexifisheries governance (and ecosystont 3 SR TAAKSNA Sa YIylE 3sySyido ra 02ya
LINE 6 (B&RE£ 2012). Wicked problems display the tendency to have no right or wrong answer, no technical solution, littkerity no ¢
on when exactly thg were solved or if they are even solvable (Rittel & Webber, 1973; Jentoft & Chuenpagdee, 2009).
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challenges, the smattale fishing sectoag well as thesmaliscalecommercialine fishing sector) is particularly
vulnerable to change. The same is also true for fishtiré operate in the south coatibsystenof the southern

Benguela, where the research area for this study is situated.

1.6 Managing fisheries under change and uncertainty in the southern Benguela: the need
for scenario approaches

The Benguela Currentriga Marine Ecosystem (BCLME), an eastern boundary current system dominated by
coastal upwelling, is a highly productive region that sustains important fisheries for Angola, Namibia and South
Africa(e.g. BCC, 2013Jhe BCLME, consisting of four gabo)systems, has been shown to exhibit variability at
several temporal scales and is undergoing warming at its ¢Bgesult et al., 2010; Dufois & Rouault, 2012;
Blamey et al., 2015; Jarre et al., 20D8qrious natural and anthropogenic drivers are responsible for the observed
spatial and temporal changes in the southern Beng(ilamey et al., 2015) with the various scales at which
change is taking place making it difficult to tease out exact drivers and intergdfiotagey et al., 2013) The
observation of longerm trends in ocean temperature is complicated by decadalevariability in the coastal and

shelf waters of the Southern Benguélarre et al., 2015)While a general warming trend of batishore and
offshore ocean temperaturis expectecn the Agulhas bank, different datasets have shown conflicting trends
regarding cooling and warming of sea surface temperatureBserey et al., 2012, 2015; Lamont et al., 2017)

is important to note that there is much less agreement between the signals of different datasets for the southern
coast of importance to the (hand)line fsfes in focus of thistudythan for the west coast. These discrepancies

are the focus of ongoing resear@arre et al., 2015; Ward, 28),

Research on the South African west coast shows that desealalchanges are indicative of regime shiftthe

southern Benguela inshore regi@lamey et al., 2012)While stressors do display decestale variability, the

effects of climate change seem inevitable and add to the complexity of the marine SES which fisheries form part
of. Thisdoes not only pose challenges for fishery resources but the people and communities who depend on them
both in thewestcoast subsystem (Jarre et al., 2013) and in the south @astmage et al., 2017a,bror the

South Africartinefishery with the overexploitation of almost all warm/temperatépttom-dwelling and subtidal
linefishdocumented, the risk of commercial extinction for some species is a reality. Thixpledtation has an

effect and negative impact on productivity (with associated social and economic impacts), trophic flow, and
biodiversity of the ecosystem (Griffiths, 2000). For the inshore Agulhas Bank, Currie (2017) demonstrated a drastic

change in species composition (further discussed in Chapter Five).

3WwS3IAYS AKATFGA NBFSNI (12 4adRRSY AGNRYy3 RSOAFGAZY TFTNR Yedsed Tl ANI & 2
are affected, and tatime¥ NI YS F2NJ 1 KS OKIl y3IS@Udaireet@. POMMNI A a NBf | GABSt & aK2NIé
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There is, however, much uncertainty linked to these expected changes. This uncertainty, exacerbated by uncertain
rates of change in natural systems, make it difficult to manage behaviour within the context of the marine SES.
Uncertainties in SES are geally difficult to quantify as some key drivers are unpredictable and the change in
many cases is nonlinear and complex; human response actions to forecasts tend to be reflexive, and the system
may change faster than the forecasting models can be recetiyparticularly inturbulent periods of transition

(Walker et al.2002) Traditional forecasting approaches will likely not overcome the limitations posed by variance
uncertainty in modelsthereby hampering decisions towards mitigation and adaptaf@uay, 2010) These
challenges do not only present a problem for managers and policymakers, but also for fishers whose livelihoods
are influenced by the changing contexts of the system togetlitarmanagement decisions which have in the

past had unexpected negative consequences. In the southern Benguela, an ecosystem regime shift coincided with
the rollout of individual rights in the early 2000s. In their analysis, Jarre et al. (2013) empi@ainplification

of hardships to communities at the west coast resulting from the unpredictable spatial change in important

fisheries resources.

Recent research into responses to change in the SES in the southetiméfiaheryby Gammage (2015) and
Gammage et al. (2017b) identify varying levels of adaptive capacity in these folddleincomecommunities.

The strategies implemented by fishers, classified as coping, reacting or adapting, are dependent on both social and
financial capital. Importaly, the research found that although some groups of fishers were makingglong
adaptive changes, these shdu long term adaptations took place within the context of the fishery. Within the
context of increasing uncertainty within the SES, thd@rstadvocate for fishers to implement scendoased

approaches to aid loAgrm decisioamaking for these fishers.

To circumvent the limitations of forecasts, scenario planning approaches to future change are a favoured approach
to build adaptive capity for resources usef®EA, 2013; IPCC, 2014, IPBES,.28t6paridbased approaches
(discussed in detail in Chapter Two), provide us with an opportunity not only to reframe some of the challenges
(problems) encounted in marine SES but also offer an alternative to forecasting dynamically to consider future
impacts and consequence of change. Additionally, through the implementation of such approaches, it is also
possible to address some of theticalcomponents rguired for an EAFandmore specifically shetomings in

the successful implementation thereof (successful implementation of an EAF wouldlsseheato achieving
sustainability in SSF). Importantly, through the development and implementatioaereir®based approaches,

we are also able to address different system needs at various scale simultaneously which may be a crucial step
forward in appropriately addressing the challenges associated to up and downscaling in SES. Scenario planning
has beersuggested as amportanttool and way forward in the management of marine SES in the context of the
southern Benguel@arre et al., 2013)This approach is in line with approacts®n in global assessments such

as the IPCC assessments of climate changes and the IPBES ecosystem asses#f@e@i2(@lg. IPBES, 2016)
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While scenarios based on forecasts for South African fisheriesbbameconductede.g.longterm adaptdion
scenarios for South Afri¢REA, 2013participatory scenario planning approaches together with fishers have not
been introduced or initiated aa decisiormakingor changamanagement tool, nor has it been employed to

inform governance or the implementation of an EAF at the national scale.

1.7. The southern Cape research area

The Agulhas Bank subsystem of the southern Benguela overlaps with one of the climgésrdispots identified

by Hobday & Pecl (2014)lt is situated off the southern Cape coast in South Africa and includes the roughly
triangular Agulhas bank, extending approximately 117 km off Cape Agulhas vétiSouth African exclusive
economic zone (EEZ). The coastal waters represent the fishing grounds off the southern Cape fostaesmall
linefishery, which is the focus of the research presented in this théSgure 1.2) The South African
(handjinefisheryis a boatbased, multuser, multiarea and multspecies fishery that conducts mostly day trips
ranging from six to eight hours. &kouthern Caplinefisheryoperates in the inshore area of the Agulhas Bank.

The primary target species of the fishergiigr kob (Argyrosomus inodoryigGriffiths 2000; Blamey et al., 2015)

other species targeted in the absencekal includesivers/carpenter @Argyrozona argyrozonaredfish (likeed

roman, Chrysoblephus laticEpand various species of shark. In recent years, increasing resource scarcity,
variability in physical systems and policy uncertainty has plagued this fi@@nmage, 2015; Gammage et al.,
2017a) The crew componentsmaltscale fishers who act as crew in the sredle commercidinefishery ¢

were not well represented in previous research and is the focus of this study. They mostly reside in the towns of
Mossel Bay, Bitouville, Melkhoutfontein, Vermaaklikheid and Slangrivier (Figure 1.1). These sites stretch over 200
km of coastline ithe southern Cape and consist of fishing communities in rural;rseahiand perurban areas

with direct and indirect access to the ocean (Gammage et al., 2017a).

The Southern Cape Interdisciplinary Fisheries Research (SCIFR) projederan longdisciplinary research

project established in the southern Cape, uses SES thinking and aims to generate a new understanding of social
ecological interactions which will contribute towards building SES that are better equipped to effectively respond
tochaHS O6WFNNB Si FfdX wnanmyod LYLRNIIFIyGfeT GKA& LINEZ
within the context of the South Africdimefishery Research undertaken within the context of SCIFR include

research into relational ootogies in the kob fisheipuggan, 2012)lescriptions of stressors that drive change

FYR FAAKSNEQ NBaALRYaSa ;cimate varkidity inocalfaimiigrandgighingSystenist ®@ > H
(Ward, 2018)and ethnographic researchuilt around the themes of education, citizen science and direct

marketing of fist{Duggan, 2018)Outside the scope of SCIBReenston (2013) and Greenston & Attwood (2013)
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examine issues of kgatch managaent in the inshore trawl fishethiat operatesin the same area as the southern

Cape lindishery.
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Figure 1.2. Map of the research area. Mossel Bdsrge urban centre situated on the coast; Bitouville
situated next to Gouritsmond at the Gourits Rév mouth ; Melkhoutfontein- situated approximately 8 km
from Still Bay on the coast, Vermaaklikheid km from the coast as the crow flies, but fishers often travel 47
km by road to launch in Still Bay; Slangriviesituated 26 km inland as the crowids, fishers travel 38km by

road to Witsand where boats are launched at the Breede River mouth.

1.8. Situating this thesis

4S8R 2y (GKS OKIffS8y38a KAIKEAIKGISR o
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objectives at international and national scales, a need arises to develop and implemenismutiethods that

can simultaneously address mifiiceled complex problems such aapacitybuilding at the small scale and

informing EAF implementatiand sustainable developmeat the larger scale. These challenges underscore the

already identified need to revaluate how marine S&&e perceived, studieadnanaged and governed. From a

YSGK2R2f23A0Ff LISNALISOUAQYSE GKAa R2Sa yz2i

yS0Saslt

how existing methods can be used and applied in novel ways. The use of structuredHaetisigriools (SDMTS)

in an interactive and iterative participatory scengs&sed approach in the context of the South Afrigaefishery

is an example of how existing methods tanusedn novel ways to address some of the challenges raised by

changing marine S&& variais scales of operation.

The research presented in this thesiglores gorocess by which a participaletd structured decisiomaking

process coulde implementedin the future This is important as it adds to our knowledge of the human

dimensions ofhe South Africafinefisheryand makes an important contribution to the body of knowledge by (1)
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enhancing our understanding of the South Afriiaafishery, specifically the southern Cape which is under
researched in this regard, and (2) providing ingoat insights and lesson into how structured decisioaking

tools can be developed and implemented in an interactive and iterative scenario planning approach in the context
of the South Africafinefishery, specifically the southern Cape, where no suttres planning exercises or

research has taken place.

Knowledge gaps in the human dimension of the marine SES have been highlighted at the local scale by the
Southern Cape Interdisciplinary Fisheries research project (§lalFgt al., 2018)The SCIFR project forms the
background to previous work which describes stréssorii KI i RNA @S OKIF y3S | yR TFA3
(Gammage et al., 20173, Atthe larger (national) scale, a crosantry comparison carried out by the Belmont

Foum¥ dzy RSR LIN22SO0G aDf206lt | YRSNEGI y Poleséiliedayiigue [ ST NY A
opportunity for comparisons among different coastal communities in the different hotspot coufitbslay et

al., 2016) Data collected in the southern Cape for a comparative social vulnerability asse@gssnenti et a).

2018)as a first step, allows for the analysis of participant responsdmat eesolution. This analysis supplements

earlier work (Gammage et al. 2017a, b), and is an essential component of current and future research into

responses to future clmge and system transformation under the SCIFR project.

Results from previous research by Gammage (2015) show different change response strategies currently
implemented by fishers while highlighting an oftemphazard way of decisianaking and the poor
understanding ofhe rationale used in decisiemaking. These communities also seem to be coping and reacting
rather than adapting:To ensure sustainable livelihogdisese communities need to respond to these changes in

a more informed, structured mannehat allows them to diversify their livelihoods activities while making
informed decisions (Gammage, 2015; Gammage et al., 2017b). Although conducted as a small, local study the
research has impacts and insights into how the human dimension of the rB8&#ean be better integrated into

the EAF in South Africa by offering a methodological blueprint for future;stakléholder processes at bigger

scales of operation whilst promoting social learning and cagaaiiing for participants operating at thecal

scale. While the research does not directly contribute to a pmimessthe results can eventually inform policy

and management decisions by laying a foundation of research for scenario building at the community scale.

Belton & Stewart (2002nd Haapasaari et al. (2012@jnphasise the significance of adequate problem
identification and framing at the start of any policy process. This means that the most critical elements and
interrelationships within a system will be taken into consideration whilst facilitating the uadeisg of problems

in their entirety, helping identify the right questions whilst denoting the first steps in developing holistic knowledge,
research and ultimately, management stratediésung et al., 1999Valker & Harremoés, 2003; Sluijs & Craye,
2005; Clark & Stankey, 2007; Verweij & Densen, 28fijtured decisiomaking is an approach by which system

descriptions can be improved upon together wattistingtools for problem framing and #amingin itselfthe
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first step in any scenario planning procialton & Stewart, 2002; Kahane, 20124t only is the use of the tools
and process beneficial to the individual/household/community as participants, but also to researchers and
managers alike This knowledge is essential for the development and implementation of a secbasgd

approach to future adaptation in support of sustainable community wellbeing and development in, e.g. SSF.

1.9. Aims of this thesis

This thesis researdlirectly contributes to building the understanding of local scale interactions and their impacts
within the context of the southern Cagtieefishery Drawing on a thematic framework of stressors that lead to
change in the research ar@ammage, 201%8)nd recent work in connection with the Global Learning for Local
Solutions (GULLS) project, this iterative participatory approach goes beyond qualitative system descriptions by
making use of SDOM with a group of marginalised fishers who have never before participated in such as process.
The overarching scenafimsed approacgiimplemented as a prototyping exerciseroadly seeks to explore
methods by which system descriptiaare enhancegproblems reframed, and future orientated thinking engaged

within an iterative and participatory process in disadvantaged communities. Specifically, the research aimed to:

1. Determine and describe some of the drivers of change in the fishery system afitherscCape using

the perspectives from the crew component of thnefisheryin the area.

2. Establish what interactions and feedback loops (drivers of change) exist and interact at various scales

within the context of thdinefisheryin the southern Cape.

3. Develop aprototype Bayesian belief network (BBN) model in an iterative participatory process to
establish the prominent drivers of change within the fishery system (from the crew perspective). The use
of BBNs in this context is not only a problem resitiing and decisiomaking tool, but also provides

valuable insights into the values held by participants.

4. Develop, together with fishers, four stories of what the future may hold for Melkhoutfontein using an
iterative participatory scenario planning egise based on some of the principles of transformative

scenario planning approaches.

‘A prototypemodel (or in the case of this research, modelling procéss)n original modgbrocesswhich can serve as a bases for other

models or processes. The implementation of a prototype model (or in the case of this research, process which makes dedéngf mo
techniques)holds many advantages when carried out imiaterdisciplinary context it provides the means to deal with potential in the
LINPOS&das aSNwpsSa G2 Sadroftrak I wo2YY2yQ 1l y3dzad IS | yRprodidkyalS 2 F  LIdzNJ
participants a sense of the abilipotential of the process (model) thereby allowing for the reconsideration or refinement of the process

(model) (Starfield & Jarre., 2011).
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5. Evaluate the contextual suitability of the application of the various tools used throughout the research

process and recommend next steps in a larger scenario plannitespro

6. In support of the implementation of an EAF in South Africa, create an opportunity for disenfranchised
fishers to engage in a process that could improve adaptive capacity by enhancing their understanding of

changes in the marine SES and possible nsgisdo these changes.

Figure 1.3 shows this overall framing for the research and indicates how the research contributes at multiple scales

of interaction.
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1.10. Thesis structure and research questions

The ovefarching question which this research seeks to answer is:

Are structured decisiamaking tools suitable for use in an interactive and iterative way with participarite in t
South African line fisheries? Can the methodology, which aims to build capacity and enhance adaptive capacity at
the small scale, have the potential at the same time to inform the implementation of an EAF in South Africa

meaningfully?
The following pesents the chaptespecific research questions together with a brief outline of each the chapter:

Chapter Two: Literature review and methods

The literature reviewed firstly examines fisherieSES and explore some of the key schools of thought litied
SESHhinking including vulnerability, adaptation, resilience, and transformation. Next, is a brief overview of the use
of structured decisioimaking tools in the management of complex and uncertain SES, is presented. A
comprehensive overview of théree decisioamaking tools used in this approagitausal mapping, Bayesian
modelling and scenario plannigdollows. Thehapter concludes with an overview of the overarching (general)

methods used in the development of the approach in the contextaoftibsis.

Chapter Three: Thematic analysis of stressors as described by the comménagshery
crew (smaliscale fishers)

ThiscK | LJG SNJ LINBaSyda | GKSYFGAO Fylrteara 2F aiGNBaaz2Na
data, supplemented by research literature as secondary daethematic analysis has been done to form a more

holistic view of the driving foes of change within the context of the crew component of the fishery. This analysis
complements previous research (Gammage, 2015; Gammage et al., a8l¥aims spdigally to plug a

knowledge gap in this previous reseasctdl forms the basis of bothe causal diagrams and the Bayesialief

networks. Thehapter speaks té&im 1from Section 1.9and seeks to answer the followiresearchguestions

Is the knowledge of drivers of change held by fishers who act as crevinefisteery(also identied as traditional
smallscale fishers) in the southern Cape is the same or complementary to that described by other user groups

(mostly skippers)?
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Chapter Four: Making sense of wicked problemsAre structured decisiormaking tools
useful in problemstructuring with marginalised fishers in sockalcological systems?

Chapter Fouexploreghe use of structured decisiemaking tools, specifically Causal diagrams and Bayediin

networks (BBNSs) in an interactive and iterative research process adificsiig addressedims 2 and 3rom

Section 1.9 The general question asked in thispterisd 2 K G OFy 0SS € SI NYySR | o62dzl
interactions through the use of the decisiort { Ay 3 (22 f a dangfR K Ki# éMdsthrornii Jdzi & K é
GKS AGSNYGAGBS AYLXSYSyGlFraAaz2y LINROSaake

The first section of thishapter addresses the causal mapping process and seeks to answer specific questions:

0] What interactions, including indirect interactions and feedback Ypaps revealed througthe use and

development of causal maps for the southern Qiapfishery?

(ii) Is the use of the causal maps appropriate and beneficial in an iterative and interactive process with

stakeholders who are unfamiliar with more structured decisiaking proceses?

To address the research questipmaiusal diagrams showing the drivers of change and interactions were
constructed based on information obtained for each community using household survey results from Chapter Two
and the thematic framework identifiedybGammage (2015). These diagrams, constructed for the crew
component and per town, have been scaled up to provide coverage of the whole research area. Research data
were used to supplement the data obtained from the participants to provide a moredafigtibalanced system
description. The first causal diagrams were fed back to key participants to allow for refinement of the final product.
Importantly, the causal diagrams form the conceptual systems model for the weighted hierarchy and BBN and a

tool which workshop participants can use and réfethroughout the workshopping process.

The second part of thehapter is concerned with the BBN development process and seeks to answer the following

guestions:

(iii)) What are additional insights gained intee drivers of change and linked uncertainty that exists in the

southern Caplinefishensystem through the development and use of the weighted hierarchy and BBN?

(iv) Is the use of the BBN appropriate and beneficial in an iterative and intefacess with stakeholders

who are not familiar with the tool?

51 FSSRoIF O €22L) Ay | Oldalt YIFIL Aa F waeadsSy aiiNaf (xdiNBS (K2 RS DI dza S
(http://thwink.orq).
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A BBN,with the central tenet of achieving a sustainable fishery derived inconas constructed for
Melkhoutfontein Participants identified a hierarchical structure with drivers which ptheasost influence on

the central theme. The resulting BBN and sensitivity anphgsilesnsights into drivers which influence decision
making and allows for the exploration of the differences between the initial hierarchical structure and the model
outputs and allowed for the further exploration of the uncertainties linked to the different drivers of change as well
as the interactions amongst these drivers. The results of the sensitivity analysis also helped to identify significant

additional keydriving forces (KDFs) for the scenario stories constructed in Chapter Five.

The research and resufigesentedn thischapter not only further explore the indirect drivers of changes together

with feedback loops not apparent from the thematic analysis while providing graphical models of the complex
system, but also provides essential experience and insight into the sseabdfired decisionmaking tools with
stakeholders. The analysis presented in the chapter focusses not only on new insights of system interactions but,
as importantly, on the process and insights gained from the process thereby addressing aims 5tandr& wit

context of the causal mapping and BBN.

Chapter Five:Scenarioplanning

Thischapter not only reports on the development of scenario stories as a product but also reflects on the process
through which the storiesvere developedThe scenarigolaming process described in tlisapter was carried

out at the small scale as a prototyping exercise and specifically addéeesédromSction 1.9. The analysis
presented in the chapter focusses not only on the results but, as importantly, on thegene insights gained

from the process therebglso contributing toaddressing aims 5 and 6 within the context of the scenario

prototyping exerciseThisis doneby addressinghe following questions:

(i) What are possible pathways (future stories) fe future development of Melkhoutfontein within the

context okeydriving forces as identified through an interactive, participatory scenario planning process?

(ii) Does this process promote capabitjidingfor disenfranchised (and often powerless) fishensot only
create adaptive capacity at the smallest scale of operatim al usingmethods that could potentially be

implemented at largescales of operation in support of the implementation of arPEAF

This scenariplanning prototyping exercise utilised the principles of a transformative scenario planning process to
formulate and design lorgrm scenarios for the fishing community of Melkhoutfonteélimiswas achieved using

a series of workshops wte fishers from Melkhoutfontein were engaged. Four scenario steersconstructed
following the workshopping process. These stories were constructed around the interactions of two key driving
forces identified by fishers. Information regarding &shilability and potential warming/cooling in the Agulhas

Bank was added to the fisher stories to derive the final stories. These additional drivers were chosen based on the
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outputs of the BBN sensittivity analysis. Information on the future macroecotrajaittory and potential socio
economic futures (derived from largeale scenarios such as the Indlumithi SA Scenarios 2030) was added to
complete the stories. These stories were fed back to participants through a pamphlet distributed at the end of the

research process.

Chapter Six: Synthesis and conclusion

Chapter Six provides a synthesis of key findings that stem from Chapters Three to Five by specifically addressing
aims5and6. As a start, | reflect on what insights the use of the tools andetelopment of the approach has
provided regarding our knowledge of the southern Qapefishery specifically, new insights gained from the use

of the causal maps and Bayesian belief networks (BBNs)fdNexs areflection on the scenaribased appach

and the processes followed throughout. Tdiapter concludes with a reflection on the implications of the

approach on the implementation of an EAF in South African fisheries, governance in general and issues of scale.
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Chapter Two
Literature review andoverarching approach, design andethods

This literature review seeks to provide an overview of concepts and topics linked to the development of a scenario
planning approach as a means of responding to chanfishery systems. First, as the thesis is grounded in
systemshinking approaches in the context of fisheries as secialbgical systems (SE%n overview of the
development of the SES framework and related schools of thought on responding toiorarge$ provided.

The notivationfor the use of scenario planning as an approach follows. As the research specifically uses structured
decisioamaking tools (SDMTs) to develop system understanding and as a means of problem framing and
restructuring the definition and role of SDMTs and modelling with stakeholdedtsscribed Next follows an
extensive overview of the SDMTSs used in this resegzlusal Maps (diagrams), Bayebeliefnetworks(BBNs)

and Scenario Planning, including participasmgnario planning. Thehapter concludes with a section outlining

the overarching approachnd methodsxdopted for this thesis.

2.1. Thesocialecological systems perspective and associated schools of thought

The research presented in this thessiaws on a soci@cological framing. In this section, fisheries as SES are firstly
defined and explored. Next, as issues of scale are central to denidmg contexts in SES, the concept of scale
(and complexity) in relation to SES is explored. Bdthdhis research is not explicitly framed within the context of
resilience and transformation, they are important schools of thought which underpin much of the previous
research upon which this thesis bailds well as an overview of some schools of thowgdated to the study of
SESThe section thus concludes with an overview of resilience and transformation and their application within SES

and fisheries.

Fisheries asocialecological systems

Fisheriesare widely recogniseds part of marine SE&g. Ostrom, 2009)Early fisheries SES research strived to
involvewider variety sourcesf knowledge in the management of human behaviour in ecosys{Berkes &
Folke, 1998; Berkes & Jolly, 2002; Berkes, 2003; Olsson et al., t@9dlithors maintained that thereag/a need

to develop a framework to facilitate knowledge integratioBerkes & Folke (1998) their initial analytical
framework ¢ aiming to investigate social structures and interactions shaping management practiosed
towards working with multiple perspectives while integrating the human and ecalogi an overarching

framework.

Ostrom in 2007, defined a framework within which to analyse SES which idergimatiacomponents and
interactions within the SES to inform the development, structure and attributes of the syS&inom, 2007)

Importantly, the concepts outlined in the framework envisioned enabling researchers with diverse backgrounds
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to engage with one another acSES scalidcGinnis & Ostrom, 2014Without such integrated perspectives

on complex problems, researchers not only remain bound by disciplinary limits but also to developing
understandings limited aspects of tB&ES resulting in misinterpretations of observed phenomena and changes
(Ommer & Team, 2007; Ommer et al., 2012)

In a more recent framing of the SES appro&chpon & van der Leeuw (20tstinguish three integral aspects

of an SES. These are the integration of social and ecological perspectives into a coupled system; the assumption
that SES are dynamic with a high degree of unogrtand an inter/transdisciplinary perspective to account for
complexity and dynamics. Inherent to this is the assumption that interacti@isSare an iterativarelationship

(Ommer & Team, 2007; Park et al., 2012d& et al., 2013Wwith interactions within the system encompassing

multiple internal scale@erry & Ommer, 2003; Ommer & Team, 20@&8sentially, all planetary resources utilised

by humans form part of complex SE#hich areomprised of multiple subsystems and internal variables from the
biophysical and social (including cultural) systédasberg & Cumming, 2008; Ostrom, 2008)ich SESs have the

ability and capacity to sefirganise and adapt based on past experienffeake, 2016)These systems are
characterisd by emergent nottinear behaviour while generating substantial uncertair{fi¢srberg & Cumming,

2008) Described in the context of fisherisach complex SESs comprise subsystems such as the resource system
(e.g.linefishery) resource units (fish), users (fishers) and the governance system (organisation and rules that
govern fishing). Importantly, all these elements are separable, but thtbeghinteractions produce outcomes

at the level of the SES. These outcofeedbackto affect the subsystems and their component as well as other

SESs of varying sizes and sq@strom, 2009) More reently, Bigg®t al. (2015a: 8) have described SES as
GO02KSaA@S aeaitsSvya Ay (KSYaStg@gSa (GKIdG 200dNJ G (GKS
by strong interactions and feedbacks between social and ecological systems that defefibe 2 GSNF f £ Re y |

Socialecologicalsystems andscale

Complexity and the ensuing uncertainty within SEfake management especially difficult for lelgn,
sustainable outcomeiGarcia & Charles, 2007, 3)0 Global environmental problems do not occuisilation

but tend to be interconnected in sometimes unexpected ways. It is thus useful to conceptualise the global
environmental system as a complex adaptive systétin several attributeghat are not observed in simple
systems.While dmple systems can be described using a single perspective and standard analyticgltineodel
samedoes not applfo complex adaptive systesiiBiggs et al., 2015aJn complex systemscaleinfluences
nonlinearities and tipping points, inherent uncertainty or unpredictability;@eihnisation, connectivity, path
dependence and emergent properties such as resilieAtl®f whicttannot be predictegustby examining parts

of the systen (Biggs et al., 2015a)
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SEScomprise groups of (often diverse) interlinked resource ysmgsther with multiple resourcesvhich occur
at multiple scaleandare influenced by spial and temporal changes in the complex sysf@amssen et al., 2007)
In the context of thighesis scale refers to the extent, duration, mgtion, grain and hierarchical levafithe SES
that include the physical dimensions of time and spg&woles et al., 2013Jor research concerned with the
success or failure of the system, the biggest challenge arising is understanding the nisetions between
spatial and temporal scales (e.g. Ostrom, 2009). In SESs, many research findingsareiticalas responses

depend on the spatial and temporal scale at which the res¢aathplacgScholes et al., 2013)

Examining systerthange over time at any one scale requires developing an understanding okjstem

connectivity at multiple scales (Scholes et al., 20B&xry et al. (201ljlustrated the influence scale has on

responses in marine SlB®ughdrawing on case studies from four different marine SES by combining the impacts

of environmental and global soeionomic stressors. Those responses whiak place over short time scales,

andallowsi KS ae@adSy (2 NBYFIAY dzyOKIyaISRXI 4SNB RSSYSR |I:
thatNB |j dZA NB LISNXYI ySyid NBalLkRyaSa G2 OKIFIy3aS gSNB (SN)S
new state or condition. An example is where fishing communities cope withtehrfish stock shortages by

changing behaviour to accommodate a redurtin catches, whereas if shortages were experiences on the long

term and stocks collapse, the adaptation required would involve more permanent behavioural changes together

with interventions from management authorities (Perry et al., 2011).

Resilience ad transformation insociatecological systems

In response to the challenges presented by scale and complexityabsubdisciplinesave evolved within the

SES paradigin explore complex system dynamics. Resilience thinking has emerged as a dynamic and changing
assemblage of interrelated concepts which include adaptation, vulnerability, and adaptive céfanfty:

Wandel, 2006) This thesis, grounded within a broader SES thinking paradigm, at times borrows frdig speci

resilience concepts such as vulnerability, adaptive capacity and transformation where relevant.

The concepts of vulnerability, resilience and adaptive capacity are relevant to both the biophysical and social
domains(Gallopin, 2006)Previous studies relating to these terms have tended to place the focus on either the
ecological or social aspects of the system, with a more recent move towards more halistic conceptualisation and
models ofSES(Young et al., 2006)Threats or hazards posed by disturbances or stressors at multiple scales have
provided the context for research where the behaviour and evolution oh&&Sbeen described in terms of
vulnerability, resilience or adaptive capacity (Young et al., 2006). In the study of the human dimensions of
environmental change, specifically, when considering the anthropogenic influence on such change, vulnerability,
resilience and adaptive capacity have become increasingly pron(ifake, 2006; Janssen & Ostrom, 2006; Folke

etal., 2011; Biggs et al., 2012)
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Emerging from the field of ecoloflanssen & Ostrom, 200@&silience has develed as a concept used to analyse
population ecology in plants, animals and the management of human activities in ecosystems (Janssen & Ostrom,
2006) and has been promoted as an integral characteristic of a robuSVSES et al., 2004; Folke, 2006; Folke

et al., 2010; Berkes & Ross, 2013he concept of resilience, which emerged as a perspective to understand
population interactions in ecology, has been strongly influenced the evodcosystem stability B§. SHolling

(1961, 1973)which includes their ability to withstand disturbance and resist chéngdker et al., 2004; Folke,

2006) Grounded in system perspectives, contemporary resilience thiekiphasises the reliance of resource
dependentpeople on the envonment and the subsequent interactions that unfold. This serves to highlight the
linkages between the social and ecologic8ES thinking[Béné et al., 2012)Resilience thinking thus provides a
perspective to analyse a system as being a complex adaptive system where interacting factors shape and impact
0KS &eé a-chanying aatudaaReda Salt, 2006)

The ecological concept of resilience was adaptetiger (20006 K2 LIN2 JARSR | RSFAYAGAZY
GUKS | oAf AG@ teshocapblRitdaxdarnalztéedses and dfstimances as a result of social, political

YR SY@ANRYYSyldlt OKFy3aS¢é 06! RISNI wnnnY ontod wSa
thinking and adopted by some social theorists by a varietythibrs(e.g. Walker et al., 2002, 2004; Olsson et al.,

2004; Folke, 2006; Folke et al., 2010; Berkes & Ross, Boé8ently, the concept aigal resilience highlights the
dependence afocial groups on the environmental health of their surroundings. This demonstrates the correlation

of the resilience of the natural subsystem with the resilience, adaptive capacity, and vulnerability ofesfépend

human resource users. Small disruptions in the natural system could have large consequences in the social and

vice versa in contexts where humans remain reliant on resources such@sriister & Team, 2007)

Contemporary resénce thinking for SEEsmprisesthree wideranging, interacting pathways. The first pathway

is described in terms of absorptive capacity, persistence or resistance. This depicts a scenariowhengping
mechanisms within the system buffer against $ghacchange without the need to change the status (Ri&né

et al., 2012) This aborptive capacity manifests as a stable system which absorbs disturbancesiatairs

function with little to no chang@/Valker & Salt, 2006)The second pathway is flexibility or incremental change.
This gradual, subtle change of the system or elements therein allows for the system to cope with the impacts of
drivers of changéCollie et al., 2004; Béné etal., 2012y R Aa AYF2N¥SR o6& ad0KS | RIF LI
(Bennett et al., 2014b: 2) From fieldworlobservationsCork (2010kuggest that where complex adaptive
systems experience disturbance, subtle changes can manifest in different elements of the system and can result i
the postdisturbance system displaying new characterisiit® third pathway is transformation. Transformation
describes a fundamental change in the syst@allie et al., 2004; Folke et al., 2010; Pelling & Madaehrrete,

2011; Béné et al., 2012; Pelling et al., 2015a; Armitage et al.,id@ilaM altogether new and different form.
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Adaptability and vulnerability are important terms used to describe the resilieraeSESWalker et al., 2004;

Gallopin, 2006; Folke et al., 2018daptability, or adaptive capadallopin, 2006)s the ability of the system to

learn to adjust to disruptions both in and outside to remaiact (Folke et al., 2010; Armitage et al., 201\jhen

GNBEAY3 (2 o0daAf R NBa kdagive yierfay betvéen Ristabibgiasdidévaoping with R& y | Y
OKIyaS¢ o0C2t1S HnncY HppLO® CKAA FoAfAGE G2 OKIy3
resilience which did not make allowance for reorganisation. Adaptation is théfefo RSTAY SR & alt
NBaLRyaS aiN}y iS3e GKIFIG asS1a (2 NBdudDebal,2®ed: 3pPdA y S NI
Adaptation to environmental variability has been a focus of anthropological studies since the early 1990s with the
concept subsequently becang more common in the study of the cost of anthropogenic climate chidagesen

& Ostrom, 2006; Vincent, 2007)For approaches IBES > & RIF LI GA2y A& 3ISYSNI £ f ¢
adiustmen inSE§ Ay NBaLkRyasS (2 F0Gdatz LISNDODSAOSRI 2N SEL
(Janssen & Ostrom, 2006: 23Adaptation is not exclusive to environmental changes and can include responses

to political, economic and social clogs iINSES.

The degree and manner to which the SES can adagiaracterised by its adaptive capacity and vulnerability to
change(Smit & Wandel, 2006)VulnerabiityK & 06SSy RSTFAYSR 4 aGKS &dzAOSL.
individual, group, sector, community or country, to an endogenoaisgs stressor or threat and the ability of the
SyGdAride G2 NB OB &tetBINIDNh: HiFydtein vulndfalily Ivaiies as the characteristics of

the system (over time) and the naturetbé disturbance changgBrooks et al., 2005)Through the process of

adaptation, new vulnerabilities may be introducg@nssen et al., 2007)his shows the contextual nature of
vulnerability¢ which can positively or negatively by influenced by change or intervention. Importantly, where
vulnerabilities overwhelm the system, new gyststates may emerd€inner, 2011)Adaptive capacity, resilience

and vulnerability are linked so that an improvement in adaptive capacity can result in an improvement in resilience

and a reduction in vulnerabilirooks et al., 2005)

Transformation occurs whehe pressureexceeds the ability of the system to maintain its original state, resulting

in fundamental system characteristics that are altered amientirely new onéWalker et al. 2004)Galafassi et

al (2018: IRSFAYS (NI yaT2NYI| (A 2y ad atrass varidusizyoaing spghiing fromOK | y 3
AYRAGARIZ f 3Q YAyRaStasz FGGAddRSas yR 0StASTa (2 a
socialecological approach emphasises how fundamental transformations can lead to changegaircapiial

through the reconfiguration of sociatological relationgOlsson et al., 2014)The importance of deliberate
transformation is highlighted by Walker et al (2004). Purposeful fundamental changes are brought about by
human actions with these changes usutgdking three forms: collaboration, participation and shared learning;
governance components (e.g. policy aneht@nagement); and entrepreneurial action to improve livelihoods

(Armitage et al. 2017).
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Transformatiorcan be viewed as a peeptive or fordble radical and fundamental response which occurs when

I aeadasSyQa OFLI OAlGe (2 o0&a2ND aiNBPaazNakOKFy3ISa I
broken down. Flexibility and innovation become limited when social groups becomeat@usty coping

mechanisms that limit their capacity to transfofBené et al., 2012)Thus, where system change poses a threat

to livelihoods, absorptive or adaptive capacity is not a sufficient change response. These responses limit
O2YYdzyAGASEAQ oAt AGE G2 Sy3l 3S L20IR)NBD edgadhirddélieiae ¢ A ( K
transformation, people need to proactively engage more deeply with other SES components to bring about
change as opposed to a passive or slow experience. Importantly, all the concepts discussed above are
characterised by driversf changeandtheir variabilityand as conditions at the various scales of the SES change,

the adaptive capacity, vulnerability, resilience, and transformability will also change.

To achieve sustainability within SES in increasing uncertangapacities to bng about system transformation

are required (Frame & Bown, 2008; Sardar, 2010; Miller, 2011; ISSC, 2012; Proust et al., 24 ) cludes

GF LILINZ I OKSa (2 KSELI FIOAETAGEFGS GNY¥YyarxdGAazyaszr 2Ly
encourage dialogue across diverse groups of peaptdprovide a sense of empowerment and hope in an era
GKSNBE (KS SEGSYyd 2F GKS OKI t f(Shipe®tal., 208631 YamoligeS NB K St
transformations for sustainability, actors across alkescahd domains need to galvanise new system trajectories.

In such networks, actors can develop shared narratives about system identity, form alliances that could challenge
existing power configurations and connect resources for strategic intervenfidestley et al., 2013)
Simultaneously, processebere knowledge is developed collaboratively between practitioners and scientists, are
suggested as a strategy for the integration of various perspectives, values and knowledge systems-on nature
society relationgNeis & Felt, 2000; Lutz & Neis, 2008; Tengo et al.,.2&L&h processes have been studied in

several ways, including transdisciplinarity, knowledggroduction, and codesig(e.g. Flyvbjerg & Sampson,

2009; Mauser et al., 2013; Moser, 2016)

To develop an understanding of soeiablogical dynamics, the resilience lens has beadaly appliedFolke et

al., 2016)n developed to developing contexis.g. Berkes et al., 2003; Walker et al., 2006; Folke et al.,2010)
example is the description of general principles for buildsgience within SE® enhance the capacity of such
systems to continue providing ecosystsetvices while being subjected to unexpected shocks and incremental
changegBiggs et al., 2015alrolke et al(2011)examine traps and regime shifts within the context of the Maine
lobster fishery in the United States and agricultural activities within the Godlirokencatchment in the Murray

Darling Basin, Australia to emphasise the importance of understanding what resilience entails. A few examples of
where the resilience perspective has been successfully applied is the outcomes of high impact climate events on
rural livelihoods in Central Ameri¢iicsweeney& Coomes, 201dpfluences of environmental and economic

change on landise choices among farmers in Latin AmeEkin & Wehbe, 200 teractions between society
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and nature along the United Statkbfexico bordefMorehouse et al., 2008nd poverty traps of rural drylands in
subSaharan AfricéGordon & Enfors, 2008)For the southern Cape, Gammage (2@itk) Gammage et al.
(2017ab)0 NNA SR 2dzi NBaSIFNDK 6KAOK SEFYAYSR RNAGSNA
resiliencebased approach to vulnerability as a theoretical and conceptual framewbiik.thesis builds on the

work of Gammage et al. (2017a,lJbeit with an Ecosystem Approach to fisheries managen{Esntfy

implementationbeing on the foreground.

2.2.  Structureddecisiorrmakingtools for theimplementation of anecosystems

approach to fisheries management

It is widely recognised that the soegological and governance dimensions of an EAF are tightly céBptkds

& Folke, 1998; Ommer & Perry, 2Q1TY effectively implement an EAF, decisiamkers need to balance multiple
objectives, considering priorities and tradffs between conflicting objectives in a tiple stakeholder context
(FAO, 1999; Garcia et al., 2000; Degnbol & Jarre, 2004; Garcia & Cochranbedfbpringing the need to
integrate different criteria in support of decisiomaking, to the fore Problem framing and structuring processes
are important steps in many decision support processes which include (but are not limited to) integrated
assessment (I1A), muttiiteria decision analysis (MCDA) and structured decision making (B&ieh & Stewart,
2002; Gregory et al., 2012Problem structuring refers todhprocess of making sense of an idsystriving to
identify amongothers, key concerns, goals, stakeholders, actiand uncertainties (Belton & Stewart, 2002)
More formally definedit is the process through which factors and issues that require further discussion and

analysis in developing an understanding of the situation, is deve{Resginhead, 1989; Belton & Stewart, 2002)

Structured decision making (SDM) prosgidesontextfor the structuring of problems that arelated to multiple
objectives and stakeholderéccording taGregory et al. (2018, SDMO| Yy 06 S R ScéblebpratiiRe ahdd G K S

facilitated application of multiple objective decisioraking and group delilbation methods to environmental

2

YIEYyF3SYSyid | yR Lzt A O LddrbbledrilyticalNtigodsBith ingights intoDiBngrS NI £ £ &

judgement to assist and inform decisiorakers as opposed to prescribing preferred solutions (Gregory et al.,
2012). Specifically, and in its practical implementation, SDM can be viewad agyanised, inclusive and
transparent approactbased on values and preferenaghich isnot onlyused to understand complex problems
but also to generate and evaluate creativieisiatives(Gregory et al., 2012; Robinson & Fuller, 20Gfegory et

al. (2012) highlight that SDM is grounded in the premise that good decisions are basednetepth
understanding of values and consequences. Importantly, the approach is able tbuterits consistency,
transparency and defensibility decisiommaking processes and is particularly important when considering the
technical and valubased controversies that can be presentutlic policydecisiormaking context(e.g. Belton

& Stewart, 2002; Wilson & McDaniels, 2007; Gregory et al., 2012; Robinson & Fuller, 2017)
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Methodologically 3MTs provide the framework through which decisboipport processes are facilitated and
implemented. These tools, developedhia context of decision sciences over the course of 50 years, are designed
to assist both individuals and grotuipsaddressingomplex decisions together with difficult group dynanicg.
Belton & Stewart, 2002; Guimaraes Pereira et al., 2005; Gregory et al., BaXR)ensiveand recent overview

of SDM byBeton & Stewart (2002) & Gregory et al. (2Dh@hlight the need for SDMogether with the SDMTs
developed in support of SDNh the context of environmental decisianaking This includemethods that help

with idea summation and optimisation methedhat help to structure these ideas such as casual (cognitive

mapping) and value trees (Belton & Stewart, 2002).

Modelling with stakeholders has developechdild of study where alternative management strategies can be
linked to multiple objectives in a systems coni@etn den Belt, 2004; Gray et al., 201Farticipatory modelling
(PM) involves multie stakeholders (often scientists and members of the public) working together to develop
conceptual and dynamic models in addressing environmental profgem¥Vhatmore, 2009; Gaddis et al., 2010;
Sandker et al., 2010; Voinov & Bousquet, 2010; Gregory et al., 2012; Gray et alH2@&x)er, to be able to
apply these methods, orfiest needsto ensure that stakeholders are willing to consider the possible solutions to
O2YLX SE LIN26fSYar 6KAOK 2F0Sy NBIljdANBa GKSte (2

(@]

levels of conflict are often dughthat many $akeholders are unwilling to engage in such processes. To this end,
group interactions witha more homogenousgroup of stakeholdes have been applied with some success
(Paterson et al., 2010; McGregor, 2015; McGregor et al., 2018 importance of stakeholder participation and
engagement in the implementation of an EAF in South Afighlighted in Chapter Oneannot be over
emphasised Whilethe participationof representatives of large, established fishing companiedais/ely wel
developed in South Afriggstaples, 2010)stakeholder participation in fisheries management overall remains

fragmentede.g.Hara et al., 2014)

2.2.1. Application ofstructured decisioamaking toolsin South AfricarFsheries

SDMTs have been used in various context in South African fisheries. Some pertinent appliedtighighted

to demonstrate the scope completeebrk and highlight the contribution made by this thesis.

The first application of SDMTs is problem structuring methodology, the most prominent example being the
Ecological Risk Assessments (ERAs) cantied the BCLMENel et al., 2007) To trace EAF implementation,
Ecological Risk Assessment (ERA) pobaitieando begin to identify problems and objectives related to EAF not
effectively addresed in management plan@letcher, 2005; Nel et al., 2004ynder exarmiationin the BCLME
ERAwere existing challenges and needs related to EAF and the development of management options required to
manage resources sustainably at the level of the ecosy@teiet al., 207). This type of risk analyses involves

examininghe source of the risk, the ramifications thereof and the likelihood that the risk may redéziLet al.,

(0p))
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2007).Although not fisheries specific, other problem structuring methods that work well with diverse stakeholders

I NB @Aaddf YSAKQRY2GEADX sRAQKREE | Ff SHmadging A & dz
problems in a group setting (Belton & Stewart, 20820) causal mappingCausal mapping is extensively discussed

in Section 2.3.1.

Various comprehensive system state analysege been concluded within the BCLM#Eaterson et al. (2007,
2010)utilised collaborative methods to develop thpeototype expert systenthat used a fuzzogic model of
expert knowledge The aim of the research wasaid of amultiple-criteria analysis in the context &AF
implementation efficacy in the South African sardBardinops saggfishery. McGregor (2015) developed a
hierarchy of weighted mearts assess the efficacy of EAF implementation for ecologicab&ied) dimensn in
the South African sardine fishergdopting an iterative, participatory approach for its implementation.
Importantly, McGregor (2015) and McGregor et al. (2016) emphasise theame of social learningnd the
necestty (specifically in Southfrica)to place as much an emphasis on social learning as on tool developement
whether thatprocess through which tools are developed with multiple stakeholdg@ust as important as the
endproduct. Lastly] ockerbie et al. (2016) and Lockerbie (2)elopechmethodologyto evaluate ecosystem

state and trends across a wide variety of ecosystems thatledtitine southern Benguela

Intheir research into the human dimension of the EAF in the northern Benguela within the conteXtafitii@an

hake fisheriesPaterson et al. (2013nd Paterson & Kainge (201if) exploring the historical exploitation of

bl YAOAlFrQa FAAK NBa2dNDSa FyR Ada SFFSOGa 2y FAAKSN
and fishers have the potential to improve the accuracyunfey estimates and stock assessments with the

ultimate aim to inform fisheries management decisiolm a similar way as Paterson et al. (20B@jerson et al.
(2015)resent objective hierarchies and a preliminary evaluation of the state of EAF implementation in the human
dimension othe Namibian Hake fisherjzor South African rock lobst&sheries, optimisation methods have been

FLILX ASR $AGKAY (KS wwWeatauCageJolberteral 2008; StegvartleaNaR, 0B & A Y
Specifically, the authors highlight the value of using the Miteria Decision Analysis (MCDARreating a

problem structure that can be communicated betwegoups, the value of causal mapping as a way to extract
decision objectives and the applicability and suitability of using the methodology to address problems that involve

highly divergent groups where some stakeholders are functionally illit€3ssevart et al., 2009)

Various ecosystem modelling approaches have also been developed in support of the evaluation of alternative
management strategies within an ecosysteontext. Models developed within the context of the BCLME include
EcoPath/EcoSiratrophic massbalanced modeivhich has been used to explore the effects of altered fishing on
three small pelagic fisheries and hakéeirg. Shannon et al., 200QSMOSEa spatial, multispecies, individual

based model simulatingthich has allowed for an exploration of the effects of overfishing on the structure and

function of southern Benguetaodwebs(Travers et al., 201@nd theAtlantismodel which present scenarios of
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fishing under climateariability and changéOrtegaCisneros et al., 2017}urthermore, the use of gfialised
approaches within marine SESgaining traction with a wide range of spatialised approached heied in the
research intoSouth African fisheriesSuch spatialised approaches inclsiek et al. (2012yho report on
implementing spatiahpproaches in identifying focus areas for offshore biodiversity protectidgrikman et al.
(2016)emphasise the need for marine spatial planning in support of the meiation of ecosysterbased
managementFurthermore, Algoa Bay serves as a case study for the first South African marine arése@lan
Dorrington et al., 2018)One of the drawbacks of the existing ecosystem models of the Benguela is that they
emphasise offshore fisheries and thus the resolution of the models is not optimised for coastal fisheries such as

the linefishery

System models have also been used to @altihe likely strategies for the management of the African penguin
(Spheniscus demerirsview of multiple drivers of change, including pollution, fishing and climate chiérejier

et al. (2016yleveloped a stochastic, stagpecific sstem dynamics model with spatial components to investigate
the interaction of multiple pressures on penguin population developneéridyer and Robben Islagdwo
prominent penguin colonies. The resd®w how sitespecific scenarios can be used to esplconservation
options indata-scace situations. The approach followed by Weller et al. (2016) followed the concept of modelling

with stakeholders followingan den Bek2004)

However, what has not yet been achieved within the South African context is the combination of objectives in the
EAF dimension (Ecologithiman dimensions) with specific multiple futures as imagined by stakeholtiees.
contribution made by th present thesisgs specifically in exploring the linkages between the social and ecological
dimensions by taking a peoptentred view in the context of an inshore (line) fish@lyisisachieved through the

implementation of a scenarbased approach which makes use of SDMTS in an interactive and iterative.process

2.3.  Structureddecisiorrmakingtools used in this research

Approaches derived from systems perspectives such as systeansidgognitive/causal mapping) and scenario

planning have been taken up WitHBES research in support of knowledge@eation(Peterson et al., 2003z;
OterosRozas et al., 2013; Jetter & Kok, 20Tfhese techniques can contribub the construction of mutual
understanding among participants. By fostering learning about plausible futures, they may inform policy and
enhance environmental managemef@arpenter et al., 2006; OterB®zas et al., 2013; Rogers et al., 2013)

Adequate problem framing involves all relevant stakeholders and focuses the intention to the socially constructed

nature of management challenges and probl¢Bedton & Stewart, 2002; Haapasaari et20012b) This manner

of problem framing (using structured tools such as causatar@pBayesian network modelling) moves beyond

(KS OFtdSa FyR AYGSNBaGa 2F aGF{SK2fRSNE FyR &AGNAQ

(Clark & Stankey, 2007; Jones et al., 2@{)making it explicit how various individuals and/or groups piece
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learning, but also enhance better and more effective communication as well as the development of more effective

management mechanisms (which include policy, strategies and téCtia®) & Stankey, 2007; Jones et al., 2011)

In the research presented in this thesis, the prototype scetfased approach makes use of causal mapping,

BBNs and participatory scenarioamSDM context. The following subsections present an overview of these tools.

2.3.1. Gausal mapping (diagrams)

I Ol da | f
YI LA | NB

Ozesmi, 2004:44). The use of causal diagrams in problem structuribgemasiscussetly various authors

RAF3INIYY A& |
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Glidza fAGFGADS Y2RSH

2F K26
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(Belton, 1997; e Costa et al., 1999; Belton & Stewart, 2002; Montibeller & Belton, 2006; Stewart et al., 2009)

Diagraphs were first used to depict causal relationships amongst variables defined by stakeholders instead of

researchers byAxelrod (1976) The most common reasons for using causal mapping that is relevant to this

research, is to facilitate the development gétem descriptions, as a means to system structuring, to help decision
iKS L

YIE1SNa (2

decisiorY' | 1 A y 3
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dzy RSNR Gl yRZ RStAYySKHGS
the problem situation and to stimulate new causal thinKiMiguttunen ¢ al., 2017) Causal mapping useful in
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Causal diagrams/maps provide a more formal, yet visual way to carry out problem structuring and are especially

useful as they allow for the identification of critical areas of concern, the organisation of ideas to clarify goals and

actions as well as higgthting of knowledge gaps. Causal mapping is also a process that is particularly useful if the

initial problem statement is veigeneralh ¥

idKS

Aaad8a G KFyR | NB

include issues aroursbuthern African rock lobster figries(Basson, 2009; Stewart et al., 2009)

Table 21. Areas of Causal diagram application and related case studies/publications

Area of application

Publication

Case studies (examples)

Energy

Roberts, 1973

Development of the building and analyses of an eng
demand digraphs using expert opinion.

Urban planning

Bauer & Wegener, 1975

Simulation, evaluation, and conflict analysis in wurl
planning

Policy Axelrod, 1976; Hart, 1977 | Application of mtéhodology to policy areas (case studie

Music Bougon et al., 1977 Theoretical and empirical analysis of the Utrecht |
Orchestra (methodology for organisational analysis).

Decisiorsupyort (Klein & Cooper, 1984 Use of cognitve maps to examine behaviour i

Nakamura et al., 1982
Montazemi & Conrath
1986)

perceptions of individual decisianakers (research wg
games); decisieaupport systems for software dimg of
causal cognitive maps, use of cognitive mapping
information requirement analysis in IT.

LI NI A Odz
complex relationship between different varlab(Belton & Stewart, 2002; Ozesmi & Ozesmi, 208Kamples

(
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A more recent examplEcludesStewart et al. (2009) who describe the possible implementation of an MCDA
process in the context of the fishing rights @dition process in thé/esternCape province of South Africa where

the approach used started with the preparation of summaries of data gathered from workshops as a summary of
clusters. In this process, the maps served as the primary documentation ofrtshaymresults which could be

(and were) fed back to research participants for confirmation of correctness. These maps also provided the
platform for analyses and reflection by researchers and allowed for critical features of the problem structure
aroundrights allocation to be identifie(Stewart et al., 2009)

Acausamapis builton predetermined and defined variables as well as thealamlationship that exists between

these variables. The variables could be physical, measurable quantities such as the amount of precipitation or
more complex aggregation and abstract ideas such as political forces. The person making the map décides wh

the crucialvariables are and then draws the causal relationships among the variables. The strength of these
connectionscanthen be expressedor examplewith a number between +1 and, with the direction of the
relationshipsndicatedwith arrowheals(Ozesmi & Ozesmi, 2004)mportantly for this research, the causal maps

can be made in close conjunction with stakeholders who have unique knowledge of the pB&gzesmi,

1999, 2000; Prigent al., 2008; Stewart et al., 200Btewart et al. (200%how the ease in which the compilation
ofthemapsallowsforh Sl a& ARSYUGATA@ Ay AZ B QUE INBE RS AIOWR 0 8RS
GO2yOSLIia 6AGK y2 AyO2YAYy3 I NDaz FyR gKAOK YI& 0S5
g KAt & lare'tdscEibed & Q & O 2 y @coutljpiag aksh an&which therefore mag associateavith
O2yaSljdSy0Sa LISNDSAYPSR o0& GKS 3INRdZJ 2 0SS 2F FdzyRI
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Figure 21. Causalmap emanating from a workshop in theHawston community during a fishingrights
allocation process in th&Vestern Cape &dopted from Stewart et al., 2009)
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Figure 21. shows an example of a causalgitam drawn using the approached outline by Steward €@09.

The map shows what can be defined as a central theme (concegtd082 y' 3 LIS 2 LitradlitodhS i NA I K
fishers) with the remainder of the map providing an indication for the reasdredheme while at the same time

outlining a new course of action which could be implemented and is followed through the arrows that constitute

the map. Additional interpretationis facilitatedby the classification of concepts concerning driving forces, policy

proposal and goaklated issues (segtewart et al., 2009ut also highlight the possibility of feedback loops in such

amap

Advantages and disadvantages of causal maps

Causal maps have several advantages. These include: (1) the ability to draw feedback (ioskes&887)(2)

the ability to deal with several, often pdgidefined, variable@Kosko, 1986}3) the ability to model relationships
between uncertain variables (by using a little or a lot descriptipttsgko, 1986)4) the ability to model systems

with limited scientific information but where expert and/or local knowledge is available; (5) the ease and speed
with which causal mapsanbe constructed Taber, 1991; Kosko, 1992awhilst reaching similar results with
lower sample sizes when compared to other techniqzesmi, 2001}6) the ease and speed with which many
knowledge sources can be combir{@bsko, 1992aand (7) the ease and speed of qualitatively modelling the

system and the effect of different policy options.

Disadvantages of causal maps include: 1) the encoding into the mapsegparticipants knowledge, ignorance,
misconceptions and bias@sosko, 19926) 6 HUO (G KS LR aaAdADAGE | PHKYARRT &K
indeterminablgKim & Lee, 1998(3) no realialue parameter estimates of inferential statistical tests are provided

(Craiger et al., 1996¢) no regard to temporal component (time) and thus unable to model transient behaviour

within an systenfSchneider et al., 1998; Hobbs et al., 20 an inability to deal with coccurrence of multiple

Ol dzaSa aK2gy o0& 4Gl yRé O2YyRAUGAZ2YAT | yRSomeideetdlA T 9 (K
1998)

Many of the disadvantages of using causal maps can be overcome through the implementation of complementary
methods and tools. As an examdés possible to partly overcome the first disadvantage by the combination of

different cognitize maps constructed around the same question. The combination of maps of many stakeholders
improves the resulting majickerson & Kosko, 1994; Ozesmi & Ozesmi, 20Dé)fact that the maps/diagrams

R2 y20 RSLAOG aoKeéQaé¢ Oly LINLIEEe 0SS OANDdzyroSyidSR
connections are drawn to reflect weight and sign of the causal relationships) as it is easier to follow the causal

relationships between the variablesee Ozesmi & Ozesmi (2004).

For the purpose of the present research, the advantages of using the causal maps far outweigh the possible

disadvantages as many of the disadvantages are not relevant in the context whigdioltie being used.
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Importantly, not only do the causal maps provide important insights into the drivers of change in the SES, but they

also serve as the conceptualisation of the Baydwief network (BBN).

2.3.2 Bayesiarbelief network analysis

Bayesianbelief networks BBNs) also commonly referred to as Bayesiagiworks are models that provide
graphicand probabilistic representations of the relationships that exist amongst variables within a parameterised
system.¢ KS 62 NR W a@l&édroSetett thésabje@iVE firébabilisic yiature of the appro&BiNsare
toolsthat aresuitable for decision analysis under uncertaj@gith etal., 2018)ABb A& RSFAYSR | &
YdzZt GA QI NAF GS Y2 RAglileraetaN. 20 1: 13 &Bjichade Befir@dedaidingdbtrSgalitative

and quantitative components. The ternBB refersto an acycli¢ directed graph of probability distributions
(Nicholson & Flores, 2011; Johnson & Mengersen, 20tP)vas formally characterised by Judea Pearl in 1988
(Pearl, 1988)In the earlyt 990sBBNs becamnportanttools for dealing with uncertaintyThis was becautiee
formulation of efficient algorithms fgorobability computations betne increasingly availabj{@ndersen et al.,

1990; Jensen et al., 1990; Shenoy & Shafer, 1988)mtential for modebpplicatiorshas been increased by the
development of machine d&ning techniquegCooper & Herskovits, 1992; Spirtes et al., 20@tgh formally
characterised their expressive power along with designing an algorithm that allowed for the efficient computing
of probability for a given network structurédguilera et al 2011) Friedman et al. (199&dvocated the use of

BBNs as tools for pattern recognition or classification and showed that these models were able to compete with
structuring methods such as classification trees. Advancesbeavemadean the implementation of dynamic

modelling, showing the change over tiffgiedman et al., 1997)

In general, BBNs aid ecologicatiiaked decisiomaking by providing a tool that is able to integrate numerous
lines of evidenceincluding procesgelated information which stems from both exigjidata and/or expert
judgement(Vais & Kuikka, 1997a; Kuikka et al., 2011; Barton et al., 2012; Haapasaari et al., Zo&Bapre

many factors which motivate the use of BBNs. The graphical nature of the model assists in problem structuring
(Rumpiff et al., 2011xnd through the process of focussing ideas in the development of the model and through a
process of coproduction of the network structui@g. Newton, 2009)promotion of social learninbetween
scientists and use(Pavies et al., 2015Y he use of BREncourage system structure transparefey. Henriksen

et al., 2007and address the interaction between variables and uncertainty expli¢eiyriksen & Barlebo, 2008;
Landuyt et al., 2013)here apmpriate and depending on the purpose of the BBN, options arising from different
outcome scenarios can be explored quigkiainesyoung, 2011) Such an option could include cbsnefit

analyses of alternative scenarios and different managnt interventions to meet agreed objecti&arton et

65461 OOt AO RANBOGSRE NBTSNB G2 GKS Trod GKIG GKS Y2RSamid aadzySa
feedback loops (Barton et al., 2012).

Q¢

[
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al., 2012; Landuyt et al., 2014Furthermore, BBNs provide a framework which can deal with both srdall an
incomplete datasetHamiton et al., 2015)while still applying to large datasets. BBNs¥#am(rom new data

so thattheyalways reflect the current state of knowledge (@xfonova et al., 2015)

When considering fishery problems the approachseeiallyuseful when examining human perspectives
(Haapasaari et al., 2007; Haapasaari & Karjalainen, 2010; Levontin et alyt#i31 djfering the opportunity for

the integration of quantitative and qualitative datdifferent knowledge systems and perspectives into one model
(Haapasaari et al., 2012b; van Putten et al., 20BBNs are also an excellent means of summarising information

in complex system&orrilla et al., 2007)n complex systems (such as fistg&ribere is a high amount of variability

not onlyin temporal and spatial scales in how drivers of change are pergchiteisoandin response to these
changes. Considering thiessinesand the characteristics 8BNs, it would appear the useBBNs in this fishery

system would provide a tool for the knowledge integration and system analysis reghict goes oa step

beyond the purely qualitative analysis of causal diagrams. Additionally, using system thinking approaches (such as
the hierarchy)and the BBN as a method of policy planmimgy present managers with several fundamentally

different future perspectives to consider when planning for the fuf@@stma & Liebl, 2005)

The BN approach has successfully been applied to various disciplines and fields which include artificial intelligence,
medicine, ad epidemiologyPearl, 1988; Haas, 1991a,b; Jensen, 1996; Jensen et al. BENS have been used

in environmental and management problems for more than 20 years, lvat ¢t@me to the fore in the last 10

years most especially in the fields of environmental modelling and integrated assegsigevitiris et al., 1990;

Barton et al., 201Zmith et al., 2018A literature review dBBNs by Aquilera et al. (2011) found that the dominant

fields of application foBBNs have been computer sciences and mathema#ithough the approach has been

gaining traction in environmental sciencesly approximately 4.2% of articleddzo f A a KSR Ay GKS NB A
are from the environmental science3he 19 articles shown ifable2.2 provide examplesand highlight the

interest of the approach.
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Table 22. Areas of BN application and relatd case studies/publications

Area of application

Publication

Case studies (examples)

Surface and groundwate
management

Reckhow, 1999; Borsuk et al., 20
2004; Bromley & Jackson, 20(
Castelletti & Soncik#essa, 2007
Ticehurst et al., 2007; Barton et &
2008; Henriksen & Barlebo, 2008

Water quality prediction, river basin manageme
daily load development models in river estuari
Eutrophication ~ models, water  resourd
management and well field managemn,
assessment of the sustainability of coastal lake:

Ecology and  wildlife

population viability

Marcot et al., 2001; Borsuk et al., 20(
Marcot, 2006

Fish and wildlife population viability under lan
management alternatives, modallj of rare
species under forest plan, characterisation
species risk regarding the forest plan

Fisheries and ecosyster|
based management

Varis & Kuikka, 1997b; Kuikka & Hild

MPPDPT | YY2YR 3
Hammond, 2004; Uusitalo, 2005

Use of multiple environmental assessment mog
by a Bgesian metanodel, Environmenta
uncertainties in Baltic cod, stock assessment m(
uncertainty, BMNriven stock assessmen
estimation of Atlantic Salmon smolt carryi
capacity of rivers.

Climate change

Varis & Kuikka, 1997a

Elicitéion of expert judgement in case studies
climate change impacts on surface water.

Social
fishermen

dynamics q

Haapasaari et al., 2007; Haapas&al|
Karjalainen, 2010; van Putten et &
2013

al yI3SYySyid YSI adNBa

to sustainable exploitation, Atlantic Salm
FAAKSNXSa AY D E A
knowledge to compose alternative managemsg
plans¢ socieecological perptions tothe future
management of Baltic Salmon; Bayesian mod
factors affecting the participation in an indigeno
lobster fishery in the Torres Strait (Indian/Pac
Ocean).

BBN characteristics

BBNs make the dependence or cause and effect relationships between variables explicit. An exampleof this is

situation when arincrease in fish abundance will increase the likelihood of fishing. The relationship between

nodesis representedby the causdinking of nodes using conditional probability tables (CPTs). The use of CPTs is

what distinguishes BBNs from similar model frameworks (Smith et al., 2018). Such causal relationships influence

the likelihood of the outcome stages of the variable ofriegeshown in the BN (Marcot et al., 2001; Ticehurst et

AK2NIO = |

al,2007p Ly

relations (links) between random variables (nodes), and (i) a setlwdlplity distributions for the states of each

z

G8LAOI €

b 4YF18a das 27

'y oA

child node conditional on the states of its parent nodes, and these quantify the strength of each dependence
NB f I { IShith at Kl.A2D38: 453)

The associated directed acyclic graph (DAG) structure is one of the most impoaiaateristicef BBNS. The

DAGdetermines the dependence and independence relationships amongst variables and makes it possible to
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ascertain the relevance or irrelance of variables regarding other variables that are of interest. Connections
amongst variables in the DAG can be serial, converging and diverging with information flowing differently amongst
the three connection types. It is possible to determine theatse relevant to the goal variable when the rules
associated with serial, converging and diverging connections are af@aieitera et al., 2011)The quantitative
component of the BN is a conditional distribution for each variable and allows for the determination of the
strength of the relationships between variables are once the structurebben definedby the qualitative

component(Aguilera et al., 2011)

Various reliability and sensitivity analyses can be carried out on the BBN results. These include parameter and
evidence sensitivity and value, and their results here are various reliability and seasdilyiges (e.g., parameter

and evidence sensitivity analysis, the value of information anafigjh et al., 2018) Carrying out these
procedures aid model selections, comparison, testing and evaluation of the strengttiesfae(see Johnson et

al., 2013 for an example application of these techrég)t These procedures are readily available in most

commercial software.

Advantages and disadvantages oBHs

A complete summary of the advantages of and disadvantage of the IRd®Brovidedby Castelletti & Soncini
Sessa (2007), Uusitalo (2007) and Kragt (2088ine advantages and disadvantages pertinent to the research

presented in this thesiare highlightedhere.

Advantages

BBNs are an excellent way to engage stakeholders, producing a product where knowledge and values can be
incorporated in outputs of various formaBarton et al., 2008)EBN results easily summarise information and is
useful for placing the focus of dialogue on important is¢derilla & Garcia, 2010Yhe process permits holistic
structuring of large etities, the integration of biological, social and economic issues and theateamsideration

of values concerning assumed facts. The uBBMS in a participatory approach addresses structural uncertainty

as it elaborates on alternative influencilagtors and causaliti€slaapasaari et al., 2012)ew data or knowledge
requredto understandhe systenrbetter can be identified through the model development prod&ssith et al.,

2018)

Nodes in theBBN that are modelled using a probability distribution enable estimations of risk and uncertainty
(Uusitalo, 20@). The probabilistic representation makBBNs an appropriate tool for the modelling of
environmental systems since it can address uncertéigman et al., 2001; Said Ghabayen & Kemblowski, 2004;

McCann et al., 2006; Henriksen & Barlebo, 2008; Wang et al., 2009; Haapasaari & Karjalainen, 2010)
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BBNs are also able to quickly and efficiently model complex sysiitives a large number of variabléSetoor et

al., 2004) Should an exact solution be unavailable, algorithms that utilise deterministic approximation methods
or simulation modelling techniques can deliver approximate solufidgsilera et al.2011) Missing values in

input data carbe addressetby the BBN and the resultingnodelpredictions built from thenf\WWoody & Brown,

2003; Nadkarni & Shenoy, 20@zbay & Noyan, 2006; Uusitalo, 2007; Axelson et al., 2009; Bressan et al., 2009)

Haapasaari et gR012ayeport thatBayesiarbased influence diagrams are a useful tool for formalising the nature

of policy problems asell as to demonstrate the different views and priorities held by various stakeholders. Their
BBN can provide a base for a large amount of information (from various data sources) while maintaining simplicity
and being easy to understand. It allows fe@ large entities to be structured holistically as well as the integration

of biological questions with social and economic issues and the explicit consideration of values concerning assumed
facts. Haapasaari et a012a)urthermore hold that employing the participatory approach in tt@NBorocess
addresses structural uncertainty as alternative influencing factors and causalities are expanded, thereby providing
a platform that allows for the effects of management measorethe system to be considered. This approach
turns the attention to the logic that is used by different stakeholders in reasoning and shows where management
problems are seeassimilar or differen{Haapasaari et al., 2012ayhe associated conditional probabiliples

could also provide managers with valuable insight when assessing options for management afiilerretsl.,

2013)

Disadvantages

Mastering the approach can require #amtensive training; although commercially available software such as
bSGAOlInu R2Sa 2FFSNI SEGSyardsS Gdzi2aNALFf & |BIRared I O1 INZ
not alwayssuitable for dealing witllynamicsystemswith large amounts ofariablesas the computational burden

required to solve probabilistic relationships increases exponentially as the number of variables ifgaretias

& Garcia, 2010}t remaingmportantwhen defining the BN structure to consider the network complexiBarton

et al., 2008as the knowledge required to parameterise the BBN grows exponentially as the number of parent

root) nodes (and associated states) increases. The network building process and estimation of the model
parameters require more data as the number of variables is incrédsecccuracys tobe maintainedPradhan

etal., 1996; Tremblay et al., 2004; Ordofiez Galéan et al.,.2009)

Application oBBNs to fisery contexts

To understand the social complexities that exist in fisheries resources a good undersisndimgjredof
motivations, values, interests, concerns and constraints of resource users who are either directly or indirectly
dependent on the resaae. Also, is requiredhat one looks beyond competing views of different user groups in

order to consider internal differences between various stakeholders as they are not homo(f@rmsiiss et al.,
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1998; Agrawal & Gibson, 1999; Brown, 2002; van Putten et al.,. 2G%8ure to take group (stakeholder)
heterogeneity into account when making management decisions may result in inequalities and cohfliet a

ultimate undermining of fisheries management policies and reguléleis & Felt, 2000; van Putten et al., 2013)

Although they have significant impacts on management outcomes, fisher behaviour and participation are
generally not well understoofvan Putten et al., 2011)an Putten et al. (20)}3ound smalkcale rock lobster
fishing in the Torres Strait in the Indian/Pacific Ocean to be influenced by social and cultural drikiensstudy

it became essential to capture the complexity of value gystsince theewere drivers of economic activity and
resource consumption. In a study of 8E®n Lihir Island, Papua New Guirleambacher et al. (200ghowed

that complexity musbe capturedn models that describe decisionaking and behaviour. Should the model only
place focus on measurablariables there is a risk adin oversimplification of the relationships and interactions
between the social and ecological domathsjr studies highlightedhe difficulties of incorporting qualitative

knowledgge.g. Dambacher et al., 2007, 2009, 2@4Bxandridis et al., 2017)

The definition of a problem is the first step in any modelling exercise, inclgihgdBstruction.n the context of
the present research, this problem identification process is an ongoing process which does nke jpltda
within the context of the BBN development. The problem identification process is rather initiated within the causal
map development process andueto the iterative nature of the research (workshopg carried through to

both the BBN and scenario planning processes.

Defining the problem is best achieved by including stakeholders from the beginning of the process so that the
active participationand acceptance of the final product is assurestakeholders are also able to provide
information about interests, concerns, perceptions, data to name alféfferent stakeholders value and opinions

have been effectively shown usiBBNs in the contextf fisheries managemerit | I YY2yY R 9 hQ. NASyY
Levontin et al., 2011; Haapasaari et al., 2Q1B_Ns can capture behavioural complefftgarl, 1988lthough it

is dfficult and often impossible to measure the magnitude of the interaction strengths of all the variables in the
system to acquire deterministic relationships. General observations, defined by uncertainty, can provide
gualitative information about variabl@teractions(Dambacheet al., 2007) Levontin et al. (2011) show the
importance of the inclusion of sociological information such as the quantification of uncertainty about the fisher
commitment to management policies while highlighting the link between commitment andrmaptation
success in other BBl modelling approaches. Stakeholder commitment, from a modelling perspective, is
associated with implementation uncertainty. Levontin et al. (2011) view implementation uncertainty as for the
difference between desired and fesd fishing effort. Levontin et al. (2011) use a probabilistic management
model to evaluate potential management plans for the Baltic Salmon fiskes¥riure 2). This is done by
drawing on several scientific studies (biological stock assessméhtsntggrated economic analysis of

commercial fisheries, evaluation of recreational fisheries and a sociological study that is aimed at understanding
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stakeholdelperspectives and potential commitment to alternative management pldiiNs were aimed to be

used to synthesise and evaluate the robustness of management decisions to different priorities and sources of
uncertainty. The process followed shows how research from varying disciplines and scientific disciplines could be
combined b allow policymakers to take stakeholders perspectives into account @8hts. Lastly, the approach

can quantify the impacts of a source of uncertainty as well as highlight gaps in system knowledge.

Management decision [¢— Management objectives

Total profits

Recruitment strong river

Biological

Figure 2.2. The BBN for Baltic salmon managemehhis BBN was constructed to synthesise findings from
separate studies that aimed to evaluate management strategies for Baltic Salmon fisheries. The BBN is used
as a decisiorsupport tool to help discern the interactions between uncertainties, scenariesd diverse
stakeholder interests. Rectangles represent decision nodes, oval nodes are random variables, and the utility
functions’ are representedby the diamondshaped nodes (adopted frorhevontin et al., 2011)

2.4. Introduction to scenarios and these in environmental studies

Our present era, characterised by uncertainty, change and innovation, places an increased emphasis on scenario
planning technigues due to its usefulness in uncertain and complex sygteraset al., 2013)Scenario planning
stimulates strategic thinking and helps to overcome thinking limitations byrdfaéian of multiple futuregAmer

et al., 2013)Initially rooted in operationsesearch, scenario planning was first developed in World IVdad
subsequently elaborated upon in the 1970s in corporate strategic plaf@mapwin &Wright, 2004; Oteros

Rozas et al., 2015 he consideration of multiple possible futures holistically assists in future planning and while
significantly enhancing the ability of various stakeholders to deal with uncertainty. Scenario planning helps us to

prepare and innovate for the future, @ excellent way to question the future, provide a real picture of the
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environment, highlights several trends and events in the future and presents complex elements together into a

clear, systematic, inclusive and plausible maijAerer et al., 2013)

51 42NDa [ I 4Bator21¥96xinks3hat@hdAitaz\cBnnot be studied because it does not exist. The
creation of scenarios as a method of dixi support in policy making is more about ideas of the future and not
the future direction An alternative and preferred future can and should be envisioned, invented and evaluated
on an ongoing basifiller et al., 2013) The scenario development process can aid fishers in considering
permutations of possible futures and pathways to those fut{@w et al., 2015)It can also help preseday
decisioamaking by providing necessary strategic direction for both fishers (on the smallest scale) and policy
makers (at the much larger nationatade). Scenarios are also valuable tools to help move resources

users/stakeholders away from the problem space to the solution space.

A scenario presents a logical, internally consistent and conceivable description of a potential future system state
(Heugens & Van Oosterhout, 200The ainof scenario planning exercise$o articulate numerous alternative

futures in a manner that spans key sets of important uncertainties, using both quantitative and qualitative methods
and data(Peterson et al2003a; Swart et al., 2004; Kok & Van Delden, 2009; Carpenter & Booth, 20453rio
planning is a strategic, exploratory and deliberative planning process used to find innovative and robust solutions
that aim to address futures that are both compied uncertair{Bennett et al., 206a) Scenarios are considered

to be a valuable tool that helps organisations prepare for possible eventualities and makes them more flexible and
innovative(Amer et al., 2013)Scenarioplanning i« method that facilitates the inclusion of diverse stakeholder
groups who hold different views in order to construct explicit fetarodels by developing narrative or images

aimed at reorienting collective action®ennett et al., 2016a)

Scenario planning methodology has besedincreasingly over the past ten yeassmer et al. (2013)old that

prior research has shown that there is an association between the adoption of scenario planningiéschn)
uncertainty, unpredictability and instability of the overall system. The increase in uncertainty within complex
systems has highlighted the importance of the identification of future trends and landscapes to affect the changes
needed to guaranteerellbeing. Scenarios canpiinciple be developed for any time frame but are more useful

over the longer term (2025 yearsjMartelli, 2001)

On a large scale, the IPCC Working Group Il AR 5 &§itiChapter Twolotes that the use of scenarios is a
vital tool for addressing uncertainty in climate change impactiptieds. The report also highlights that scenarios
serve a variety of purposes which includes informing decision making under uncertainty, scoping and the
exploration of poorly understood issues, and the integration of knowledge from diverse knowledgeslom
While scenarios are widely used to mitigate the impacts of climate change, there are fewer studies that report on

the use of scenarios as a participatory tool to enable adaptation deafg&img which is an important motivation
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for the research m@sented in this thesisEvaluations of scenarios and modelling of biodiversity and ecosystem
services that will be completed in the implementation of IBRESCctive 3 (€ is not only expected to result in a
comprehensive guide for various stakeholdett will also aid in the promotion and facilitation of further
development and uses of scenario tools and methodold¢ffBES, 2016)The IPBES scenario and modelling
assessment aim to establish the foundations for the use of scenarios and modeldtiesaatider the IPBES with

the purpose of providing insights into future socioeconomic development pathways and policy (FisES,

2016) This foundation is being used to provide the necessary guidance needed to evaluate alternative policy
options byusing scenarios and models. This includes multiple drivers of future impacts; the identification of criteria
by which the quality of scenarios and models may be evaluated; ensuring that regional and global policies are
O2YLI NI} of SQI oM stakehdlersizi varBus scaleE; thé iyidlddrntation of cagaailing
mechanisms in order to promote development and the use and interpretation of scenarios and models by a wide

range of policymakers and stakeholders.

Using scenario planning flangterm planning and strategic foresight facilitates quicker adaptation to major
disturbances and chang@garum & Melo, @10) Future uncertainty increases as we move from the present and
into the future. Figure 3KA 3Kf A3KGa GKS ¢gARSYyAy3d aaOSylFINx2 02yS
LRaaArAoAf AGASaD I 0K2dAK 2y am, thiskdoeBrt exclada thelpassibiity o F dzii d.

and probability of various multiple futures.

8 The intergovernmental scienegolicy platform on Biodiversity and Ecosystem services is an (IPBES) is an intergovernmental body
established to assess the state of biodiversity and of the ecosystem services it provides to society. The IPBES dhes netvw@search

but rather enjoins scientists and other stakeholders around the world to review and assess recent scientific and tefdmizdian that

is produced in relation to the understanding of biodiversity and ecosystem services. The IPBESdrasfdiactions; capacity building,
knowledge generation catalysis and assessment and policy support. Four objectives are qefapatity building and knowledge
foundation, regional and global assessments, thematic and methodological issues and mioation and evaluation.
(http://www.ipbes.net)

9Directive3(c);d L2fAOe adzZllll2 NI (22fa IyR YS(iK2R2t23A8a T2N a0SyIFNA2 |yl &
on a fast track assessmdnty’ R IcdzhtdR/Bnéw.ipbes.net/work-programme/scenariosind-modelling
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Figure 23. Scenario cone showing multiple possibilitiedere the widening conelso signifies the broadening
of the realm of future possibilities The various facts whichare generally able tanfluence the direction of
the future development are also showfadopted fromAmer et al., 2013)

Pierre Wack, whose two papdks/ack, 198%,b)are widely cited in the scenario planning literat(Bairt, 2010;
Durance, 201Q)has presented scenario building criteria based on thre@ mnciples. These include the
identification of predetermined elements in the environment, the ability to change the mindset in order to re
perceive reality and the development of a macroscopic view of the (business) envirg@memtet al., 2013)
Predetermined elements are past actions and events that have already occuarsllikely to occur. Itis critical

to unfold the consequences of these events because they act as the drivers that push o(#coprext al., 2013)

Role of scenario planning in environmental studies

An increase in scenario planning in environmental research over the last 25 yedos ateiputedto several
apparent benefits. Tse include the ability to foster complex laiegm thinking that allows for the dynamics and
sustainability ofSES to be exploredOterosRozas et al., 2015)The adaptability and accessibility of scenario

planning might also explain this trend.

The scenario planning process is often comee with influencing decision makirfg/ollenberg et al., 2000)
Influencing decisiomakingmeans that there is a potentially wide range of implications for various groups of
stakeholders. Consequently, scengianning undertaken in environmental research and in the management of

natural resources has in recent years, become more participatdsgd in a participatory mannescenario
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planning can involve local communitiegivisaging futures for SES andtientify actions and policy required to
increase resilienc@Valker & Salt, 2006; Wesche & Armitage, 2014; Bennett et al., 2@Bga)volving different
stakeholder groups that have both influence and interest ir8B&8ncludinghose potentially most affectedThe
approachencourages social learning, innovation and action in order to achieve the stigglgoalgBohnet &
Smith, 2007; Kok et al., 2007; Butler et al., 2014a, 2015; Bennett et al.,.2016a)

Walker et al. (2008uggest that scenario planning is also a valuable tool in the examination of the qualitative
advantages and disadvantages of likely and desired futurergzeaa well as the potential policies and actions

that are required to adapt to or to mitigate agaipsissibleoutcomes. A perceived lack of rigour may be viewed

as a weakness of the toalthough this is more often than not compensated for by theto® | 6 A f A& (2
distinguish and explore socitological feedbaskand potential surprises which are often not adequately
represented in conventional guantitative modelling approacfigennett et al., 2003) The ability to address
feedbacks and surprises are cdased to be fundamental when managing for sustainability in con§#es(Kok

etal., 2004; Walz et al., 2007)
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Table 23. Examples of published scenario research and associated areas of application

Area of application

Publication

Case Studies

Terrestrial resource
management

Evans et al., 2006, 2008; Dowsley et al.
2013

Practical ways for communities to deal with future
change, the use of future scenarias a tool for
collaboration in forest communities and the
development of community capacity for natural
resource management

Conservation and

Daconto, 2007; Daconto & Sherpa, 201

Scenarios as a participatory decision-toabe study

development in Kathmandu, application of scenario planning tc
park and tourism management in the Salormantt|
national park, Khumbu; Nepal

Community Rawluk & Godber, 2011 Widening the scope of scenario planning in

development communities toencourage greater participation
and learning in Ukupseni, Panama

Adaptive Hamilton & Thekdi, 2013 Use of scenario analysis for adaptive manageme

infrastructure of natural resource and infrastructure systems

management

Disaster risk Birkmann et al., 2013 Senarios for vulnerability: opportunities and

management constraints in the context of climate change and

disaster risk

Terrestrial and Maring

Peterson, et al., 2003b; Palomo & Matti

Scenarios as tools for conservation; protected are

conservation Lopez, 2011; Evans et al., 2013; Hawar{ management under the ecosystem services
al., 2013; Palaciedgundez, 2013 framework (casstudy from Southwestern Spain);

Climate change impacts, adaptation options and
outcomes for the Great Barrier Reef; Climate
change scenarios and marine biodiversity
conservation; relevance of local participatory
scenario planning for ecosystem management
policies, case study from Basque country, Northe
Spain

Biodiversity Sala et al., 2000; Gude et al., 2007 Global biodiversity scenarios; biodiversity

assessments consequences of alternative future land use
scenarios in Greater Yellowstone

Management and Brown et al., 2001 Use of scenarios in tragaidf analysis for Marine

protected areas protected area management.

Ecosystem services | Kok et al., 2004; Carpenter et al., 2006 | European and Mediterranean scenaiagoscaling

(ES) and their local to regional contexts, an overview of

relationships to Millennium Ecosystem Assessment scenarios fo

human welbeing ecosystem services

Landuse changein | Jessel & Jacobs, 2005 Land use scenario development and stakeholder

general, but involvement as tools for watershed management|

specifically within the Havel River Ba

desertification and

land degradation

2.5. Participatory scenario planning (PSP)

The rationale for involving stakeholders in scenario planning follows both normative and pragmatic arguments.
Many of these relate to processiented results that emerge from broader participation discoufSeinger et al.,
2006; Butler et al., 2013, 2019}his is done to empower stakeholdéReed et al., 2013%imulate innovation
(Butler et al., 2013)mitigate conflict{Kahane & Van Der Heijden, 2QX&)courage social learniifgolkery &

Ribeiro, 2009and integrate different types ofscientific and local knowledge, perceptions, expectations and
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aspirationgBohnet, 2010; Von Wirth et al., 2014PSP is solutiasriented and not only aids in the increase of
adaptive capacityKahane & Van Der Heijden, 2012; Carlsen et al., BOL3Jso in the identification of policy
recommertations for sustainabkBohensky et al., 2011; Palomd&rtin-Lépez, 2019nd adaptation pathways
(Butler et al., 2014bPSP can also produce information on how stakeholders may respond to future challenges
and thus contributes to the management decision making through a process to a better understanding of
complexity INSES. A PSP is also abldaallitate the mobilisation of stakeholders to respond to new threats or
opportunities. Complexity thinking (seen dseglaspect of resilience) is also generally increased when engaging
with PSKBiggs et al., 2015b)

Opportunities and challenges in conductingrticipatory scenario planning (PSP)

OterosRozas et al. (201%) their review of 23 PSP exercises identified opportunities and challenges within the
context of three themes: (1) the usefulness of PSP to participants and researchers, (2) the contribution made by
PSP to the decisianaking process and (3) the common methodaal challenges for PSFhe following

highlighssome important aspects that are pertinent teetiresearchpresented in this thesis

The wefulness of PSP to participants and researchers

The engagement with stakeholders in this type of researcbristructive as it contributes toward improving
equality and quality in environmental decisioraking thereby improvingts legitimacy. The involvement of
stakeholders in research processes through pldizestd PSP projects provides a voice to multgnsgectives of
socialecological futures, leading to a potential reduction of power asymmetries and allows for more equitable
decision making. Stakeholder involvement can also potentially increase the legitimacy and acceptance of policy
options by the vaous stakeholders involved in the procegBeterson et al., 2003a; Bohensky et al., 2011a,b)
Peterson et al. (2003a) outline three case studies where scenario planning was usqulanring of business,

political and ecological contexts and report on how the scenario planning process in these case studies positively
influenced decisiomaking. This is especially true in the case of the Shell oil company where the scenario planning
process resulted in the adoption of business strategies that were contrary to the consensus opinion of the day but

resulted in growing Shell into a global company.

Bohensky et al. (2011), considered scenarios to be necessary for simulating futuraskémgirgarding climate

change and its influence on the Great Barrier reef in Australia where the use of scenarios fostered communication
amongmany stakeholders (mostly sciergjstin a case study in Milne Bay in Papua New Guinea, they used
scenariostG ELX 2 NB SO2(2daNAAaY TFdzdidNBar O2yRdzOGSR | aK2 N
after the scenario planning and found that perceptions regarding major drivers of change did occur. This created
anincreasedwareness dhe drivers othange and associated procegbes occur at broad temporal and spatial

scalegogether withthe need for longerm planning. The inclusion of knowledge and information from a diversity
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of sources can lead to an increase in the quality of the scelaaibgolicy optiongHill & Williams, 2010; Palomo

& MartinLopez, 2011; Ravera & Hubacek, 20hhpvative strategies and opportunities follaboration among

multiple stakeholders can alde identified(Butler et al., 2015) In the mainstreaming of future uncertainty into
decisionmaking for community development in the Nuse Tenggara Barat province in Ingénésla S K2 f RS N&
awareness of the lat and global drivers of change and thraatgether with theneed to plan for such changes

was increased through the implementation of the PSP pr@Betier et al., 2015, 2018} ollective reflections and

discussions of potential policy options to deal with current and futu@ES wee also made possible. Lastly,

LI NI A OA LI y (i aSESwsemhandes, Gnd i/becaryepossbe to integrate their qualitative, context

specific local knowledge of the system while engaging with participants with issues surrounding uncertainty,

surprises and contradictioi®terosRozas et al., 2013; Butler et aD14b)

PSP content and outcomes contribution to decision making

The ability to bridge multiple knowledge systems allows PSP to bring together and produce new knowledge for
environmental decision making and can lead to enhanced environmental detisking in a context of
complexity. Case studieBPSP included in theviewby OterosRozas et 82015) accomplished this in two ways:

(1) by the exploration of complex soeaiblogical tradeffs and (2) the creation of novel solutions. PSP has
denonstrated that it is an area where multiple knowledge systems interact-tweate new understandings of
present situations and build shared visions of possible future developnigmitsis demonstrated by case studies
using PSP to envision the futurdrahshumant pastoralismg(livestock rearing system) in Spain, to develop and
refine scenarios for the future of the UK Uplands and in protected areas using the ecosystem services framework
in the Dofan&E$ southwestern SpaiPalomo et al., 2011; Oterd¥ozas et al., 2013; Reed et al., 2(R3P is

also able to provide a platform for the coproduction of synthetic sedialogical knowledge and the-design of

new environmental strategies as it enables communication and interaction amongst stakefidiaitirsLopez

& Montes, 2015which can move beyond simplistic witn assumptionfDaw et al., 2015)This is demonstrated

by a case study of a fishery system in Mombasa, Kenya where important drivers and dynaraiceffoeptual
framework, secondary and modelled responses from the Ecopath with Ecosim model (developed using a
participatory modelling approach) were combined into four scenarios and introduced to primary stakehotder well
being focus groups and secondsigkeholders in participatory workshops. The potential of the approach is that

it increases the awareness of tradffs, promotes discussion of what is acceptable, and can potentially identify
and reduce obstacles to compliar{@aw et al., 2015)PSP acknowledges the diversity of ecosystem services as it

explicitly considers tradeffs around then{OterosRozas et al., 2015)

In principle PSP eaddress critical aspects of governance such as the influence of local varglelmbf change,
centralised government vs collaborative governance, fragmented weak governance with and without innovators

and community vs nedliberal orientatio(@terosRozas et al., 2015 he fact that governance dimension was
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included in half of the case studies reviewed by Ot&ozas et al. (2015) supports this view. The PSP also helps
place the focus on plausible futures in order to facilitate the discussion of concrete actions, strategiesand poli
options using various bodies of knowledge and diverse stakehdldems et al., 2015) The PSP process
contributes data (knowledge) on changes that are experienced at the local scale and the possible impacts of various
futures. Thisis useful in achieving an improved and holistic understanding of current and possible future system

conditions and dynamics at varidasal, regional and political scal@itler et al., 2014a)

Challenges and Potential solutions

The review bterosRozas et al. (201Bs identified four main challenges in conducting PSP. The firstssaten
between explorative and normative analyses. In their review, the explorative approach to PSP was the most
reported approaclalthough many scenario names suggest that normative judgements have also been seen to be
important. Normative scenarios atiestinctive in the portrayal of the future &8should bé&and they can inform

policies by providing images of landscapes (system states) that would be able to meet soci€¢idhgraler &

Corry, 2004) Value judgements play a role in the generation of choices, and the review suggests that it would be
beneficial to more explicitly discuss and present such y@ioees in scenarigeneration. This becomes
significant as the majority of scenarios in the reviedBrosRozas et al. (201&)ere fundedand conducted as
sustainability science projects which are not valued neutral but rathesystainability. These projsdhus have

a specific normative framework that is assumed as opposed to being specifically articulated.

Valueladen discussions are typically emotionally charged discussions and require a lot of effort and skill on the part
of the facilitator. StakeHder diversity and inherent power dynamics can be challenging and often require that a
large amount of investment in facilitatidve made(Butler et al., 2015) The PSP is typically constructed using
previous research within the study region which resulteénidentification of multiple stakeholders impacted by
regional dynamics resulting in a diverse stakeholder gi@ierosRozas et al., 2015)Some groups of
stakeholders such as indigenous people and industry representatives, do tend to remain absent from the process.
If the aim is caconstuction of future scenarios, it is highly recommended that not only a systemic identification of
stakeholders relevant to the SES take place but also the matching of diverse stakeholders and actors to take part
in the PSKROterosRozas et al., 2015)

Communicating PSP results is another challenge identified from the review. It is a requirement that engagement
with a diverse set of stakeholders take place and communication requires careful thought and considerable effort.
The authors recommend usinyelrse types of outputs to enhance and improve communication. Using different
outputs often include using standard scientific outputs such as technical papers and reports as well as outputs that

incorporate arts such as posters or videos. Artwork cammigtserve as a tool for the communication of PSP
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results, but it can also be used as a tool for facilitating communication among different stakeholder groups during

and after the PSP procd§3terosRozas et al., 2015)

Classification of scenario planning methods

No single approach to scer@iplanning exists, and a review of the literature reveals that there are several
methodologies used for the generation of scenarios with many common characteristics among@akeph,

2000; Chermack et al., 2001; Bradfield et al., 2005; Varum & Melo, Zx¥)ario planning has traditionally been,
and often still is, a practitionadriven approach.Chermack et al. (2001), Bradfield et al. (2088) Keough &
Shanahan (2008jave reviewed various methodological approaches and guidelines scenario building literature.
Bishop et al. (2003)so studied more than a dez techniques used in scenario planning and pralidenment

on the utility, strengths and weaknesses of the various methodologies.

Scenario typology and generating techniques

Borjeson et al. (2008lggest a scenario typology with three main classes of scenario studies. This clagsification

basedon principal questiosthat users may want to pose about the future (See Figdien?. Table 2):

1. What will happen?
2. What can happen? Moreover,
3. How can a specific target be reached?

An increase in resolutida attainedby allowing each category to contain twiffetent scenario types. Theaee
determinedby usingdifferent angles of approach to the questiatefiningthese categories. In addition to the

principal question asked, two more aspects of the system bhausbnsideredvhen characterising scenarios:

1 The concept of system structugeonsider the connections and relationships between two distinct

parts of the system as well as the boundary conditions which govern system development.

2. Distinguishing between internal and external factanternal facorsare controllecby actors in the

system and external factors are outside the influence of the actors.
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Scenarios
Predictive Explorative Normative
Forecasts What-if External Strategic Preserving Transforming

Figure 24. Scenario typology with three categories and six types (adopted fidérjeson et al. 2006)

Table 2.4. Combination of techniques in the phases of scenddeelopment. Note that all techniques can
be used in several phases but only their main contribution is mentioned in this tabl#gopted from Bérjeson
et al., 2006)

Scenario types Techniques

Generating Integrating Consistency
Predictive
Forecasts e Surveys e Time series analysis
o Workshops e Explanatory modelling
® Original Delphi method e Optimising modeling
What-if ® Surveys e Explanatory modelling
® Workshops e Optimising modeling
e Declphi methods
Explorative
External ® Surveys e Explanatory modelling ® Morphological field analysis
® Workshops e Optimising modeling e Cross impact
e Delphi modified
Strategic e Surveys e Explanatory modelling e Morphological field analysis
e Workshops e Optimising modeling
® Delphi methods
Normative
Preserving e Surveys e Optimising modeling e Morphological field analysis
e Workshops
Transforming ® Surveys e Morphological field analysis

® Workshops
® Backcasting Delphi
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Predictive and normative scenariage discussed in more detail as these are the two scenario typologies that

underpinned the researgbresente in thisthesis.

t NBRAOGAGS aOSyINA2a FGGSYLIWG (G2 FyasSNE aoKIFG O2dA
GoKIFG AFeé aOSYylINRA2AO® ¢CKS 2@0SNItf FAY 2F | LINBRAOI
future prediction enare that this type of scenario is closely related to probability and likelihood as the prediction

relates to the estimated likelihood of the outcorfi&irjeson et al., 2006)

Predictive scenarios enable the possibility of planning and adaptation to situations that are expected to occur with
reasonable certainty. It is useful to decisioakers who need to deal with foreseeable challenges and take
advantage of opportunities.r&lictions are also useful to make decisinakers aware of problems that are likely

to arise if some conditions of development are fulfilBdrjeson et al., 2006)

Predictionsare usually madevithin one structure of the predicted system, i.e. assumed that laws governing
system development would prevail during the relevaeiods Historical data often play aissential role when
outlining scenarios. The focus is on the causalities which lead to an outcome ivisstaganne(Borjeson et

al., 2006)

The Delphi method cdpe usedas a technique for collecting and structuring ideas, knowledge and views from

both experts and stakeholders. The Detplthod recognises that human judgement is a legitimate input to

forecads and predictions and that the collective judgement of several informed people is likely to be better than a
AAYy3IEtS AYRAQGARIZ £ Qa 2dRIASYSyid o ¢KS YIFAY ARSI 27F |
panel of experts on the ches issugHojer et al., 2008)Criticism for the methoiticludes thathe structuring for

consensus results in the loss of valuable informdtitisjer et al., 2008)

The other typology, more favoured for this research, is ntiw@acenarios. Normative scenarios start with
specific normative starting points and the focus of interest it places on certain future situations or objectives and
how they coulde realisefteached. The type of normative scenario that may be usetpbby to this research

is the transformative scenari®&uch scenarios makise of techniques such as backcasting or Delphi backcasting.
The Delphi backcasting method is a combination of backcasting and Delphi study. The first part consists of
formulating images of a future that is targitfilling while thesecondart uses a Delpliike process where experts

are asked to evaluate scenarios in respect of their feasibility and coherence to the defined targeiépésiteyl
roundallows for the prodion of an opportunity that allows for the incorporation of criticism and new

suggestions into the scenaripdojer & Mattsson, 2000; Goodwin & Wright, 2004)

Backcasting views the starting point as a {églel and highly prioritised targehat seems unreachable if

development were to continue the current trajectory. Marginal adjustment of current development will not be
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enough to affect the necessary changes in the system. A break in the trend is necessary to reach set targets.
Typical}, the results of such a backcasting study are several tafigiéiling images of future states which show
a2tddiaAz2zya G2 GKS &a20AS0lf LIN2ofSY dzaAy3d || RAaOdzaa)

type of scenario relates to lofigne perspectives of 205 yeargBorjeson et al., 2006)

Dreborg (1996)inderscores the importance of images of the future as the foundation for the discussion of goals
and decisionmaking in the policforming processBorjeson et al. (200®klieve that the point of backcasting is

to encourage investigations of new paths along which development could take pléjee.& Mattson (2000)
assert that drawig distinctions between internal and external factors are not useful in a backcasting study
ensuring that all factors are kept internal to the backcast can assdgplayingactors that may be crucial to
achieving targets. All solutions are thus kegn and no restrictions imposed by the initial classificgigmeson

etal., 2006)

A problem with backcastinis that it can result in expensive skhaim decisions with lonterm targets or
available options changing before the target is reached (especially when considering &&ey2ar timeline,
typical in scenario planning discussed above). It is rebfand appropriate to select backcasting if the ong
term target is perceived to be more important than the skierm efficiencyof the system and/or when the user

perceives the lonterm target as easy to predi@orieson et al., 2006)

An example of such a backcasting method is the Transformative Scenario Planning process (TSP). The
transformative TSP aims @hange the future collaboratively by transforming rather than adapting in the long
term. The TSP process centres on the construction of scenarios of possible futures with thegbunfhamsadng

the future. Thisinvolves planning by engaging in aigitned process of thinking ahead together with all relevant
stakeholders a then altering actions accordingly and offers a new way to work together to change the future
(Kahane, 2012a,b)The TSP in itsreent form originated from the Mont Fleur scenario planning process in the
early 1990¢Kahane, 1992Before the political transition, leaders from all sectors and sphere of South African
society examined the forces shaping the country and how these forces could be directed to create aysospero
South Africa. Theree-dayworkshops, facilitated by members of the strategic planning group at Siefiiailed

to create a shared understanding of the dangers and opportunities that faced a South Africa in t(@etieon

et al., 2003a) Four scenarios were developed: (1)ds#ich,where negotiations to end apartheid failed; (2) Lame
Duck, in which the negotiated transition is slow, complicated and indecisive; (3) Icarus, in which the transition was
successfubut the new government enacted populist economic policies that led tao@ crises; and (4) Flight

of the Flamingos, in which the gradual improvement in the social and economic status of South African happened

10 ghell oil used adaptive scenario planning process in 1970s in order to evaluaterlondecisionshat allowed the company to
navigate the 1970s oil crisis in a profitable manner that allowed it to become an oil industry (Paderson et al., 2003a)
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as diverse groups worked togeth{#&ahane, 1992; Peterson et al., 2003a; Kahane & Van Der Heijden, @4 2)
scenario creation process appeared to have enriched the negotiation process by creating shared awareness of the
potential pitfalls of transition (such as excessive dpap overly narrow focus on details of the negotiated
settlement and insufficient chang@nprovinghe quality othe transition taovarddemocracy. Figure%s a visual

representation of the logic used in the scengnidsile Figure & shows the posble future paths identified.

Flight of the Flamingos
Inclusive democracy YES
and growth
Are the
government’s
policies sustainable?

| B
],
Icarus \'
Macro-economic
4 2 715,
Is the transition rapid populism
and decisive?
Current YES " _—
Negotiations ame uc;, -
Incapacitated

Is a settlement goverrunert

negotiated?
Ostrich Y a"  Non-represenative
2 governimert

Figure 25. The logic of the Monte Fleur scenarios for a transformed South Africa (adopted from Kahane, 1992)
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Figure 26. Possible future paths identified bthe Monte Fleur scenarios for a transformed South Africa
(adopted from Kahane, 1992)
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The TSP process offers a way for people to work with complex problematic situations that they want to transform
but cannot do so unilaterally or directifhe process is useful to groups/systems that find themselves in sitsiatio

with three principal characteristics: (1) the current system situation is unacceptable, unstable or unsustainable;
(2) the situation cannot be transformed by the people in the system on their own or by just working with
friends/family,and (3) situatia cannot be transformed directly and the actors are too polarised to be able to agree
on anything(Kahane & Van Dereljtlen, 2012) Actors in the TSP transform themselves in four ways

(1) transforming their understanding of what is happening and could happen in and around the; system
(2) transforming their relationships as they work together in the scenario teamldmging empathy for and trust

in other actors(3) the intentions of actors are transformed as their transformed understandings, and relationships
shift and (4) the aforementioned transformations allow the actors to transform their actions and thus thei
situations. TSP consists of three components, all of which must be present to generate transformations. The first
component is a wholgystem team of actors that represent a microcosm of the entire system. The second
component is astrong container wihin which actors can transform their understandings, relationships and
intentions and the third, a rigorous procgahane & Van Der Heijden, 201Zhe TSP process consists of five
steps (Figure 2). These steps include convening a whole systems team, observing what is currently happening in
the system, congticting stories about what could happen in the future, discovering what can and must be done

and finally, acting to transform the system.

Five steps:

1. Convene a team from
the whole system

2. Observe what is
happening Co-Sensing !

\ 5. Act to transform
3. Construct stories the system
about what could \ ¢
happen %

esendcing /
/
\-//

4. Discover what can and
must be done

Sourve; Kabhane

Figure 27. Five steps of the TSPThe processincludesfive stages co-initiating (convening), cesensing
(observing and constructing), epresencing (discovering), and egeatingand ceevolving (acting)adopted
from Kahane, 2012)
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The following is a brief overview of the steps presented by Kahane & Van Der Heijden (2012):
In Step 1, the cnitiation phase of the TSP, a first step is to articulate the theme or concern being addressed,
seeking out allies and mapping of the stakeholders of the system. It then becomes necessary to enrol a team of

people from across the system who want to, and can, infleiéme future functioning of the system.

Step 2, the c@ensing stage requires that the TSP team build up a rough and shared understanding of what is
happening in the system. It is essential for participants to go beyond their own established vieas aiaivg
perspectives on the system and undergo the necessary preparation to have the material to enable the construction
of the stories of the futureThisis done using various methods and data sources which include research teams
and papers, noteworthgtakeholders, industry experts, learning journeys, own experiences, the scenario team as

a microcosm of the whole.

In step 3, the cpresencing phase is the stage where the scenarios of what could happen in and around their
systemare constructed Thisis done using a multitep process and by using various methods (depending on the

group and facilitator). This stage includes identifying and prioritising the driving forces of system change. ltis vital

to search for driving forces behind driving foresshese can be enablers which strengthen the driving force or

inhibitors which weaken the driving force. leissentialil 2 OK22 4SS | ag2N) Fof S¢ ydzyo S

with four being the accepted norm.

The cecreating stage involves the actual story creation when an image of the end state2fy2@rare
constructed It is essential to consider a sequence of events, a causal logic to the story that unfolds between now
and then. Metaphors, images andmes for each scenario muwgt identified Scenarios must be compared to
differentiate better and create coherence between them. The scenarios must be documented in a way that
communicates the work convincingly and engagingly and while demanding amdtipgpreflection, emotion,

and action.

The last step, eevolving, requires stakeholders to start working to transform actively. The activities in this step
usually are not foreseen or planned and may also not necessarily be being part of the soejeatiagsuch, as

they evolve from the understanding and personal transformation of the participants. This transformation in
thinking and the potential this has for charigalemonstratedn this quote from Trevor Manuel (form&outh
AfricanMinister ofFinance and Minister responsible for the National Planning Commission) who said of the Mont
CtSdzNJ ¢{t LINR2OSAA d&XL yauthokt seenaids pishlige this &irdeBRliSed theyn2 6 I Y R
and ifyouhave internalised somethingthgouLIN2 6 | 6 f @ OF NNEB A G0 FT2NJ ft AFSé o

In summary, it is necessary to highlight some differences between the adaptive scenario planningsoicicess
used by Shéland the TSP. Adaptive scenario planning endeavours to anticipate and adapt to futures that seem

unpredictable while the TSP process allows people within the system to influence and transform the system. The
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critical difference between the two approaches is that adaptive scenario planning utilises stories about possible
futures to study what could Ipgen whereas the TSP assumes that studying the future is insufficient and so it also
uses stories about possible futures to influence what could happen. The adaptive scenario planning approach
places the focus on promoting new systemic understanding thisilESP assumes that new understandings alone

are not enough and places additional focus on producing-syetsm relationships and transforming intentions.

The TSP enables people to transform their problematic situation through building strong sibéiactors that
understand the system, one anothand what they need to do to attain a better futuf€ahane, 1992, 1998,
2012a; Kahane & Véarer Heijden, 2012)

2.6. Overarching research approach, design and methods

This thesis, situated within the context of a local marineiSESited in interdisciplinaritywhich is underpinned

by an ovesarching research approach that bridges irtliei chapters. Thisis done to create a holistic and
integrated view of prototyping of a scenatiased approach using SDMTSs in an iterative and interactive process
at the local scale.This sectiorprovides an overview of theverarchingapproach, desiy and methods
underpinning the researchDetails related to the varioysarts of the research (and associated methods) are

provided in each dthaptersThree,Four andFve.

¢2 | RRNBaa Yirye 2F (KS LINBéiSegated $MIVEE adBegsZsiste® v Y Sy { |
problems is required, as oppostmithe more traditional disciplinary perspectivésicolson et al., 2002) By

bridging perspectives and disciplines, one can adequately address such system problems and complex processes
across multiple temporal and spatial scalscolson et al., 2002)An integrative approach is appropriate for

addressing challenges and problems in complex SES. Iméndigtyi presents a valuable approach as a way to

solve problems and answer questions that carreaddressethrough a single method or approa@kewing &

Contributors, 2011) Ommer & Team (2007) and Paterson & Petersen (26h@hasise thatlevelopng new

attitudes methods and solutiongquirenew integrative and transdisciplinary approaches.

2.6.1. Researclstrategy andapproach

Building on my own M.Sc. reseaf@ammage, 201%8)nd recent work in connection with the Global Learning for
Local Solutions (GULLS) project (Hobday et al., 2016; Aswani et ath20dt8))y used a muliayered approach

based on using SDMTs to address responses to change that cause vulnerability in fishery systems.

The research, characterised by an iterative, participative process throughout used an indeetivetstrategy
Contrary to deductive approaches where the researcher generates a specific hypothesis, designing data collection
to test the specific theory, inductive research does not have a specific hypdiesisg & Contributors, 2011)

Data collectiorwas guidedy a comprehensive set of problems (issues) and data used to generate theories or
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better understandings of thee problems.The advantage of usirsgichan inductive research strategytisat it
starts off withoverly broacbpenended questionand isespecially usefii situations where little is known about
the research area and structur@he strategy is alqmarticularly usefulvherewantingto build up an irdepth

understanding of complex situatiof@Sreswell & Plano Clark, 20lNewing & Contributors, 2011).

The ovefarching approach used in this thasiassociatedith a pragmatist worldview. This paigm advocates

the use of mixed methods as a pragmatic way to understand human behaviour with approaches that are more
practical and pluralistic and can shed light on the behaviour of participants, the beliefs that stand behind these
behaviours and the caequences that is likely to follow as a result of these behaviiingnja & Kuyini, 2017)

CKS LIN}Y3IYFGAad 62NIROASGS Ay aK2NIx LXFOSa GKS ¥20
of the question asked rather than the methods, and on the use of multipleodstbf data collection to inform

the problems under stud{Creswell & Plano Clark, 2011:.4Bragmatisnis associateavith mixed method

research as the philosophy is widlveloped and appealing for the integration of approacfdetinson et al.,

2007) The choice ofhe approach followed by pragmatists has linked directly to the purpose of and the nature of

the research questions posed. Research carried out in the context of this paradigm is ofteanpode: with a

WegKI G 62Nl aQ GF OhGA O ddiess fueskonsiwhidh 2aarie clis#iSas tlBlitati8e-oNID K S NJ (]
guantitative,is appliedto the research design and methodola@reswell & Plano Clark, 2011)he ontology

associated with the approach looks at both singular realitid®ere a hypothesis testedand multiple realities

which provide perspective. The researcher cagothe most appropriate data collection method to answer

guestions using a practicality epistemola@reswell & Plano Clark, 2011)lixed methods are the typical
methodology of choice for interdisciplinary research (e.g. Ommer & Team, 2007) as they allow for an integrated

approach to problems in complex systef@seswell & Plano Clark, 2011)

2.6.2. Researcluesign, methods and analysis

A case study design whitocuses on smaikale fishers of the southern Cape is used to develop and prototype a
scenarigbased approach to change in fishery systems. A case study design involves the detailed data collection
Fo2dzi F &aAy3dz I NI YOI &Hh&4m t@ dddtribute io itsuAdersadi@ateyieivider OSa &
theoretical understanding while engendering theories about underlying igblessing & Contributors, 2011)

Case study research is largely observational armhrigcularly goodat building indepth descriptions and
understanding of a specific situation. Case studies aim at a detailed understanding lefotled sase to add to

both broadersystemsunderstanding and broader theoretical and understanding to generate theories about

underlying issuedNewing & Contributors, 2011)

Previous thematic analysis of qualitative data already collected provide insight into stressors that drive change in
theSER Yy { 2 dzil K ! F NInéishédsee Hamimage B mniade £S017a and Chapter Three
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of this thesis). These analyses have provided an overview of broad system interactions but provide limited insight

into the effects of the interactions between different stressomattipletemporal and spatials€aSa 2 F | aYSa
system. Building on this previous research &noligh developing the understanding of the drivers of change in

GKS YIFEINXYS {9{ FTNRY (KS TFTAAKSNARQ LISNARALSOGAGSTI (23
SDMTs in a scario-based approach, the detailed case study for this thesis aims to better understand the southern

Cape marine SES and how SDddiigibute tochange response stratiegin fishery systemdrigure 2 presents

a graphical overview of the methods usedhmitthe context of the ovearching approach and conceptual

framework.
Sustainable fishery-derived livelihoods
(~ Sustainable Fishery systems)
Qo Scenario
< . Improved
3““ Plannlng decision-
E (workshops, Causal making to:
'g Bayesian expert opinion) Mapp|ng
© networks (s.mtall—g.roup Transform
Q — interview,
8 (workshops) /' _ _ === 7 " rzgz\;il?cf) Adjust
/ Cope
Stressors that drive change at various
(Previous research data— M.Sc, GULLS) scales
|
Unsustainable fishery-derived livelihoods
(Unsustainable Fishery systems)

Figure 28. Graphical overview ahe methods used in this research. To achieve more sustainable livelihoods and more
sustainable fishery systems, fishers need to move beyond merefying withchangetowards adjusting and transforming

their fishery systems at various temporal and spatial scales. Using structured dedsio] Ay 3 (22t ax adl 1!
knowledge of stressors that make them vulnerable to change are used in a layeredtivte and inductive approach to

address the various aims of the research.

There are four components to the methodsedin thisresearch (of which more deta#se provided within
ChaptersThree, Four and FiveThefirst one isa qualitative and quantitative analysis of sialD I £ S -whdk & K S N& Q
act as crew in the smatale commercidihefishery- knowledge of stressors that drive change. This knowlisdge

used to refine and reinforce a thematic framework of the stresswasresult in change identified in previous

research (Gammage, 2015). The addition ofthesm@ll £ S F A & K S Nsfodmorg gtaumate ysemsS | £ 2
description and filled a previously identified knowledge dagondly,asual mapping, implementetiroughout

the research area (see Tabl®)2provides the tool to represent the identified variables and their interactions
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graphically and served as a conceptualisation of the marine SES. This graphic representation of the qualitative
& i NB a a 2 owsfe theidetitification bf hidden feedback loops and indirect streddmst immediately
apparent. Thirdly, a workshopping procesms beerused to gather the data required for tH&BN. Thisruns

concurrently with the fourth componen prototypingscenario planning exercise in Melkhoutfontein.

Table & presents an outline dhe specific methods used penapter. Broadly, data gatheregle usedto gain
insightsinto and understandingf the fisheries system or future response strategies. Not all the towns in the
research area were involved in all the research steps, and the @ddigthow each town was involvedlhe
researcher also facilitated all the interactions, with a reseassistant taking notes were appropriat€able 2

presents the timeframes attached to various data generating processes shown in 3.able 2.

Table 25. Sources of data for empirical Chapters

Thematic Theme Gaining understanding and insights in{ Future response tachange
the fishaies system
Methods Chapter 3: Chapter 4: Causal | Chapter 4: Chapter 5: Scenariq
Stressors* Mapping* Bayesiarbelief planning*
networks
Town/Community  from| Mossel Bay, Mossel Bay, Melkhoutfontein Melkhoutfontein
which data was sourceq Bitouville, Bitouville, for construction for construction
and fed back to Melkhoutfontein, Melkhoutfontein, and sensitivity and feedback per
Slangrivier, Slangrivier analysis. Chapter 5

Vermaaklikheid
Social Vulnerability Survey K
(GULLS) (pliminary

feedback)

SemiStructured interviews | K

Thematic (qualitative)| K K

analysis

MDS plots K

Small Group interviews K

(focus groups)

Semistructured Interviews K

Expert Opinion (literature) K K K
Workshops K K

*results ofthese processes fed back to all participants per Chapter Three, Four and Five

ULYRANBOG adGNBaad2NBE 602NJ RNAGSNE 2F OKIy3aS0 W2LISNI 05Q YEMINSt RA W T8z5 Sit &
2005). Within the context of this thesis, im@ct stressors are those stressors which fishers do not normally account for as the interactions
and impacts happen through other stressors.
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Table 26. Data collection timeline

Process Period

Collection of initial stressors data (previous research) July 2013 to February 2014

GULLS social vulnerability survey October; November 2014, May/June 2015 & Octok
2015

Causal diagram group interviews (general feedback| November/December 2016
preliminary GULLS survey results
Workshop One & Two February 2017
Workshop Three (Bayesianetwork: CPTs Feedback or] May 2017

SSFP implementation
Scenario Story Feedback August 2018

Todevelop a better understanding dfivers of changewhich include the identification of feedback loops and
indirect stressors that drive change in the southern Giapéishery- causal mapping used in this thesss a
modelling technigu¢hat aids problem structuringAlthough ausal maps have successfatien appliedn other
fishery contexts in South Afrigag. Belton & Stewar2002; Basson, 200@)ese tooldhaveneverbeen usedvith

the line fishers from the southern Capa.this research context, the BiNargely utiliseds a problem reframing

tool. Following the causal mapping proc#ss,information required for te BBN and scenario construction was
gatheredthrough convening a series of workshops with participants who reside in Melkhoutfohteiriterative

BBN construction process (which included the construction of a weighted hieratitiwg for the reframirg of
guestions regarding drivers of changehe BBNs also provide an opportunity to synthesise the responses from

various participants into one, coherent mo@@hrton et al., 2008; Mantyniemi et al., 2013; Smith et al., 2018)

The prototyping scenario planning exercisieveloped in the present researalses the principles of a
transformative scenario planning process (T@Rhane, 2012a) Time and scalelo not allow for the
implementation of a complete TSP necessitating the implementation of the TSP as a prdRutytplyping also
allows for the refinement and reconsideration of the objectives of the pro@issfield & Jarre, 2011nder
constraints ofime and budget The insight regarding system interactions, dynamics and complexity gained from
the development and use of the SDMTs inform the scenario story development. The finshstariggmthesis

of inputs from the participants overlaid withgearch knowledge and scenario outputs from national scenario
planning exercises related to economic development, social cohesion and climate dhRaedbactkas been

provided to participants the form of short informal interaction and a pamphlet proelddor feedback purposes.

At the core of thedataanalysesipproach usedcross this thesis buildinga narrative account and interpreting
the resultsthrougha mixedmethods approaclitalthough thediscussions andnalysesare more qualiative in
nature) Generally, mixednethod researctprovidesstrengths that offset the weaknesses of both quantitative
and qualitative researchlt has bea argued that quantitative research is weak in understandimgiext, in

providing a voice to researgartidpantsk Y R F2 NJ Ay 2NAy3 GKS NR2tS GKI

CI

KS
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in the research proce¢€reswell & Plano Clark, 20lNewing & Contributors, 2011Qualitative research on the

other hand, while making up for tee weaknesses, is critied forthe personal interpretations made by the
researcheand the ensuing bias created as well as the difficulty in generalising the findings due to smaller sample
sizes. Through using mixed methotliee strengths and weaknesses of both approaches caadbressed

(Creswell & Plano Clark, 2011Mixed methods also answer questions that cannot be answered by either
approach on its owyprovidnga bridge between the quantitative and qualitative, encoimgthe use of multiple

62NI ROASGA 2NJ LI N RAIYA I gRIAAGRSOINFASENBKENILK A SR
possible in addressing a research problélsing mixed methods does have its disadvantegesquires a certain

amount ofboth quantitative and qualitative skillme and resources for extensive data collection and analysis
(Creswell & Plano Clark, 2011)

In Chapter Three, quantitative data from household social vulnerability surveys have been used to better describe
the experiences of a group of stakeholders. In Chatear and Five, insights gained from both the product
(model outputs and scenarios) and the process are discussed. This is accomplished through a careful interrogation
of the data through triangulatiorbetween different data sources and examining them for common threads and
patterns (Newing & Contributors, 2011). Triangulationvhich seeks convergence, corroboration and
correspondence of results from different methods crucial in this study wherédre has been triangulation

within the subject, between subjects and between meth@teswell & Plano Clark, 20liEwing & Contributors,

2011). This means that data has been collected in more than one way and by using different sources. Triangulation
between sources is key in inductive research. A staorning and critique of the approach to data analysis used in

this thesis that the more qualitative nature of the analysis can be seen as being less objective than more
guantitative analyses. However,rttugh careful coding, croskecking and triangulation, one can ensure a

measure of objectivityCreswell & Plano Clark, 20Newing & Contributors, 2011).

The implementation of the overall approach provides valuable information in terms of both veizahisd from

the SES interactions (product) and the process used to develop the tools. The feedback loops, indirect drivers of
change and uncertainties in the local SES are exposed and explored through the use of the causal maps and BBNSs,
thereby enhanceig system understanding. At the safimee, participants engage in an exercise which builds
capacity and enhances learning at the level of the person, household and community of fishers. The scenario
stories further contribute to this capacity buildingfimpviding participants with plausible future options. Viewed
holistically, the implementation of the approach addresses issues of complexity and scale of-ofetisignn

SES specifically within the context of the implementation oé@systemapproachfisheries management in

South Africa.
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ChapterThree

A changing fishery system: perspectives frahe crew in the
a 2 dzil K S NJhefishieryJS Q &

3.1 Introduction

Fisheries arpart ofcomplex sociatcological systems (SES) that exist in dynamic environ(mteer & Team,
2007; Dorner et al., 2014Multiple drivers of change which interact at various geographical scales result in poorly
understood multiscalar change Effective fisheries managementequires significant advances in research
(Ommer & Team, 2007; Sowmatrek, 2013; Dorner et al., 2014articularlyfor the effective implementation

and promotion of an ecosystem approach to fisheries management (&€ & Cochrane, 2005; Shannon et
al., 2010) Difficulties with policy implementation coupled with poor social data availability have made it difficult
for coastal fisheries to achieve sustainabiibgh globally and in Sdh Africa(FAO, 2010; Sowman et al., 2013)
Importantly, improving our understanding of fishery systems is critical when considering-dishemgdent
O2YYdzy A (i A SaestoEmpelzNE NBaLRya

The food security, income and livelihoods of many coastal communities the world over are dependent on the
availability of marine resourcéSA02012 2016b; Aswani et al., 201&redcted human population increase will

result in increased pressure on marine resou(Eé€2012 2016b) with natural system variability and the direct

and indirect effects of anthropogenic climate change adding further strain on marine resources and the coupled
SES(Miller et al., ®10; Hobday et al., 2018\atural system variability, together with anthropogenic challenges
such as poverty, marginalisation of communities of fishers and regulation (to nameadddesjers of uncertainty

and complexity of which a better understading must be developetb ensure effective and sustainable
management ofisheriesand coastal zones whipromoting sustainable livelihoods and wellbeingcobstal
communities which depend on marine resourcéle effects of climate change introduceewnore uncertainty
-warming of sea surface temperatf&STih specifiaegions are occurring at several times the global rate (Hobday

et al,2016) The identification of these hotspafisiobday & Pecl, 2014hd associated biological impacts suggest
that coastal communities adjacent to these hotspots may be even more vulnerable to change than others (Hobday

etal., 2016).

The Benguela Current Large Marine Ecosystem (BOhivtig)icedin ChapterOng isan eastern boundary
current system dominated by coastgiwelling andsa highly productive region that sustaimportant fisheries
for Angola, Namibia and South Africa (e.g., BCC,.208)Agulhas Bank subsystem of the southern Benguela
overlaps with onef the climate change hotspots identified by Hobday & Pecl (2@1glsituated off the southern

Cape coast in South Africa and includes the roughly triangular Agulhas bank, extending approximately 117 km off
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Cape Agulhas within the South African esielieconomic zone (EEZS coastal waters represent the fishing

grounds off the southern Cape for teefishery(seeFigurel 2).

Previous research into stressors that drive change in the southerni@efsherfGammage2015 Gammage et

al, 2017a) identified a thematic framework of stressors using the perspectives from varioggauges (more
ALISOATAOLNT £ & a1 A LILIadcientifigkRowigdgeUsing yemstrustiredikiendeds a2 £ R S N&
focus groups, ata on kowledge ad perceptions regarding stressors traffect § KS FAAKSNRAQ | 0Af
successfully, were gathered. By grouping these drivers of change into majoangedstressors and minor

stressors (Tabfg 1), valuable insights into the déy-day experiencesf fisherscontributeto the understanding

of the SE® the southern Caperhile exposing various knowledge gaps that exist in rsitade interactions that

influence the fishery systenstressors identified e thematic analysimcludethe impactsof and responses to

climate variability, challenges presented by policy and regulatory frameworks, social and economic considerations,

challenges presented by infrastructure, as well as political considerations.

Table3.1. Stressors that drive changetire linefisheryof the southern Cape (from Gammage et al., 201 &tyessors were
divided into minor, midrange and minor stressors. The percentages indicateftbguency of responses pehe total

sample (n=50) who identified the stressors. Stressors identified by more than 80% of the sample were classified as major
stressors, stressors identified by more than 50% but less than 80% of respondents were classifiedrangaidtressors,

while minor stressors were those identified by less than 50% of the population

Major Stressors Mid-range stressors Minor Stressors
Stressor Yo Stressor % Stressor )
Policy & Regulation  92% Enforcement & 76% Geography of area 48%
implementation of
policy
Climate Variation 90% Economic (ito capital) 76% Infrastructure 46%
Other Fishing sectors ~ 84% “Political issues” 76% Social factors 46%
(Inshore Trawl) (amongst fishers &
sector)
Socio-economic 70% Lack of knowledge 44%
(financial planning,
literacy level etc)
Fishing methods 26%
Other Marine Species  14%
(e.g. seals)

Importantly, although the previous research endeavoured to engage with a wide rdmgdisiistakeholders in

the research area, the crew componenasypoorly represented (Gamage et al., 2017a). For this thesis to
effectively build on the previous research, it is important to ensure representation of the perceptions of change in
the southernCape linefisheryfor all user groups. To this end, the research presented in thigechseeks to
addressAim 1 inSection 1.9 by addressing they & ¢ SNJ 2 Wihit &re thedi®érgioh chayige in the

fishery system of the southern Cape from the perspectives of the crew compoaent
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Previous researchy Gammage et al. (201 fa)mspart of thesouthern Cape Interdisciplinary Fisheries Research

(SCIFR) projedmportantfor the context of thishapter,i KA & LIN2 2S00 Qa NB&ASEH NDK G 1 ¢
scales, specifically within the context of theuthern Capenarine SESAt the larger (national) scale, a cross

country comparison carried out by the Belmont Fofidzy RSR LIN22SOlG aDf 26+t ! yRSN
Local Solutions (GUL[s8e Chapter Onéps presentedmopportunity for comparisons among different codsta
communitiesbetween and withirthe different hotspot countries (Halay et al. 2016) For the purpose of this

research, dta collected in the southern Cape foe comparativeGULLSocial vulnerabilitassessmenrdt the

household scaléAswani et al., 201§)resents the opportunity toeanalyg participant responses at fner

resolution To this end, the GULLS social valhiity responses have been reanalysed in the context of the
previously identified thematic framework of stressors that drive system change (Gammage 2015; Gammage et al.,
2017a). By reanalysing the GULLS survey resppitdascomes possibléo supplementand complete the

1y26ft SRAIS o0l asS 2F 7T theekSiNga®nonldsdeFahIRd ihadip@doss reRediO K | y 3 S
insights from the crew are also vitally important as these fistiarthe most vulnerable to change due to their

historicd marginalisatiorand lack of adaptive capac{gowman et al., 2014)n short, the present analyssan
essentiapdditionto previous research (Gammage et al. 2017&dp)ired for both the current (this thesis) én

future researclunder the SCIFR projéato responses to change and system transformation.

As such, the analysis presented in this chaggiecificallypresentsnformation from the perspectives tie fishers
who did not take part in thearlier research but who did take part in the GULLS8skbold surveygenerally
referredd 2 I &  WLJI NI Thésk ard fishérsiwio nioSyNal asyammdiraidishcrewand who have
recentlybeen identifiedassmallscalefishers (Chapter One)lhe results for those survey questions where the
answers displayed a significant variation in responses (i.e. resphasegere not even acrosthe response
categories). The frequency of responses to selected guestions (shown in A@pisdiiicussed and analysed to

gain insights into the knowledgad opinion othis group of fishers.

3.2 Methods

The GULLS projeotaisfocusel on countries adjacent to five of the (mostly) southern hemisphere hotspots
identified inHobday & Pecl (201dpouth Africa, soutiast Australia, Mozambican channel, southern India and
southreast Brazil (Hobday et al. 201®he GULLS social vulnerability project team developed a framework for the
assessment dhe social vulnerability of coastal communities within hotspots acrotsres, oceans and scales

through a countnscale comparison based on standardised interviews (see Aswani et al., 2018; Hobday et al.,
2016) The GULLS household sun#egsried out over a period which overlapped with the reselsgBammage
etal.(20Za)ci 221 LX I OS Ay &Yl f idependént pommunitieswttiphariipadts infind 0 = Y|
industrialised fisheries (Aswani et al., 20R)r South Africa, households who-gadintified as fishergependent

from the towns of Mossel Bay (particularly KwaNongaba), Bitouville, Melkhoutfontein, Vermaaklikheid and
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Slangriviergee Figurel.1) were surveye@Aswani et al., 2018) Table 2 shows key demographic statistics

associatedvith these communities.

Table 32. Key demographic features of the communities in which theHers reside (source: STATS SA Census
2011 data)

Area Population Number  of | Predominant | Predominant | Estimated Number of
Households population first language | number of | households
group fishing surveyed
dependant | (n=59)
households
(n=1112)
Bitouville 32km2 | 515 (1589 206 (63,6 pern Coloured Afrikaans 13 10 (77%)
(Gouritsmond) per km?) km?) (54%) (93%)
Melkhoutfontein | 0,9km2 | 2 533 (2710,J 614 (656,9 per Coloured Afrikaans 35 25 (72%)
per km?) km?) (99%) (95%)
Mossel Bay| 52km? | 27 561| 8791 (16815 Black African isiXhosa (54% 45** 12 27%
(KwaNongaba) (5271,7 per| perkm?) (67%)
km?)
Mossel Bay| 36,8km?2 | 29 887 (813,2 9033 (245,8 peti Coloured Afrikaans (included in| (included in
(greater per km?) km?) (52%) (81%) KwaNongabg KwaNongaba
excluding estimate) sample)
KwaNongaba
Slangrivier 11,4km2 | 3011 (265,1 688 (60,6 per Coloured Afrikaans (96 6 3 (50%)
per km?) km?) (96%) %)
Vermaaklikheid* | 124.0km?| 356 (2,9 per| 99 (0,8 per km?) Coloured™** | Afrikaans 12 9 (75%)
km?)
*Vermaakiikheid forms padf small Emulation area no 1750031
**This number includes fishers active in the inshore trawl fishery. Linefish dependept householg!s are estjmatedgobaaeme%) o )
**18 households initially surveyegiparticipantsvere excludedtom thisanalysish yS LI NUA OA LI yu Qa adaNBSé 41| éfivey 2

participants were inshore trawl crew fishers with no experienceinthesoadf A y STA &8 KSNE ¢
*Unable to givethe specific statistic for Vermaaklikheid proper as the emulation area signifieegeithanahamlet.

The complete South African survey consisted of a total of 253 questions (Aswani et al., 20E33ureyor was

not a native Afrikaans speaketrained translatoassisted with the completion of the survegmaost participants
were Afrikaanspeaking The survey was pitested to ensure the accuracy of the translated survey and to ensure
the survey participants understood the questioAsiswersvere translatedn sity audio recorded, written down

by the surveyor and later transcribed. A total of 65 household sun@gsconductedacross the research area

of which 59 have been used in the present study (see Bable

For the present analysithe survey questions were reorganised to fit the thematic frame(@edcribed in Section
3.1and Table 3identified by Gammage et al. (2017a), with 163 questions being reléapenidi>C, Table G1

The causal diagrasiown inFigure3.1 presents a graphical representation of this thematic framework. Questions
from the survey included in the analysis include questions regarding weather patterns, environmental change,
AYLY OGa 2y FAAKAY3 | YR SEi NS YiSdeshatiPsfoepiiahs of thé Rarit@ NS &

environment.

02 YL ¢
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Inshore trawlk:
overalapping areas of
operation -
-
+
Inshore trawl: +
bycatch
Inshore trawl:
habitat degradation - +

Inshore Trawl: illegal
dumping of by catch

Inshore Trawl: illegal
fishery practices (double
bagging etc)

Figure 31. Causamap showingthe thematic framework and associated interactions identified by Gammage (2015) and Gammage et al. (20C@ahections between
variables are show by arrowsvhere dampening effects are shown in bluamplifying effectsin pink. hteractions which are neither amplifying or dampening are shown

in orange
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To completethe reanalysisof the original GULLS suryayrvey responses werescored This escoring was
necessary as respondents did not keep to the original, coarse response categories of the comparative study. Open
ended guestions were also rescored to reflect response ramgesnew categories which fit the recorded
respanseswere created An example is Q 1.6 where participamtse askedhe average distance that they fished

from the coast. Thiswas an operended questionandthe responses wereescoredto fit the categories that

reflect the range of responséem patticipants The resulting dataset consists mostly of categorical data, with the
frequency of responses expressed as a percentage of the total sampl®) The data from the survey are
supplemented in the analysis by information obtained by the survejoosigh informalconversationsand

through information obtained when feeding the preliminary results back to key informants in a groupgsetti
where conversationgrere likewise recordednd transcribed. Append(TableC2 presents the rationale table

which shovgthe identified the broadand sultheme each questiois alignedwith, the original survey question
number and associated indicator (per the survey design) as well as the rating/scoring method used in the present
study while AppendixC (TableCJ) details which questiong/ere usedin the reanalysis Feeding back the
preliminary results téeyinformants in informal contact sessions also presented an opportunity to clarify unclear
responsesThiswas particularly useful to clarify ambiguous sfiens and served to refine the scoring as presented

in AppendixC(TableC2)

A multi-dimensional scaling (MDS) analifsigas conducted to ascertain whether (1) there was a variation in
response between age groups and geographical location and (2)absvariation in the answers provided by
respondents within geographical areas. This MDS analysis was cartied out using the Gower similarity index in R
(version 3.2.5), to provide insight into the variation of responses per town and age group andvaidatiah per

town.

3.3 Results and Discussion

As mentioned in Section 3the analysipresentedchighlighsthe responses for which there were clear indicators
(questions where there was a majority answer for one or more category). Nomaigrousguestionsvere not
answered by all participantand many answers had an even distribution among the answers with no discernible
pattern in responsedJsing the MDS analystsvas possible to ascertain whether responses to questions varied
per town ofage group (Figure 3.2) or whether there was internal variation within responses per community (Figure

3.3.) Importantly, no clustering patteris seern the plots andthus no separation by community or age group is

NonY SGNR OO Ydzt GARAYSYaA2ylt aO0FtAy3 6ab5{ 0 aAddinktigh basydon adis@rice I NI RA Sy
I a

2NJ RAAaAAYAELFNRGE YIGNREXa5{ FddSYLWa G2 NBLNBaSy(s whidensiohag a St &
a LI On8pb:#mbdis.megx.net/qustame/dissimilarithasedmethods/nmdg. For these types of analyses any similarity or dissimilarity
coefficient or distance measure can be used to build the distance maifrithis case the Gower similarity index has beeadusWhen
interpreting or reading the resulting plots, objects that appear closer together or clustered are likely more similarabarhtt are far

apart (ittps://mb3is.mex.net/qustame/dissimilaritbasedmethods/nmdg. For the MDS plots presented here, each data point represents

'y AYRAGARIZ € LI NIAOALIYyGAaQ NBaLRyaSao
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apparent in these resultsis there$ no differentiation between responses per town and age group, the results

LINBaSyiSR NBLINBaSyid Iff LINIAOALIYyGAQ NBaLRryaSa IO
a summary of the key indicators and responses relating to dexpbgreducation and skills
a. b.
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Figure3.2. MDS plot showing variation in responses in age (a) and town (¥yte no separation by category
Towns included in (b) are BiBitouville, Melk ¢ Melkhoutfontein, Mos ¢ Mossel Bay, Slang Slangivier and

Verm¢ Vermaaklikheid 1soMDS stress value for (a) & (96, 29403
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Figure3.3. MDS plots per community reflectinthe internal variation of responsesccording to age groups
Note the absence of clusters. IsoMDS stress value for Biiite1~13,44301; Melkhoutfontein~19,54759;
Mossel Bay-14,17029; Vermaaklikheiet11,58357 and Slangrivef0
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Table 33. Responses relating to demography, education and skills

Demography
Median Age 49 years
Role 85% crew.

Rest of respondents céie eitherbe classifiedas skipper/business owner/rights holde
No delineation between skipper/business owner/rights holder with some responde

Fishing main occupation & source of incorr

88% active fisherg he emainderof fishergsretired or inactive fishers.

Race 92% Coloured
Education

Entered secondary school 49%
Completed secondary school 0%
'RRAGAZ2Y I T WwalAaft a 3%

Current norfishing skills

49%: Gardening

17%: Welding

12%: none/NA

8%: FirsAid

7%: Mechanics, building, masonry

7%: other (including wood cutting & thatching)

72% othe participants indicated an interest in learning new skills.

Fishing Activities

Distance fromthe coast where fishing takes
place.

10%: offered no response

8%: @ km

14%: & 15 km

17%:16 25 km;

8 %: 2635 km;

22%: more than 35 km

8 % indicated that the fishing range was species dependent

12 % of fishers were unsure how far from the coast they were catching fish.

46% of all participants indicated that theerage distance where fishing takes place
not changed in the time they had been fishing, 14 % indicated they were unsure.

Days spent fishing

37%: 2 3 days a week
31%: 3 days a week
19%: 2 days a week
8%: every day

5%: no answer/response

18%xf fishers offered weather dependent qualifiers.

The aerage length of trip

Average time spent fishing per trip:
6%: No answer/response

9%: 1c 6 hours

46%: & 12 hours

23%: 1224 hours

8%: 1¢ 7 daysdeck boats

8%: More than a weekiéck boats

Weather dependent qualifiers in all responses.

Target species

Top four target species:

Kaob,

Sharks

Redfish

Carpenter/Silvers

No change in therimarytarget species (Kob, Sharks, Redfish) have taken place
pastfiveyears

Access to resources

75%100 many fishers involved in the fishing industry in their community
66%0: too many fishers fishing in the area where they fish
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The median age of thgarticipanty49) suggesian aging cohort with few new entrantsThisiscorroboratedby

oral accounts of some of the respondents and prior rese@emmage, 2015; Gammage et al., 281 The

towns and suburbs in which respondents reside can be classified as previously disadvantagee and
characterisedby lowincome levels, poor infrastructure and high unemployment typical of sisting
communities in South Africa (Isaacs, 2006). Low formal education levels seen are also typical for this community
typology. Respondents are generational fishers of whom few have received alternative skills training (formal or
informal). Where altenative skills training has taken plabelfwere for skills linked to fisheries and the marine
environment. Although many engage in building activities as an alternative income, most had not received formal

artisan training.

Interestingly, only 7 % oéspondents indicated that they had building and masonry skills even though building
work seems to be the favoured alternative livelihood acti@smmage & Martins, unpublished dataljhismay
be due to the availability of building work and the salaries paid for such work. About half the respondents were

not confident that their current skilet wouldadd to their succesautsidethe fishing industry.

Inadequate formal education and skills training limit fishers in several Wdgsonly is access to alternative
livelihoods constrained by educational and skill imitations, but so is degisiking at various scalefthe persm

and household. Although much of the current educational and skill shortages within this group is mostly an
apartheid legacy issue not easily solved, the role of inadequate quality education in previously disadvantaged
groups in poverty eradication in @b Africa is well recognised and in principle, a government development
priority espoused by the national development pidPC, 2011) Unpublished GULLS resiBammage &
Martins, unpublished datahow that a lack of adaptive capacity acrossdigion is a key component of the social
vulnerability of this group gfarticipantsoverall in a situation with limited fish availability (Gammage et al., 2017b).
Improved and alternative skills training mé#yerefore,be the first step in improving thedaptive capacity of this

group of fishers.

Mostparticipantsvho are actively crewing on linefish boats in the area, are not involved in dediglong related

to the fishing business and often not privy to busiretated information. This is apparemhen responding to
guestions that areelatedto fishingbusiness questions (see below). Mostly due to their extensive experience in
the fishery, respondents provide valuable insights intetdagay fishing activities. Although the reported average
distance travelled from the coast to fish was more than 35 km, falip\wonversations indicated that this distance
was often distance travelled froaport, parallel to the coast. Distance and not direction are the most important
consideratiorg, while traveling parallel to the coast may be safer, the distances covered results in an increase in
fuel costs, leading to an increase in operating costs and decrease in profit igisiess do venture further from

the coast when specifically targeting carpensévers Argyrozona argyrozofnan the absence of silver kob

(Argyrosomus indorjisalthough this does present safety concernseamiait being the most economically efficient
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option (Gammage et al., 201 7ad)ocal resource scarcitylimwever,increasinghforcing fishers taliversify their

target species and fishing groundshese decisions are curtailed by physical constraints which include access to
capital and infrastructie challenges(Gammage et al., 2017b; Gammage, 2013jollowing numerous
conversations with this group phrticipantscarried out throughout this research procgée fishery in the area

is currently oversubscribemncerningrew numbersThigs also evident in the survey responses where a majority
KIS AYRAOFGSR GKIF G GKS MsBeryladBe alied @herd'they fish. Fhis dasu NE Q
further corroboratedby prior research where Gammage et(2017a) identified crew boat site shortages as a
probable future stressor. Gammage (2015) documented a high attrition rate of active skifperishery. The
impact of this attrition is an oversubscriptiontbé crew, which contributes to livelihood and income risks. The
implementation of theSmallscaleFsheriesFolicy No 474 of 2012 (SSHBAFF, 20133 expected to serve to
mitigate some of the riss posed tahe crew by skipper attrition througthe empowerment of crew to manage
fishing rights andish processing through eoperatives. This policy, currently in the early implementation phase,
seeks to empower traditional fishing communities totaimsand build livelihoods through the implementation

and management of community fishing rigfgee Sowman, 2011; DAFF, 2012; Paterson et al., 2014, Chapter
Oneé.

3.3.1 Stressors that make fishers vulnerable to change

Stressors in the Natural systefirhe thematic framework identified by Gammage et al. (204ffa)sthat major
stressors identified in the research area include the effects of climate variability. For this research, questions
related to changes in the natural system wissened explicithywithin the context of climate change as GULLS is
concerned explicitiyith social vulnerability to climate change (Hobday et al., 2016, Aswani2éldl). Tables

34, 35and 36 provide a summary of the key results related to climate as a stregbor ik natural system.



Table 34. Responses relating to climateelated cha

75

nges within thenatural system

Weather, climate and perception of environmental change

Weather patterns threaten fishing

46% (yes)

The dmate in their area had changed over time

93% (yes)

Environmental change experienced/noticed

Sea level: Even response recorded; 14% gave no answer|
Rain: 72% (yes)

Wind: 88% (yes)

Air temperature: 59% (yes)

Wave height: Even distribution in yes/no response
Current strength: 61% (yes); 12 % no response/answer
Rough seas: Even distribution in yes/no response

SST: 68% (yes); 24% (no); 8 % no response

Bottom Temperature: 58% (yes) 27% (no); 15% no respo

Saw changes to the marine environment (which chang
not specified)

78% (yes)

Climate change exposure

Awareness of climate change

68% (yesaware)

Climate changed ithe area over time

93% (yes)Period not specific in question.

Perception of safety in current livelihood despit
environmental/climaticexposure

No clear indicaton responses.
35%- safe
26%-somewhat dangerous

Effect of environmental change on fishing

Fishing in danger due to changes in weather patterns

77% (yes)

More difficult to catch fish when compared to the past

81% (yes)

Fish abundance/availability ithe pastyear

58% uncertain/no answer

Table 35. Extreme events and impact on fishing

The a@currence of extreme
events inthe lastfive years

Personally affected (y/n)

Number of fishing days lost

Storms; 54%, yes

Of those who answered yes, 80% were I

No clear consensus on fishing days {psten

affected distribution

Floods; 52%, yes Of those who answered yes, 62% were | Little to no fishing days were lost due to floods
affected

Droughtg 54%, yes Of those whoanswered yes, 60% were n{ Little to no fishing days were lost due to drough
affected

Shoreline changes60%, yes | Of those who answered yes, 75% noticed char|
in shoreline¢ 63% indicated moderate damag
had taken place

Table 36. Knowledge, attitdes and perceptions of the marine environment

Marine Environment

Level of knowledge of the marine environment

87%: some level of knowledge

Ability to personally
environment

improve the maring

Even distribution acrosss-point scale

Responsibility tqorotect the marine environment

73%- big responsibility

Witnessed changes tihe marine environment ira
lifetime

85% (yes)

Perception of overharvesting of local marin
resources

80% (yes)
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While these participantsacknowledge that the climate has changed in the area in the recent past (timescale
unknown), less than half feel that the reported change impacts on their fishing activities. Hpaeiepants

have, in follow up conversations and feedbseksiongdicated that they are proceeding $ealess often due to
increasingly unfavourable weather conditions (specifidaliingthe austral spring and summer which is primary
120 Walkconiessfiddgarticipantsreport changes in SST, variation irrent strength and direction and
changes in prevailing wind direction and strength in the recent past. Gammage et al. (2017a) provide an extensive
discussion of recelytobserved variation in the physical environment. A&@me of the variation observed by
participantscan be attributed to the cyclic variation at various scales, anthropogenic stressors can be assumed to
be increasingly present in the syst¢itead et al., 2013)Partigpantsfrom both the previous research and this
researchdo not seem to be willing or able to recognise thatrentchalenges in kob catches could be, in part, to
blame on changing weather conditions and that the current status quo could become the new odaeline

in local biomass due to fishing pressure (mostly from other sectors), must aisodigered

About Half of the participants indicated that they had experienced extreme events, even though the impact on
fishing activities were minimal with thmost significahimpact attributed to shoreline changéhe changes in
shorelinewere attributedto beach erosin over the lasfiveyears. With extreme events in South Africa expected

to become more commonplace as climate change advances, impacts on coastal communities and fishery activities
will increaseand communities who plan for these future changes wilbéiger equipped to sustain livelihoods

(Mead et al., 2013)

Stessorsn the social and economic (Sdystems Stressors in this system component were-raidge stressors

in the framework identified by Gammage (2015) and Gammage et al. (2017a). Although integral to the optimal
functioning of the fishing system,dbe stressors tend to Heddenand not foremost on th@articipant®) YA Yy R &
Survey questions utilised include those concerning income, employment, dependence on fishing (for income) and

the fishing market/business, physical capital and the historical dependence on fishing (culture).



77

Table3.7. Stressors linked to the econommomponent of the social and economic (sytsystem

Income

Employment

Dependence on fishing for income(livelihood)

Fishing Market

86%: variation between summer and winter income

78%: fishing is a very important local econor
activity.

The liggest risk tdishing livelihoods:
34%: reduced fish abundance
25%: market

20%: environmental change

14%: no response

3%: Injury

3%: Other (not specified)

Fish either sold to:
44%alarge processor

49%: intermediary/middieman
7%: no response

Average total monthly irene per household:
8%:< R1000

31%: R100&2500

42%: R2500R5000:

14%: R500&7500

2%: No answer

69%: not interested in changing jobs or working
someone else

63%: fislis animportant source of food

85%: never sell to buyers outside the community

51%: not planned for any financial security, 19% plann
little 24%: well planned, 7% very well planned

31%: have held more than one jolttia past year.

Ability to feedafamily if not fishing:
46%: Not at all possible

24%: slightly possible

19%: posbie

5%: highly possible

6 %: no response

53%: fish prices have increased over last year,
25%: stable

10%: unstable

2%: decrease

10%: no response

85%- no access to savings
64% knew where to access cash in an emergency.

73%: have not had employment chasgethe
past year

41% would source (financial) assistance from family
31% from loans;

17% other (unspecified);

5% neighbours & friends;

8% no response.

Relationships witintermediariesn the community:
69%: no response

90%- all working members contribute ta K 2 dzi S |
overall expenses.

57%: wiling to relocate for employment
necessary

Changes to livelihoods due to changes to the marine hal|
76%: no change
10%: change
14%: no response

97% of respondents havedicated they have a boni
repayment

68% indicate they service other debts

Ability to find work in another sector:
54% (yes)

8%: no answer/response.

The agree of difficulty in finding alternative wor|
if known asfisherg 69% (easy).

68 %: noextended loans to anyone in the last years
66%: not at all possible to access financial reserves if
were to cease fishing for extended periods

Employability: usefulness of skills in setting u
business other than fishing:

40%- useful,

54%- varyingnegative responses

6%0-n0 response

employed in more than one job per year (level
occupationativersity throughout the year):
69% (rarely/never)
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Table 37 shows that many of thparticipantsreport they earn less than R5000 per month (per householdewhil

half have not planned for any financial security and with more than 60% indicating that, should fishing fail as a
livelihood activity, they would not have any access to financial reseftesseasonality of the kob fishery means
fishers have in the past earned more in the summer months which is kob s&adois dnightvaluefish and can

be a lucrative livelihood when caught in abundant¢¢owever, in the recent past, kob catches haverbee
consistently poor (Gammage et al., 281). Consequently, fishery participants are financially constrained with
many having depleted savings and having to rely on alternative activities to secure livelihoods (Gammage et al.,
2017, B. Themost sigrficart impact is on the crew who face more financial constraints at the onset, with less
access to financial resources and few alternative skillaét®ugh most have indicated they have held alternative
employment in recent years, most have done sodfutecessity Added to a desire to remain in the fishery, as
indicated in followup conversations, ithe lack of alternative formal employment opportunities in the area

(Gammage et al., 2017b).

Regardingphysical capital, 77% of respondents own homesgtito do not own boats many participants

own homes mostly due teational lowcost housing programmeglsq mostparticipantshave access essential
services such as piped water and electridityey own fishing gear, televisions stoves, cellular telephones, fridges,
washing machines and gardening/power tools (as derived from their respoAsasiost do not own cars, those
living in more remote towns such as Vermaaklikheid, Slangrivier and ié#psatruggle with access to bigger
centres where they need to purchase goods and access sefea®nstrating access to suitable vessels is an
evaluation critexon per the guidelines to allocating fishing rigfil?\FF, 2013)nd is seen as beirgal insecuring

a commercialinefishright. Crew feel that their inability to access the capital required to acquire vessels make

them unableto transition to skipper and business owner if thegiwid do so.

Table 38. Culture (historical dependence dishing)

Indicator Results

Time spent fishing (years of life) 10%: @b years

19%: €15 years

20%:1&25 years

31%:2635 years

15%:3645 years

5%: 4€b5 years

Generational fishing 81 %: earliegenerations of their family were fishers

75%identity asafishing family

Parental assets 97%: parents had owned boats

Parental home ownership: equal yes and no responses.

The &eling of belonging tacommunity | 95%: feel like they belong or stronbiglong.

94%: friendships within the community arery importantand/or important.
Pride as fishers 83%: not proud to tell people they are fishers.

54% would not like for their children to be fishers

59%: do not feel concemed by the lack of young peenqtiering the fishery in
the area
Local Ecological Knowledge 82%yvery importantto pass on the LEK about fishing to younger generatic
When asked whether LEK was currently maintained or lost in the comn
the responses on thedoint scalevereevenly distributed
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Table 3B shows that more than half of thearticipantshave been fishing for more than 16 years, with 15% fishing

for more than 36 years Most are generational fishers who identify as fishing families. Interestingly, most
participantsindicated their parents owned their boats, although they did not necessarily own their hdiges

difficult to ascertain whether this generation of fishare better off or worse off than the previous generations,

since conditions, such as policy, political system, resource abundance, climate and weather have changed
significantly It is not clear whether this fishing tradition will be passed on to thé gererationg 84%of
participantandicated they are not proud to tell people they are fishalthough when asked whether they would

actively discourage their children from entering the fishery, there was no clear indication acrogsarfoscale

Smilarly, almost half indicated they do not feel concerned by the lack of young people in the fishery in the area
While there seems to be a strong link to fishing as a tradition, it was not clear from the survey interviews whether
they are still fishingbecause of the link to culture or whether it is their only livelihood option in the area. Most
participantsindicated that they felt strong bonds to and within the communitshich is consistent with the
attachment to place identified in other user groufi@ammage et al., 2017b)hisis a manifestation of an
attachment toa place which is shaped by their shared social experience as a group and as individtizds
exploration of the patternseen in the attachment to place can help to predict specific behaviours more especially
during times of chang@Mlasterson et al., 2016)A contradiction in théJ- NJIi A @dpdribey dimyed when
considering the lack of pride, they feel as fishers and the fact they do not seem to be actively discouraging their
children from entering the business, although this is most probably due to the lack of alternative employment
Subsequent conversations with key informants indicate that Soangcipantsare passionate about fishing and
view it as a callingTheseparticipantsindicated they would encourage their children to fish if they thoughtis w
financially viableTheirlives have been fraught with financial hardships, and they want better for their chilByen

their parents account, children are also not keen to enter the fishery after having seen and experienced the

financial hardships and the consequences of poverty

Policy and Regulationissues surrounding policy and regulation armajor stressor in this fishery system
(Gammage et al., 2017a; Gammage, 2013 GULLS survey framed questions related to policy and regulation as
management and governance, although the focus of the questions did notdaitextspecift factors into

account Table3.9.presentertinert results.
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Table 39. Management and governance responses as per GULLS crew survey

Management and Governance

Marine resource management presence in community | 95%: yesgovernment controlled.

Changing rules and practices in response to environmel 66%: rules and practices have changed
change

Impact of lllegal fishing on community 68%: not concerned.

When asked whether illegal fishing does occur, €
distribution acrosa four-point scale.

Conflict amongst fishers 43%: slightly common
Decisioamaking surrounding MPA 74%: no involvement at all
Level of involvement in community decisiemaking No clear indication

Previous research shows policy and regulation ranked as one of thernticatstressors for fishers in this fishery.

As the GULLS survey did not place much focus on policy and regulation as a stressor and to ensure that the
information captured by previous resea@ppliedto the crew component, aspects related to poliog atressor

were discussedith key informants in followup interactions. Importantly, there was much parity between prior
research (Gammage 2015, Gammage 204l7a) and the views expressed by the key informants from this. group

In short challengesvere rangng from the implementation and enforcement pblicyto the influence of other

fishing sectors in the same area of operation. The interaction and consequences of the policy and regulatory
stressors are complex with fegaching consequences for fishers amale beenextensively discussed in

Gammage (2015) and Gammage et al. (2017a).

Additionally, key informants recognise that obtaining and exploiting their rights may hold the key to their financial
emancipation. In futke, this shift could be brought about by a change in policy, notably the successful enactment
of the SSFPIf successful, fishers and their communisiesuldat the very least be able to secure improved food
security and at best, manage prafiaking ceoperatives which engage in a diverse set of livelihood activities for

both current and future generations.

The successful enactment of this policy may be contingent on the resolution of the current stressors in the
linefisherysystem. An example of thisthe potential escalation of conflict amongst fishers and fisheries that
already exist. The allocation of sngaihle rights is seen to be placing the potential rights holders in competition
with holders of commercial linefish rights which has alreadigea friction with some of the current linefish
skippers and there have been reports of linefish doeimg replacedue to their potential future involvement in

the smaliscale fishery (Gammage, unpublished daf&)e number of fishers active in the aisanot large and

competent crew may be in short supply on the commercial linefish jeiatsild they choose not to continue
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working as commercial crevithe future allocation of commercial linefish rights are also of corgbaiinefishery
is operatedwith a total allowable effort (TAE) and to allocate sipedile rights, the commercial linefish rights must
be decreased to stay within the TAE. Minimising policy and regulatory stressors will relglizatabalancing
act betweercurrentmanagement ojectives and user expectation to enstne longterm sustainability of both

the commercialinefisheryand the ceoperative based smadcale fishery.

3.3.2 Attitude to change and adaptation options

Tables 30 & 3.11 show pertinent results from questis participantswere asked questions to gauge their
attitudes to change and to respond to questions concerning possible changes in their livelihoods as a measure of

attitude and approach to adaptation to change.

Table 310. Attitude to change responses as per GULLS crew survey

Attitude to change
Response to changin everyday life 57% slightly used to change, 25% not at all used to change
Future of fishing 85% only big companies will survive future changes in the fig

industry

Level of confidence that things will turn out we| Even distribution of responses
regardless of changes and challenges
Level of risk posed by environmental changes to t 46% high risk
community
Level of anxiety about changes in the environnten Even distribution of responses

Table 3.11. Responses to adaptation scenarios presented in the GULLS survey, whdigipantswere asked
to indicate their response in the case pbssiblechanges in their primary livelihood activity (fishing)

Changeesponse option Responsdn the case| Responsen the Responsen the Responsein the
of worsening or case of increasing | case 0B50% case ob
changing weather | difficulty in finding decline in catches | permanent 50%
conditions fish drop in fish price

No response taquestion | 7% 11% 8% 15%

Seek alternative 44% 49% 27% 39%

employment/income

sources

Keep on fishing, carryon | 25% 20% 46% 19%

per usual where possible

Relocate 2% 5% 0% 0%

Stop fishing/unsure 22% 15% 19% 27%

In addition to the high natural variability experienced along the South African coastline, regarded as one of the
most naturally variable on earife.g. Mead et al., 2013he coastline is affected by a range of anthropogenic
stressors which include resource scarcity, poor seaimomic conditions and policy and regulatory challenges.
The result is that fishery systems are becoming increasingly vulnerable to changgp@sing a threat to fishing

communities along the South African coast. Fishers will need to respond to these and other global changes within
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systems to become more resilient in the face of ch@Bgekes et al., 2003 he results shoparticipantsare not

entirely comfortable with the change and variability experienced in everyday life. Elevated levels of uncertainty

within the fishery systems and an absence of gfionatural, social and economic capital identified within this

group ofparticipants may prohibit thendrom respondindo change proactivelysome of the recent changes may

have been more abrupt than others (such as sudden changes in fish catchesyresiishers being caught off

guard. Many participantshave indicated they think only big companies will survive. This result serves as an
acknowledgment that whik participantshope things may turn out all right, they do recognise that unless
something drastic changes, their fishery may well not be able to survive on the long term and does not indicate a
positive outlook for the coperatives that will be established by the implementation of the SSFP. Research by

Visser (2015)escribed a resilient fishery that has beenmgtiag in the area for the past 100 years, although this

trait may not continue in a climate of rising input costs, resources scarcity and constraints imposed by policy. There

are, however, several contradictions in the responsegdaticipantswithin this set of questions. Given their views

on the future of the fishery one would expect an overwhelming amount of pessimism when considering their level

of confidence that things will turn out well over the long term. There @sever, no clear indicatoner the 4

LRAYG &a0FtSo ¢tKS OFdaAS T2NJGKS O2y(iN}YRAOGAZY A& d
GKS 62NRUGQ R20dz¥YSYyiSR Ay LINBGA2dza NBaSIFNDK oDl YYl 3
that the abilityd 2 WLX 'y F2NJ 0KS g2NRGQ Aa O2yaidN}XAYySR o0& f
(Masterson et al., 2016pay be a barrier to the change needed to ensure future switignlivelihoods and

wellbeing. Gammage et al. (2017b) provide an analysis of change response strategies implemented across the

research area within thinefishery

While stressors that lead to change do not displgiicant spatial/ariation, change response strategies do.
Gammage et al. (2017b) identified three broad groupiiighers who adapt, fishers who cope and fishers who
react. Based on the grouping already identified, it appears that the participants in this stugyc@gever react
when responding tahangebecause they typically daot have the necessary social and economic capital to
diversify within or outside the fishery, even if they wish to do so (Bable Responses to the scenarios shown in
Table3.11are a testament to the fact that fishers currently do not explore ldegm and permanent options
outside the fishery. The apparent unwillingness to proactively engage with employment or skills outside the fishery
seen throughout the results are not only dleetion of structural constraints but also of the cultural and hisébric
component attached tdine fishing in the southern Cape. To only consider sustainable livelihoods in decision
making is insufficientthe associated aspects of human wellbeingergrguality trumps quantity must aldme
consideredhroughout(Masterson et al., 2016)Scenario stories such as those presented in Chapter Five, present
a tool through which humawvellbeing can be practically incorporated into decisimaking processes at various

scales.
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3.4. Conclusion and outlook

This contribution fills a knowledge gap exposed by previous research and provides insighlifnetfistieryO NB 6 & Q
perceptions and opinions of the various stressors that drive change in their fishery syBtésmas been
accomplished by applying survey responses to the thematic framework of stressors identified in Gammage (2015)
and Gammage et al. (2017a). plortantly, these results show that the stressors that drive change in the fishery
system are consistent throughout the research area (no internal variation between wwgmsoted), with
minimalvariation between the perceptions of the crew reported ondend those described by previous research
which focused on various user grouhe lack of internal variation in responses regarding stressors that drive
change makea case for research that is argpecific (at the scale of the southern Cape) as sppdo town

specific (smaller scale). Argaecific research is howeyenly applicable where context is simildhisis evident

when considering responses to change, where there was much variation between geographical locations in how
fishing communies either coped, reacted or adapt@@ammage & Martins, unpublished dazammage et al.,

2017b) The results presented in this study add to previous research, which allows us to form a more holistic view
of the complex system whihighlighting the complexity and associated uncertainty of interactions of drivers of
changern the SES. This complexity and associated uncertainty make it difficult forfisbexarrently act as crew

in the commercidinefisheryto respond to future change in a proactive mannéhe researcpresented in this
Chapter, through explicitly adetssing Aim Jalso contributeso Aims 2 and 6 of thibieds (seeSection 1.9) It is

also integral to informing the thematic framework used in the causal mapping process, developed in Chapter Four.
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ChapterFour

Making sense of wicked problemgre structured decisiommaking
tools useful with marginalisedishersin problem structuring in
complexsocialecologicalsystem®

4.1. Introduction

Adequate problem identification and framibigis an important starto any policy and modelling process
(Haapasaari et al., 2012byhissuggestshat the mostessentiaklements and interrelationships within a system

must be taken into consideration wéifbcilitating the understanding of problems in their entirety, helping identify

the right questions along with denoting the first steps in dguielp holistic knowledge, research and ultimately,
management strategie@oung et al., 1999; Walker & Harremoés, 2003; Sluijs & Craye, 2005; Clark & Stankey,
2007; Verweij & Densen, 20100dequate problem framing involves all stakeholders and focuetee socially
constructed nature of potential management challesged problemgHaapasaari et al., 2012y his manner of
problem framing moves beyond the values and interesta pérticular group o$takeholders and strives to
AYO2NLR N} GS ail 1 S KspfeSiNGCErk & IBahkEYS200i; AoReg ¢t al. |12@8Bnaking Y S

it explicit how various individuals and/or groups piece together a specific problem (such as resource scarcity) it
becomes possible to facilitate reciprocal andiaolearning, but also enhance better and more effective
communication and develop effective managemapproache¢Clark & Stankey, 2007; Verweij & Densen, 2010;

Jones et al., 2011; Haapasaari et al., 2012a)

Holling (1973)in presenting his ecological theory of ecosystem dynamics and resilience (then defined as
persistence in the face of change), provides necessary insight in managballemgedn compleXSESsRecent
resilierce research recognises the need for systems to adapt to change and transform into more desirable
development pathwaygBerkes et al., 2003; Walker et al., 2004; Olsson et al., 2008; Osterblom et al.T2@11)
implementation of anecosysterdoased approach to fisheries managemé@aF)see ChapterOng is the
preferred apprach to deal with complexity in marii®ES(FAO, 2003; Garcia et al., 2008ystem rodels assist

in understandinghe likely effectiveness of (everat)) alternative management decisiqi®tarfield & Jarre, 2011;

Ba problem framing and structuring process is not only an important step in many decision support processes includindifitetdhot
to) Integrated assessment (IA), mdtiteria decision analysis (MCDA) and structured decision making (EeNn & Stewart, 2002;
Gregory et al.2012yp t NBofSY &0dNHZ2OGdzZNAYy3I NBFSNER (2 GKS LINRPOSaa 2F YlF{Ay3a a
dGF1SK2t RENEZ | Ol A 2 yBelon &IBOSINIA2:3§) (1A B a0 WwRYARS 2FZNXYI & 65 RSTAYSR |
factors and issues which should constitute the agenda for furth€@ dist & A 2 y | (Résenheyid, T989Bdltdnéand Stewart (2002:36)
dzaS GKAa GSNY (G2 RSAONARGS GKS LINRPOS&a 2F G NNAGAYy3I G Iy dzy RSNAEGI
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Barton et al., 2012) Varying contexts, objectives, priorities, knowledge, influence and stakeholders require that
models be adaptable and thus flexible to include evolving bodies of knowledge as well as the incorporation of
different bodies of knowledggStarfield & Jarre, 20110 do this and to be able to operate on multiple scales and
levels of resolution (with the eventual aim to facilitate wise decisions amehgie capacity building osocial
learning) various models which can address different questions and suit different purposes are rétaned.
Moloney; 1996; Barton et al., 201%)

Causal mapare a standargroblem framing/structuring tool andn effective wayo conceptualisasystem This

tool provides a formal visual view of the system &ndseful to identifikeyareas of concern, orgamisdeas to

clarify goals and actions, and highlight knowledge gaps. Itis a process that is particularly useful if the initial problem
statement is very generahdif the issues®eK I Y R | NB LI KBélorOsdgtewax,i2@02; drésthaga & Q
Ozesmi, 2004) Specifically causal mappings usedas a problem structuring tool to examine hidden
interrelationships, feedback loops and maltalar interaction of stressors that lead to change in the selected
fishery system.Examples of successful use of the tool in the southern African contexténdsides around

southern African rock lobster fisherg&asson, 2009; Stewart et al., 2009)

Causal mapping also providesthisualconceptualisation of the systemhich ishelpful in the Bayesiaelief
network (BBNparameterisingorocess. BBNs are a tool that alidor a better understanding of the uncertainty
that exists in aystembut at the expense of feedback loopBBNs define states for each model variable, and
together with theprobabilitiesattached tathese states, wBayesian statistics for a combined evaluagi$jgerulff

& Madsen, 2008)BBN modelling techniques allow for the determination of probabiitiesitcomesassociated
with multiple drivers of changeThe techniqugrovides synthetic insight into the uncertainties within the system

and theknowledgeheld by participants.

The research area and nature of the fisHesg been introduced iBection 1.7 of this thesisSmaliscale fikers,

who act as crew on the commercial linefish boats of the southern Cape in South Africa are the focus of this research.
This fishery is bodiased and conducts mostly day trips of six to eight hours on avéragdishery operatesith

single handhe andcariesminimal to no ice or refrigeratiorThe atchvolume ismore than subsistence (enough

to sel) but significantly less thatvawl or long linefisheries(DAFF, 2016) The fishery haeen plaguedy

increasing resource scarcity, variability in itaisystems and policy uncertainty in recent years. Previous research
describesi KS FTAAKSNEQ AylLoAfAGe (2 NBaLRyR | RSledd (St @&
suggesting that a scenatimsed approach to change may be the most suitablemitigation strategy for this

group of fishers (and fishers in genet@ammage, 2015; Gammage et al., 2017als)e causal mapping and BBN

14 Appendix B presents a brief overview of the modelling principles adopted in this thesis.
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modelling form an integral part difie prototype scenario planning exerciggplored in this thesisThe use of
decisioamaking tools in this research is tfad. The broad questiorthis chapter seeks taddressrelated to

Ams 2 and 3 irgction 1.9) NB a2 Kl OFy o6S fSIFNYSR | 02udmgthel KS FA&
problem structuringd 2 2 f & ' YR G KSA NJ BedednedibagK the itérafV® imglemeéntatn O y
LINE OSaaKe

These questions have further been refined to address the specific context ofoea¢Bection 1.10) The
guestionsaddressed that are specific to tisausal mapare (1) What interactions, including indirect interactions
and feedback loopsre revealedhrough the use and development of causal maps for the southern Cape
linefishery? and (2)Is the use of the causal maps appropriate and beneficial in an iterative aratiiveprocess

with stakeholders who are unfamiliar to more structured decisimking processes?he questions being

I RRNFaaSR o0& (KS (3 Whea@ra additibhBl insightsygairied intthy driveiS 6f éhange and
linked uncertainty thaexists in the southern Catlinefisherysystem through the development and use of the
weighted hierarchy and BBERd(4) Is the use of the BBN appropriate and beneficial in an iterative and interactive

process with stakeholders who are not familiar \thitl tool?

Thechapterstarts with a brief description of the overarching approach followEak specificapproach used in

the development of the causal maps, the methods for the data collection and model constructian fohe

results of each of thiterationsarefollowed by a discussiam themes related tthe useof causal mapping in a
qualitative modellingorocessand completes the section orcausal mapping The BBN section follows a similar
structurec first, the approach used in the development of the BBN and the model construction and seagdivity
described The results relating to the construction process, the model outcomes and sensittivity testing follow. A
discussion pertinent to the BBN proces®iubefore thechapterconcludes wittkeyinsights gained through the

use of both the tools.

4.2. Qualitative modelling with stakeholder: approach, methods and results

The overarching methods and associated data collection methods and tinelireebe@ presented inChapter

Two, Section2.7 of this thesis The methods presented here follow those that pertain directly to the development

of the causal maps and Bayedimfief networks (BBNs) processé@$ie causal mapping process was carried out

across the breadth of the research area, specifically in the towns of Mossel Bay, Bitouville, Melkhoutfontein and
Slangrivie(see Figure 1.1)The basis for selection of participating towns was the avajlatbiGtew, most of whm

had participated in the household survey described in Chapter Three. Importantly, key informants were relied
dzLR2y G2 ARSYGATE [yR FLROAAS +a (2 gKAOK 2F GKSANI LI
process. This strategy was mostly successful but did result in the eventual exclusion of Vermaaklikheid from the

processs thesefishers remained largely unavailable and unwilling to participate. For the Bayelg@network
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(BBN) development, the fatttat this was a prototyping process, together with time and resource constraints;
necessitated that one community of fishers (from the same tdaergelectedor this part of the research process.
Melkhoutfonteinwas choseras it has a large, establishgmbup of smalkcale fishers who act as crew on the
linefish boats that mostly launch from Still Baydded to this, previous research conducted in the area for the
GULLS project laid the groundwarivelkhoutfonteinthat created the enabling conditiofspecifically regarding

building a trust base) required to carry out such research.

4.2.1. The goproach used in the development of theausalmaps

The causal map construction was an iterative processtitiparticipants Figure4.1 outlines the apmach
followed in the process. At the start, causal diagrams, which show the drivers of change and inteesations
which also provide insight into the indirect drivers and feedback loops not apparentiedirematic analysis,
were constructed using thieematic stressors framework identified by Gammage (2@&)nmage et al. (20&y
(Table3.1). Thefirst causal diagram (base map) was shown to stakeholders and key informants in various small
group settings to allow for the generation of a secdiadhtion, town-specificmap  As most participants were
Afrikaans speaking, the first iteration of the was translated from English to Afrikasiisby the researcher.
Subsequentlythe researcher combined thewn-specifianapsto form one regional mapepresenting he third
stepof the proces$’. Thicombined mapvas informally shown tkeyinformants from each town for validation
and to ensureontinuedapplicability to each town contertpresenting the third iteration The first workshopf

the scendo-planning process (see Chapter Fs@myed as the final validation step in the mapping process. The

regional mapvas usedh the workshops which informed the BBN and scenario planning process.

15The rationale used for upscaling the map is that thdti-dimensional scaling (MDS) plots carried out (describegdation 3.9 showed
that there was no internal variability between towneth regard to stressorscorroboratng prior research by Gammag015) and
Gammage et al. (203y.
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Semi-Structured Desktop Small Group Interviews Desktop Final Validation
Interviews Key Informants Key Informants Workshop 1
» »

L L
Thematic Framework of 1% iteration 0 o 3" jteration
stressors Base Map Mossel Bay Regional Map
Bitouville

Melkhoutfontein

Slangrivier

Figure 4.1. The approach used in the Causal Mapping development prodé@sslines are provided in Table 2.6



90

4.2.2. Data collection andcausal mapconstruction

Oncethe participanti Khowledgeof drivers of changewas capturedn mapsusingthe = Sy & @eevsemal
Learning Editiongoftware, researchasedknowledge (Gammage et al., 2@)was added For ease of reference,

the causal map was colour coded as per Tableartl 42. This first mapH{gure4.2) servedas a graphical
representation of the thematic framework previously described (Gammage, 2015; Gammage et al., 2017a). The
second version of the magpas developethrough an iterative process where the maps showrto participants

from the towns ofMosselBay, Bitouville, Melkhoutfontein and Slangrivier. After a brief feedback session on
previous research regarding stress@bkdpter Threk fishers were asked to adjust the base diagram as they saw
fit. Thiswas done through a process of discussion aadhingaconsensus within the group. Discussions were in
Afrikaansthe language spoken in the commurgigd the researcher guided the participants through the diagram.

In each of the townssmall adjustmentsvere made These were drawn in on a hard copy of the diagram.
Specifically, hidden feedback loops and indirect stressors which were not apparent and identified after the first
iterationwereadded(specific changes made with associated reasanigyovidedin Tables 0 - D4 inAppendix

D).

Table 41. Colour coding for interaction between variables in the Causal mapping of stressors that drive
change in thdinefisheryin the southern Cape

Colour of line Coding

Orange Nondirectional interaction
Blue Dampeningnteraction €)
Pink Amplifying interaction (+)

Table 42. Colour coding for variables in the Causal mapping of stressors that drive change im#fishery
in the southern Cape

Colour of box Coding

Red Key stressor (theme) identified by fishers
Turquoise Biophysical stressors

Yellow Biophysical: other fisheries

Light blue Social Networks

Green Social & Economic

Purple Regulation/Management

White Sea State

For the causal mapping process, key informaoia each towrwho were seen to be in a leadership role (whether
formal or informal) in the community were approached and asked to gather a group of four to six partioipants

a group discussion. This approach allofeedhteraction withparticipantswho were interested ithe research
process These patrticipants were knowledgeahtetheywere experienceih the fishersand because thewere

often friends, there was very little friction or power imbalances present which allowed for open and frank

conversations. The group interactions were atrditordedand notes made from recordings to aid the digitising
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and integration processes. &integration otthe town-specific into regional mapsas done by comparing the

various inputs from the towns arfahding the option- whetherthe wording of the variabler the connections

amongst variableso make it applicable to each town iteration. The resulting regional diagram was shkeyn to

informants in each town to ensure that thegionaldiagram was eceptabldocally Once the regional magas

finalised a causes tregvhich shows all the causes tradfectthetarget noded W! 6 Af A& G2 Lzl F22
together with a verification of the various feedback loops involving key stressssomp £ SR dzZA Ay 3 + Sy
Based on the outcome of the analysis involving key stressors, feedback loops involving policy and regulatory

stressorsand biological stressofsee Table 3.1yere also examined

4.2.3. Results

42.3.1. Causamapping process

Starting each session witle feedback of resuits from the GULLS household surveydptaeearticipants irthe

rightframe of mindand when it came tbe discussintiie causal map, participants generally responded vielk

Base mapwasfoundtobef@ A A 0 Sy & ¢ A ( K &8 adjudimisdisin@olk thihemagware &iyJA y A 2 Y
much related to the place context (scale of the town/community). Throughout discussion with all the groups of
participants, they needed tioe guidechway from falling inta repetition of the same issuemd itwas reiterated
throughout that the currentresearcias: ¢y SEG a0 SLX G261 NR&a a2t gaAy3 (KS |
research. Importantly, the issues highlighted by the participants throughout albtiheersation eched those

raised in previous resear¢®ammage, 2015; Gammage et al., 2017a, Chapter Thidiegroups extensively

discussed the implementation of policy and regulation; specifically the implementation of thessatefisheries

policy (SSFE)AFF, 2012Yiews that are divergent to previe research and points or clarificatare highlighted

within these results.

4232. Causamapping outputs

a. Basemap (first iteration)

The base map (first iteratio§ shownin Figure4.2.
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SAFE OPERATING
CONDITIONS

Inshore trawl:
overalapping areas of
operation

Inshore trawl:
DECREASE IN bycatch
SEASTATE

Inshore trawl:
habitat degradation

Inshore Trawl: illegal
dumping of by catch

Inshore Trawl: illegal
fishery practices (double

bagging etc)

Figure4.2. Base map (first iterationjerived from the stressor framework identified by Gammage (2015) and Gammage et al. @0Athough feedback maps are
present in the map and visible to the trained eye, thefgsedback loops or indirect stressors ar®t explicitly highlightedin this first iteration of the map. See Tables
4.1.and4.2. for colour coding
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Thetarget nodeon the farrightWl 0 A f A i@ (2 Lidithe cefital puRont g thid diaGranill stréstos Q
identified have been frameggardingheir influence on the fishery system and ultimately thisoomte As the indirect
links have nobeen insertednto this base map, there are severatiables with no inputaithin the diagrannamely
Hecrease in sea stafi#icrease in rainfallthanagement zone (A v<Bincertainty about access to righiéincertainty

about SSFRncertainty about implementation of poli@éiccess to DAERNd$hancial management skills

b. Second iteration

The second iteration maps (town maps) togetivth a description of the adjustments made to derive the rasp

providedin AppendixD1-D4 The following ar&ey insights

Mossel Bay

Most participants from Mossel Bay tigreviously worked in thénshoreTrawl fishey. It was necessary to highlight

some of the possible indirect stressors and feedback loops to the fishers as gwayptingthem to offer their inputs.

When the Inshordrawl section of thecausal mapvas discussegarticipants became more animated and engaged.

Fishers preemptedmany of the variables surrounding the inshore trgvie. they mentioned the impactsivariable

before the discussion moved to that point in tausal mapKey insights includihat fishers may have to be subsidised

by the Sate in the case of resourceacity, the effect of inshore trawl on fish abundance on reefs, lack of crewing
opportunities, skippers seemingly unwilling to share information theesagyravatingan existing culture of distrust

amongst use groups, skippers not abiding by agreement$mall y G KS A dzZLILR NI Ay 3 R2O0dzYSy i
processes (in terms of percentage of catch for crew and rights holders) and shifting profit nidgpasticipants

acknowledgd the possibilitthat many of the problems with skippers and boat e highlighted could be due to bad

communication as opposed to a deliberate attempt by skippers to undermine crew.

Bitouville

The participants from Bitouvilleepresentedthe biggestgroup interaction, although the leader of the group initially
spoke foithe group This dighowever, change as the interaction progressed and participants grew more comfortable.
At the start,participantshad tobe promptedquite a bit and thecausal magjvariables and interactions) had to be
explained quite extensively dmepeatedly befor¢he participants became comfortable with the concept. Participants
were also initially wanting to engage with the SSFP implementation challangethey needed to be continually
encouraged to engage with tleausal map Notably, thediscussion with the fishers from Bitouville was significantly
more politicised than in the other townsothe conversation initially focussed on policy and regulatory issues, most
specifically problems with the SSFP implementation and the politicas ataehed to the SSKEself. The participants

from Bitouville werealsoaddressedhe climate stressain the causal maps directtymostother groups just breezed

through the climate interactions, choosing instead to speak about policy and the itistvdréishery. The discussion
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around the inshore trawl and associated variablese also quite irdepth. Key insights from this group of fishers
included a recognition of the role of climate change in the local variability experienced, increasati jghyiindance in

area, the propensity of the trawlers to trawl close to the shore even though they are technically not allowed to operate
on the bay scale, issu#f by-catch and the dumping of ksatch by trawlersas well as a genergerception that
government are more likely to cater to the inshore trawl fishiérgn smaller fisheries such as the commeliciefishery

and the smalkcale fishery.

Melkhoutfontein

The participants from Melkhoutfontein wethe leastinteractive groupand needed tobe talled through thecausal

mapin its entirety beforestarting to engagevith the issues at hand. Most of the participants participated equally,

although the one skipper into the group; did initially provide more of the comments and inputs. At timesitsidm
asiftheparticipantsdzy RSNRA 122 R GKS 02y OSLJia dzyRSNJ RA&a0OdzAaAz2y s 0 dz
issue, a conclusiomas reacheavhich was mostly already reflected in theusal mapThisW®d | € {1 Ay 3 F N2 dzy RQ |
a questiorof reframing the questions or asking it more indirecti{ey concepts highlighted by this group include the

attribution of longterm climate variation to climate change, aseasonality of wind patterns (optimal ranges foamdnd)

the cessation of night fishing due to lack of catches at r{@hibuted to lower atmospheric pressures at night

Participants furthermore discussed the role ob&tallinks & norrgovernmental organisation or Ng@ho helpto

ease the communication isssiexperienced with DAY acting asconduit for communication from DAFEastly, the

challenges experienced with coastal access, where easy coastal access is limited due to the distance between the town

and the coast, were discussed.

Slangrivier

Thesole participant from Slangrivier ditbt pre-empt any parts of theausal majconversationhe mostly agregwith

the variables and interactions in the diagramt afew adjustmentsvere madeo the base map. The participant was
actively prompted for i 2 LAY A2y 0@ | & jbduy,. 2 Tihiskndysof geedtionting mleampte8 Bd
participant to speak more freely about the topics he felt stroablyut The participant was alsacelleniabout asking
clarifying guestions where he was uncertainattanything and offered very balanced views and considered responses.
Key concepts highlightederethe lack of financially viable, alternative target spegéessthe market fosivers is limited,

the input costs are too high to justify targeting the species, concerns regarding the restriction to management zones, the
size limit of thekob (after theincreaseof the kobminimumesize limit, fishers complain they are unable to landugh
legalsize fish)habitat degradation effected bgxcessive trawling the area and the effect of unpredictable weather

patterns on fishing.
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C. Regional (final) map

The regional map was the last iteration iisftrocess anis showrin Figure4.3. For this magadjustments were made

to some of the variables and links to ensure that the mggygiesto all towns in the regionMost of the adjustments

made were related to the wording of the variablester the initial integration process and afferther discussions and
drawing from previous research and research knowledge; the map was further refined to form the final regional map.
Key adjustments madare reflectedin Table4.3. Table 4L show the colour coding for feedback loops and indirect
stressorsimportantly, the combined map was translated from English to Afrikaans by the researcher, and both versions

were made available to participants.
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Table 43. Key Adjustments made whiletegrating town mapsto derive the regional map.

Action Detall Reason
Insertions Indirect link between®atch limits (siz&€)and | Catch limits imposedt6 size) is a function of polic
Yinplementation of policy and regulatiéh| and regulatio.
Add word'8tringento Eatch (size) limits fo
kobQ
New main variable WncertaintyQ All participants described some level of uncertair
WHistorical conflic® Conflict amongst Inshore trawl atidefisheryin the
area is historic and documented
New Economic variabl&ccess to craf Q Direct amplifying influence onWdb Catche®
Unable tocatch fish ifyoudo not have a boat
Access to capitat amplifying influence or] If youhave access to capitalpu can haveaccess to
Wccess to crafd acraft
Deletions From Bitouville!River moutifdeleted ¢ Wafe | Not all towns are influenced by river mouths
operating condition®
Yhshore trawlg access to righ@ Incorporated into another variable
Removedéhanagement zong3 Added as a note on the link between policy
regulation and8tringent catch (size) limits for kak
Some of the feedback loops without ai Simplified the diagram
directionality removed
Adjustments | Increase in rainfal amended to\®hanges in| Change of wording makét applicable to all towns
rainfall patternsQ
Wob catcheaéQ I Y S y RishRatche® Wording changed to include all possible commert
fish catches
Uhcrease/decrease in SST changed to| Change ofvording makes it applicable to all towr|
Whanges ioptimal SST temp ran@e and conditions
Bmaller fishsizzg OK I y 3SR (2 & Notmentioned in Mossel Bay, but assuming this |
size limit§) an impact there, even if not as important
Yhcrease/decrease in the wilkt changed to| Change of wording makes it applicable to all tow
Yhange in prevailing winds (directior]
strength and seasonalif
Simplified Inshore trawl variablesnow only: | Simplification othe diagram
Wlegal fishing practic€zand ‘Effect on reef
healthQ
Link Policy and Regulati@to Wncertaintyd] Mainly uncertainty caused by SSFP implementat
(Ynplementation, inshore trawl policy an
SSFP implementati@n
Wccess to DAERmoved and linked tdgolicy | Nodirectionality ito amplifying or dampening
and regulatiof
Wonflict between inshore trawl &nefishenQ
changed to Wonflict amongst fishers é&
between fishing sectof3
Winancial management skills amended to
read gpecific management skills
Different methods in linefishery (such as
Riemhoy moved to feed directly into th&ob
(fish) catches
Table 440 [ 2f2dzNJ O2RAYy 3 F2NJ AYRANBOG adNBXaaz2NmR F RRSR
YI LJaQu o

Indirect interactions (adde during 2¢ iteration)

Coding

Black dash Nor directional indirect interaction/stressor
Blue dash Dampening+) indirect interaction/stressor
Pink dash Amplifying (+) indirect interaction/stressor

02
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Figure4.3. Final regional map derived from the inputs of fishers in the second iteration. This final egpicitly highlightsfeedback loops and indirect stressarslt
portrays a view of the drivers of change derived from the original thematic framewddgether with information provided byparticipantsin the second iteration. See
Tables4.1,4.2 and 4.For colour coding
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The final causal map did not reveal any new stressors in this fishery system. Through the process; it was possible

to refine the wording used in the diagram to make the regional diagram applicable and relevant to the entire
research area and all user groups. The final diagram highlights the complexity of the system by revealing feedback
loopssuchasthé 2 2 L) 0 BENISK yd e Qs wW! 00Saa (2 wiaKlased [ yR W!
reiterated nonlinear dynamice the systemsThisis especially true when considering all the indirect influences

on thetargetnode (#bility to secure a sustainabledifoodp where only one direct influeneegas identifiedas

opposed to the five indirect influences.

Thefinal mapfurther highlights the complexity of policy atiiek regulatory issugat play whichincludesmany of

the identified feedback loops. As this iparticipantdriven product, this goes to show the importance that fishers
attribute to policy and regulatory issuggen guestioed directly on stressors that drive system changée
insertion ofWncertaintyas a driver othange is a direct product of the iterative process, where many of the
discussions centred dack ofinformation regarding the implementation of policy (specifically the SSFP) and
relatedtimelines. There was also an explicit recogniticgheértiscus®ins that policy uncertainty has given rise to
conflict amongst fisher@articularly inshoretrawl andall line fishers as well as between skippers and crew in the
commercialinefishery, whichis expectedn a climate of policy implementation uncertirihat is backdropped

by increasing environmental variability and resouspe¢ificallikob) scarcity. For many of the identified feedback
loops, directionality (positive or negative) was not immediately apparent and has thosamoidentifiedas such

in the diagram. The causes ts£8ppendix D5, Figuré35.1; D5.7) show the diagram expressed as hier@sh

and reveal no surprises. Tamalysis ofeedback loops and indirect drivers ($égureD6), underliningthat most
feedback loops arergsent in the interaction within and between the policy and regulatory stressors in biophysical
system stressorsThe most prominehninteraction between the humagsocialland ecologicak the effect that
fishing methods (whether trawl or linefishiwveon eventual kob catchesoderated byecosystem and habitat

health whichinfluencesoverallkobavailability

4.24. Discussion: usingausal mapingin a participatory qualitative modelling process

Thedevelopmeniand application of causal maps in thisearchwere multi-faceted. The tool offesinsight into
the compleity of the SESf the southern Capeavhile providingnsights into howparticipantsviewedthe system.
The process followed to derive the maps contrilsatieectly to the BBNs developme(tielow)as it servd as the
conceptualisation of the systemit alsodirectly contributes knowledgen methods that couleéventuallybe
applied toenhance EAF implementation in South Afridarough the developmenprocess, it was possible to
combine the knowledge and inputs from various participahesstly, gignifi@nt contributionwasmadetowards

a process of capacity buildittgough the initiation of anutuallearning procesthat took place throughouit.
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Connecting the social and the ecological in the southern Chpefishery

The causal mapping process in this research did not reveal new, unexpected drivers of change in the southern Cape
linefishery. The process served to validate findings of previeaearctconcerninghe drivers of change within

the system and was particulanyseful for highlighting feedback loops and multiple stressors that were not
immediately apparent from the previous, qualitative reseastich asi KS f Ay]1 o0SGd@dfy WOKI
AONBY3IAIK sUamBPESKIABKIEORXYI O2yRAGAZ2YyAaQS WNARA] 2F
f A @S t TheedbaIClobps the finaldiagram largely reflect and highlight points of interaction between the

policy and regulary and biological system components of 8 SThiss not surprising as the reseatdok place

at a time where fishkpb) scarcitywasa real concerrfalso highlighted by Duggan, 201&)upled with policy
uncertainty created by the delayed implementation of the SSFP. That these issues were top of mind is reflected in
the fact thatin all towns, themost timewas spenbn these issues in the small group interviews. In the case of this
system conceptualisation, the feedback loops identified are most likely contributing to system instalbiéty

diagram shows that fisitig activitiesn the area have definiteimpact orlinefisherykob catches through the effect

that fishing(specificdy trawling and overfishind)as onthe ecosystem(kob abundanceand benthic health

(habitat destruction) Fishers have consistently over recent years reported continually declining-fishieeg
incomeqDuggan, 2012, 2018; Gammage, 2015; Gammage et al., th7za]rition rates in the fisheriedbtth

in thelinefisheryand inshore trawljGreenston, 2013; Gammage, 2015; Gammage et al., 2a1ikb)y reflection

of the decline inisheryderived incomeeported by participantsNotably, there areno feedback loopsonnecting

the climate/weather system component to the biological comporertiiesemayps. It is unlikely that there is no

such connection, but one can deduce that the climate/weather dizanot top of mind for this group of fishers

Although adjustmentsrere madel 2 (1 KS ¥, thés&chadidesiverk gidsityatoscerned whitawording

of the variables to ensure that theyerewordedin a way thaappliedto the overall system. This result is echoed

by the results of the weighted hierarchy (see Figure 4.9)vlaet derivechs part of the BBN procesSe¢tion

4.3.3.1). The decisimotto add large variables or connections between variables in this causal map was made to
stay in keeping with the principle of the participdet approach and to ensure fishers identified with the causal

map which wasecessarfor the workshopping pragss.

Many of the policy and regulatory drivers described wiamked explicitlyto uncertainty and after some

consideration and discussiom became apparent that wilthere is a measure of policy uncertaintiie

uncertainty of policymplementationposed thehigtS NJ NA &1 (2 FAAKSNE ® ¢CKS AyasSn
OKIy3sS Ay LXIFOS 2F (KS YIAYy WLR fpicaiBbuthlAffidan phoBethdz | G A 2
regardingpolicy and regulation implementatipwhich also haeng beerthe casen smaliscale fisherie South
Africa(e.g.Isaacs, 200@Gowman, 2006Sowman et al., 2014Uncertainty abot how and whetthe policy willbe

implementedhas both short and loagrm consequencesssfishers being aught'# limbdimakesappropriate
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decisioamaking ih the short and longerm) difficult. Additionally, theuncertainty about how policy and
reguhbtion willbe implementedexacerbates tensions thatealready present bgther uncertainies in the system

such as thosereated by changes in sea conditigg.changes in current strength and wave hejgfihis tension

is not unique to South Africmaliscalefisheries as demonstrated by studies from other developing countries
which highlighthe role phenomena such as climate charage negatively impadng livelihoods in smalicale
fisherieqe.g.Cinne et al. 2012, 2015; IPCC 2014; Marshall et al. 2010; Perry et al. 2010; Zou and Weif2910

case of the southern Cape linefishetys tension does not only apply to the individual and housetwte but

can alsde seerin conflict betweerline fishers and amongst fishery sectarstablythe linefisheryand inshore

trawl fisherywhere a historical conflict in the area (Visser et al., 2015) is exacerbated by overlapping areas of

operation(Greenston, 2013xacerbatedbytarget catch (resource) scarcfiuggan 2012018)

Throughout the researghpolicy and regulatory issuesere identified as the most pressing concern for
participants Againthis is not mique to South AfricaPolicy and regulatorghallengesire identified by multiple
authors (e.g. FAO 1995; Mikalsen & Jentoft 2003; Bene & Neiland 2006; FA@2phakising the need to
include theactors from thesector inpolicy, legislative anggulatory processekhe promulgation of theoluntary
smaltscale fishery guidelines by the FE&2.0, 2015)ot onlyrecognisedhe importance of smaficale fisheries

in food security and poverty alleviatiphut alscacknowledges the challenges with magement withira.sector
wherefishers often remaimeglected ananarginalisedFAQO, 20152016; 2019. In South Africa, government
and especially the Department of Agriculture, Forestry and Fish@iaE[finevitably became the face of the
challengeghat are related to policy and reguilahs. One could argue that the emphasis on policy and regulatory
issues and the impact of the inshore trawl fisharyplaceof the explicit recognition of the importance of other
drivers of change such as climate variability lmlol shortages is becausé¢he government is a moresal and
familiar foe. Thishy no means absolvése government of responsibilityglobally, gogrnmentaldecision making

is seen to be aligned withore extensiveindustrialised fisherige.g.Ommer et al., 2012; Jarre et al., 2018is
rings particularly true when considering that the Sr8adle FsheriesPolicy (SSFP) which was developed in
responseto the continued marginalisation of small scale fist{@swman et al., 2014hasnot yet been fully
implemented aboutsix years after its promulgationrHowever, given the importance of drivers in the physical
system shown imariousprevious researctDuggan, 2012; Gammage, 2015; Gammage et al., 20174a; Jarre et al.,
2018;Ward, 2018l yttle, 2019andreiterated in the causal mapping and specifically shown by the @Blsg/)
other driversof changeare aspressing and threateningspolicy and regulatory issuegmportantly, failure to
recognise the importance of othdrivers of systemchangeA f £ KI YLISNJ FAAKSNBEQ oAt Al
in the face of futurechange Tools sutas causal mapwhen used in participatory and iterative pro@sgan
help build capacity as knowledigeexpandethroughsocial or mutual learningThe benefitsand mechanisms of
such learning in resource management contexts have haea been well described and discusbgd/arious

authors includingCarpentelet al.(2009; Gaddis et a{2010; Cundilk Rodelg2012); OterosRaas et al(2015);
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Tuler et al(2017. Measuringhe amount ofcapacity building aridr learning thattook placethroughoutthis
process is hear impdbie (see Tuler et al., 2017That some form learning, or skills developmenats taking place
washowever,evident in how the fishers were able tagage with increasingliifficult and unfamiliar activities as

the research progressed.

Making sense of complexity wrelbuilding capacity through adding to knowledge capital

To better understand complexity BESyhich include amplifying and dampenieffects ofprocessegHolling,

1973; Cinner et al., 2011hrough feedback loops and multiple stressor interactions at various scales
comprehensive system descriptions are requireghfoblem structuringCausal Mapsrovide a formal, yet visual

way to carry ousuchproblem structuring and framin@elton & Stewart, 2003ndgeneraladvantages of using

causal mapbavebeenintroduced inChapterTwo. Particularly useful in this research was the abilicao$al

mapsto highlightand clarifyareas of concermot immediately apparent from qualitative analysssich as

Wdzy O S NJi lcaugalinga@ability to&ieSnsight into the organisation of ideasdto clarify goals while

revealing knowledge gaggBelton & Stewart, 2002 T S & Y A miy 2004)ha8aibeen specifically useful for
researchparticipants to form a more holistic picture of their fishery systedmile participants considered aspects

of the systenin a piecemedhshioninteractions with participants reveal that fisheféen do not view the system

inits entirety.Inthisinstancedl KS LIN2 OSaa Kl a 0SSy dz&AaS¥dd RdS G2 06Kl
of problems by fishers at the local scale. However, fairtishenyin the southern Cape, it may be maease

that the relationships between drivers are not wadifined¢ in such a context the causal maps have provided a

tool which was used to providisight into the complex relationships between variabidentified, as
demonstrated by theomplexity shavn in the final regional maf hidevel ofcomplexity is alsevidentin a causal

map produced byt8wart at al.(2009 who describe the possible implementation of an MCDA process in the
O2yGSEG 2F | FA&AKAY I NA 3 KNesternlCépe olinceTHis2lgmoristidBsth&ta & Ay
the complexity seen in the southern Cape linefishery isinigue nor e usefulnessf causal maps iportraying

thiscomplexity.

Highlighting the indirect interactions and feedback lobpse resulted in a diagram that better reflects the
complexityknown toexist in the southern Cagimefishery This level of complexitig expected smallscale
fisheries across the world are increasingly framezbagplex adaptive systendsie to the nature of the problems

that exist in thee systems Berkes, 2006, 2011; Folke et al., 2005; Gelcich et al., 2010; Mahon et al., 2008;
McComey& Charles, 2010; Wilson, 2008).the southern Cape and through the ihgsggained from the causal
mapping processwas also possible to refine many of firecesseglentified in previous research: an example

is the identification and use of optimal ranges in the climate drivers and being able to link drivers across themes.
The result is a bettetlefined system of interactiorimked tochange. Better-defined systens areimportant for

more effective management. As demonstratedbike et al. (201(03evererecurringmanagement problems in
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natural resource use and stem from a lack of the implicit recognition of the inextricable links between ecosystems
and social systemespecially sinceedback loopsan take impdant roles insystem dynamics. South African
fishery managemenis not excluded despite legislation advocating for @tosystem approach to fisheries
management (B (seeWSSD, 2002manysocialsystem componentsr their interactions with the ecosisns
aredisregarded irmanagement decisior{g.g. Cochrane et al., 2Q1Bereby inadvertently basing decisions on
overly simplistic viewsfdhe SESWhile the causal mapdescribed in thishapterhave not been constructed at

the scale through which management can be informed directly, the successful use of tentooistrates the

A (ugRfiiness in showing complexity, feedback loops, indirect drivers of change together with the atitiiyo
integrate the perspectives and knowledge from different sources (in this case participants from different towns)

It should therdore be considerd a useful tool in future management contexts

While many of the changes made to the diagrams made wertedghietchanges offer valuable new insight into

the system These new insights can assist with reframing the reanalysis of data that has already collected by
allowing for changing how questions are ask&d.example would be to shift the focus in the lses of current

wind data from direction and strength to anadgshat focus on thef the persistence of wind days. Tikishown

in recent work byWard (2018where, although found to be highly variable, significant gaarin longerm trends
regarding direction and extreme days of wind was not ciénough increased variability was noted since 2007

by Ward (2018) while Lyttle (28{Inotes asmall but significaribcrease in wave height. While thishot reflected
NFAAKSNAQ I O002dzyias (KS KeLRGKSAAA GKFG GKS OKIF y3S
avenue of inquiry that has been revealed by the various iterations of the stressors re$égrdsefulness of such
toolsin reframing problems are one of the strengthausing participatory modelling processes such as causal
mapping Belton, 1997; e Costa et al., 1999; Belton & Ste\2éd2; Montbellier & Belton, 2006; Stewart et al.,
2009) Not only are we able to gairecessary insights into the dynamics of the system in questiongyrbugh

the participatorymodelling process, a process of sdtiatual learning and capacity building is initiated amongst
participants(van derBelt, 2004;Tuler et al.2017. This hasalso been demonstrated in other natural resource
management contexts such agth farmers in Chesape&ayin relation to participatory modelling around the
impacts of climate changes on farming activities (Paolisso & Trgr2Biey) and participatory metling with

stakeholders concerning nature conservation planning and maintemafRe~omosa (Videira et al., 2017).

Contribution to managing scale mismatches

Parity between the results of the mapping process and the results of previous research is significant because the
user groups (particularly skipper vs crew), towns and timescales difféshas important implications when
considering the scaling of datethe context of thedinefisherysystem of the southern Cape. The issue of scaling is
essentiaand complex; large models are often not applicabletiie local contextand the specificity of work at

local contextean getlost in larger scales resultj in models that arelitting to local detailge.g.Gibson et al.,
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2000). Thisis particularly problematic when considering that management decisions are oftenanhéaige
(national) scale in a tegown fashior(e.g. Jarre et al., 2018jth no mechanism in place ftive bottom-up flow

of information that would be required to make decisions that can better address localised contexisus
authors (e.gArmitage et al., 201 Dorner et al., 20)Buggest and advance the useyproaches thgpromote
comanagement of fisheriesesources, although effectivienplementation remains problematic withiSouth
Africa(Sowman et al., 20)4nd elsewhere The parity between the results related to drivers of change seen
throughout suggestthat geographic scale is nessentialvhere thecontextual scaléor conceptual scale see
Gibson et al., 2000 the same.Thisassertioris echoedvhen considering the MDS plots presenteimapter
Three which showed that there was no internal variation per town in the responses offered. Instead, the internal
variation is seen when considering user groups chesgponsefGammage, 2015; Gammage et al., 20irthe
same stressors. This contextual scale is what stilidie accountedor in decisiormaking and management.
Contextual scale for thimefishery could relate tan ecosgtem scale related to linefish assemblalgéineation
zones asuggestedby Winker et al. (2014ndBlamey et al. (2015¢heremanagement zones used to manage
the fisheries shoullikewise follow the ecosystem scate ensure fisherieare managedavithin the most suitable
ecologicatontext. Such spatialised approachies management have been suggasbtforthe management of

South African fish@sby authors such as Blamey et al. (2015)

Suitablity of the tool

The causal maps have been extremely useful in refining the drivers of changawdmitteeSES of the southern
Cape.Previous research (Gammage 2015, Gammage et al., 2017a) was qualitatitaieethd rich descriptions
provide important insights into the SES; the structure offered by vigialsystem depictionhas highlighied
feedback loops and hidden interactions not immediately apparent. The maps are verjensrqualitative
modelswith the mostresource users easilytéracting with then. This is one of the main advantages of using the
causal maps\arttunen et al., 201yandthe overriding reason for selecting the tools for use in this reseditob.
research participantsr Melkhoutfontein, Bitouville, Mossel BaydaSlangriviewere able toeasily adjust the
variables and interactiondhe maps provide the means for fishers to take more of a syatiemtedview of their
fishery, providing themwith insightinto how different system components interact in unexpetteays. This is
important becausgarticipantswere also able to enhance their understanding of their readitydthe visual aid

helped to connect drivers in ways thatkegnot previously possible.

The advantages of the use of causal maps in progtiercturing and framing are numeroder(a broad overview
see Chaptefwg). Most importantlythe causal maps allow for feedback processée tdepictedn the diagram.
Variables from various soe@tological subsystemartbe includedn the diagramand itispossible to show the
relationships between variables which were often not well defined and uncertg@lsib not necessary to have

complete descriptions of these variables and relationships. Anatabsdvantages thatit is possibléo model a



104

system that has limited information at the scale at which the fishery operates using fisher (local) knowledge. Causal
map construction was quick and egay demonstrated byaber(1991) and Kosko(1992a,b) Causal mapping

also presents an opportunity to combine knowledge souisssown byKoskd1992aY; in the process described

hereit has beerpossible tosuccessfully combine the knowledge held by fishers from different communities
(towns)into one consolidated map.n future, it would be possible to combine knowledge framore divere
stakeholder group#hrough similar iterative and participative processdhe ability to combine the knowledge

from fishers from different communities into one regional map also suggests that the causal maps will be helpful

when addressing scafpecift challenges usir@pntextspecifiadata.

As will all models, the use of Causal maps has its limitatiefiected upon in Chapter TwoThe map, being

LI NIHAOALI yia RSNAOGSRI A &nowleigebutzlsofady miScynCeptiBa®diase® (i K S
they hold of the systentseeKosko, 1992b)in the case of theausal maps developed here, bias towards policy

and regulatory issues have likely resulted in the stressors and interactions from the biophysical sulsggtem
neglectedor omitted completely. Thisis pertinentwhen consideing someobviousinteractionsand feedback

loops adzOK | a GK2aS o0SGsSSy wiz2o OFiGOKSaQ FyR (KS
misconceptions/biases asmsoevident when considering theeightings assigned in theeightedhierarchy and

the results from the BBN setidgty analysis (discussed $action 4.3) where the results show a very different
weighting. Through combining teausal maps from the different towns into a regional map, folloWiiogerson

& Kosko (1994) and Ozesmi & Ozesmi (2664)s would havéeenminimised, evident in the finaégional map.

Basesor misconceptions would also have been reduced by the iterative nature of the development process,
together with the validation of the maps by key informathiioughoutwhich reinforced the robustss of the

research througleonstant triangulatiorof the data(Creswell & Plano Clark, 2011; Newing & Contributors,)2011
Adding other stakeholders (such as marine biologists) would likely complete the links between climate and fish

abundanceand further strengtheathe robustness of the research

T

ThemapsssuciR2 y 20 LINRPGARS Fyeé AYyTF2NYI GA2ywidtf divéksS Ol dza |

(seeKim & Lee, 1998). In this map, this has partly been circumvented throughitaiandof the dampening or
amplifying effect the stressors have on other, related stressors (i.e. the causation). This has assisted with the
interpretation of the map from a resrch perspetive, although researcpaticipants did not engge with the

causality of the drivers beyond the initial discussions that took place to derive the maps. (i.e. the information was
not used or helpful in the workshopping process). Lastiynap does not haea temporal componert although

the temporal component wasughly defined when gathering the initial data used to consthecbase map, this

glha I Wwiz22aSQ RSTAYAGA2Y |a Yzald FTAAKSNAR R2 y2i
change in discussions. This results in maps that do notehaeese of any transient babiourin the system

(Schneider et al., 1998; Hobbs et al., 20023ving a better idea of such transient behaviour would be useful

(@]
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especially considering the uncertainty that presents due to the high variability in the local climate (see Ward, 2018).
While itispossible tdoetter quantify causal maps (seeg.Steward et aJ2009),in this casethe causal mapsave
served as the conceptual framing of the system and as a tool for fishers to consult and use in the BBN proces

described in the following section.

4.3. Semiquantitative modelling with stakeholders, approach, method and results

4.3.1. Thegeneralapproach used in the development of the Bayesiaglief networks

A Bayesiarbelief network (BBNJs a graphical model depicting a set of variablesiwduie linked by probabilities
(Amstup et al., 2008) In thigorototypemodel, the nodes represent the causal variables that affect the outcomes

of interest (in this casichieving a sustainable fishetgrived incom& while the links between the nodes serve

to define which specific variables directly affect which other specific varigb@@structing a BBN enhantks
understanding of the relationships and sensitivitiest existdetween the various elements afcausal web At

the same time insights are provided into system functiottiatjwould not otherwise be apparenBuilding on

the causal mapping, the BBN modelling process formed part of the scenario planning workshops with a group of

fishers(participants) from Melkhoutfontein. Figure4.4 outlinesof the approach adopted.

Workshop 1

* Parameterise
Bayesian model &
gather information for
the Conditional
Probability Tables
(CPTS):

*|dentify central
issue/question
*define primary and
secondary drivers

*assign dichotomous
state

*weight drivers
(group)

Figure4.4. The gproach followed in the Bayesiatelief network development process.Workshop One
provided the opportunity to parameterise the model and gather information requirdadr the construction of
conditional probability tables (CPTs). Workshop Three, participants completed individual CPTs for input
into the final model Timelines are provided in Table 2.6

The first workshop provided the opportunity to validate the final regional causal map and start the BBN modelling
and scenario planning. The second workshop focused specifically on the actual scenario planning piecess and
discusseth ChapterFve. Athird workshop provided the opportunity to provide for participants to poputhie
individual conditional probability tables (CPTs) required to construct the BBN.alfthite workshops ultimately
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form part of the scenario planning procedprkshopsOne and Three were directly related to the BBN
development process and are discussed in detail. h€eethis end, an initial group of 14 fishers engaged in a

workshopping process aimed at deriviBBNss part of the evolution of a scenario planning psace

4.3.2. Model construction & sensitivity testing

The nodel described in thisection, highlight three principaldrivers of change and tivecontributing factors
whichparticipantssee as importantThese principal drivers and contributifagtors form nodes in the BBIRor

this first prototype the number of possible states in each node was limited to tiMee BBN described here

required four CPTSs to parameterise the modek for the output and one each for the three principal drives.

the 11 participants who started the third workshop, 10 completed the @®RTBur of the completed CPTs were

excluded from the final BBN as they were either completed incorrectly or incompletsix Témainingropulated

CPTsvere combined into asingle BBN model through ttaldition of an auxiliarynode Wt NI A OA LI y (14 Q>
represents théevenlyweighted input of eacparticipant(Kjaerulff & Madsen, 2006JK S W O2 y (i NA 6 dzii A y 3
were assigneg@robabilities of 50% for the identified statilscause there are no other influences on these nodes

in the model TheBayesiarmodelling software package,S G A OF v ¢l a dz&A SR G2 O2YLRAE S

As the model incorporated the judgment of a homogenous group of fishers (as opposed to a diverse set of
stakeholders}hereis a requiremento question how robust the results may taeinput variabiliy. It is necessary

to determine whether the modedutputs areoversensitive to any specific node andask he extent to which

the model/outcomes could be altered byanipulatingthet (i | 1 Sa 2F (GKS y2R§FDOR YS{QSy aA
as the indicator node (where Network > Sensitivity to Findings) was carried out as a start. Waes Bifted

under different scenariofpossiblesystem stateshy manipulating the three nodes identified by the sensitivity

testing as being the momfluential onYhcomefFigure4.14) { Sy aA G A A G & ( Sthelnputsofdza A y 3\
each of thendividual participants were also carried out. 3danalyses determined the degree to which each

node (nput variablg could influence théihcomein both the combined model and in each of the six participant
Y2RSftao ¢tKS aSyardArgaie gl a OFtOdd Il GSR Ay bSGAOln
variation) at one node relative to the information represented in other naéise model. The sensitivity tests

indicate how much of the variation in the node in question is explained by each of the othetimtueasodel

(Amstrup et al., 2008; Tiller et al., 201Bastly, the model was tested to see how sensitive it was to inputs from
additional participants. For this analysis, the model was run three times with an added sevenjipétopant.

For each of these modelsts a duplicate set of existing CRVEs used.
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4.3.3 Results

4.3.3.1. TheBayesianbelief network construction process

The aim foWorkshop Onavas to obtain data needed to parametrise the BBN and doubled as the groundwork
for the scenario planning process describe@liapteHive. An informal dinner for all participants was hosted on

the evening preceding the workshophisnot only served as an icebreaker but also as an opportunity to provide
background information on the project in general and specifically, the purpodeedhteraction. The first
workshop, which was scheduled to take pl@eughouta full day, was shortened as participants grew fatigued

as the programme progressed and eventually ended just after lunch. The planned programme was amended as
participantshad difficulty with some of the more abstract thinking required for some of the exepisased to

derive the hierarchy and system staté&he initial (planned) programrigeshowrin Figure4.5.

Workshop 1 programme
09:00-09:15:  Welcoming and introduction
09:15-09:45:  Overview of research project and research

09:45-10:45:  Identification of priority drivers of change in the Melkhouttfontein fishery system. (Use index
cards and flipchart paper)

(Proposed central issue: ability to sustain livelihood bmo income derived from fishing
activities)

(Income from fishing activities - enough/too little

In groups (09:45 - 10:20)

What 3 primary factors influence fishing income? {What needs to happen for you to be able
to earn enough from your fishing activitie?) (Use causal diagram as aid)

How important are each of these factors (drivers)? (percentages) Identify 2 states for each
factor. (Desirable and undesirable)

Feedback from Groups (10:20 — 10:40)

Consolidation (decide which factors and percentages must be used) (10:40 ~ 10:45) (Write
final drivers onto new index cards and stick it up in room).

10:45-11:15  Tea
11:15-12:30  Secondary Factors
In groups (11:15 - 12:00)

Identify 3 factors that influences each of the primary factors (percentages and states). Are
there more factors that must be identified? Same as step before tea.

Feedback from groups (12:00 - 12:20)

Consolidation (decide which factors and percentages must be used) (12:20 — 12:40) Write
final drivers onto new index cards and stick it up in room

12:40-13:30  Lunch
13:30-15:00  Start with scenario construction process.

Have now identified the drivers that has influence on your ability to sustain a fishery derived
income. Are there any factors that need to be added? (Brainstorm a bit, refer to CD,
Identify enablers/inhibitors, group factors and drivers together). Use index cards and/or
post-it notes.

To construct the stories, we must first speak about that what we are sure about and that
what we are unsure about. How sure/unsure are we about the drivers we have identified?
(Arrange drivers into certainties/uncertainties).

Let look 30 years into the future (2046) — how do we want Melkhoutfontein must look as a
town? What must be here? How must people be living? How must people be earning a
living? Is it sustainable?

We need to decide what three drivers are the most important for Melkhoutfontein's future.

Rank categories of issues - each Participant issued with (3 sticky dots per person) on
grouped/categorised issues. Discuss pattern of ranking and decide which issues they would
like carried forward

15:00-15:20  Tea

15:20-15:50  Decide 2 of the most important for Melkh: in (group i What
uncertainties have the biggest impact on the future? These uncertainties are what we will
use in our stories.

‘Whole group brainstorms the critical uncertainties. Possible uncertainties - interaction of
social and biophysical phenomena, changes in political influence, coastal development,
catchment flooding. Flipboard paper; note down uncertainties

15:50-16:00  Reflection and closing (Inputs from participants).

Figure4.5. Plannedprogramme forWorkshop One&gthe left panelin Afrikaans for participantsthe right panel
¢ the detailed programmein English The programme had to be amended as the day proceeded in keeping
with the principles of participantled research.

As a start, the regional causal diagr@ee Figure 4.3yas made available to all the participaint\frikaans The
diagram was briefly explained &l participants, although at least half the group Haatl prior exposure to the
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previous research and ensuing diagram development procedicif@atswere advisedhat they could consult

the diagram throughout. In this way, the map served as a tool to assist partidgpegfiee their thinking about

the variables that drive change in the fishery system. This workshop also presesttent @pportunity forthe

participansto verify the accuracy of the map. After some discussion of the drivers of change and their interactions,

the central issué8Bustainable fishemglerived incom&or the BBN was identified Thiswas donevia group

consenss. Participants were asked to assign this central issue with a dichotomous state to discretise each of the
variables.Next,principlRNK SNA 2F OKI y3IS (KIG RANBOGfE AyTFfdSyO

derived income (centradsue)vere identifiedand discussed.

Participants weraequired to identify three pincipal drivers of the centralissue (sustainable fishiwltprived
income). They were then askedassign a dichotomous state to eatiiver andassigh a percentage influence

that the driver has on the central issue. It was reiterated to participants that the states had to be discrete,
exhaustive (all possible outcomes covered by the states) and mutually exclatieéwhich ardundamental
principles of BBNg.g.Tiller et al., 2013)Restricting the states to dichotomous statetpliedthat the statesvere

a broad qualtative description however, this way of limiting theizes of thidirst prototype BBNstates
strengthered the manageability of the associated CPHigure 4.5 shows the basic hierarchy identified without
states or weightingsParticipantsvere informedthat the states should refleetdesirable and undesirable state.
This first stepvas donén a small group setting. Each group was asked to discuss and agree on thertbiged

drivers, their states and percentage influence.

Profit

Economic factors

(money) Access to equipmen|

Training

Wind

Sustainable Incomg} Weather conditions
from fishing

Sea Temperature

Current

Policing Inshore tra

Policy Access to rights

Kob size

Figure 46. Hierarty of drivers identified by participants. This hierarchy, with no weightings and states,
provide the blueprint for the BBN structureNote however, that the influences of therincipaldrivers become
the root nodes in the BBN.
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The facilitator moved beteen groups and had to prompt participants numerous times to obtain the required
information. It was alsmecessanto explain the task to each group numerous timas many participants
remained unsure of what was required. Itis important to note timthe participants were new to such a process,
most remained very unsure of themselves in these initial stages of the prosssgoups reported back, the
principal driversvere discussed and agreed on before putting them up on the wall using potgs(Figure 47).

Once theprincipaldrivers were identified and the weightings assigned by the respective small groups, participants

were asked to vote for their preferrgafincipaldrivers and weightings.

Figure 47. Results from the voting process (in Afrikaans). Participants were asked to identify thrieeipal
drivers that affect the central issue (in this case the ability to secure a sustainable fishery derived income).
The three driversdentified (from left to right) are Policy, Weather andCapital

The next step required participants to identify the next level of causality by identifying thetmteuting factors
that would influence each of the paipaldrivers already identifiedThesevariable (ch f SR WO2 y (i NA 6 dzii A y
were also assigned a percentage influence and a dichotomous state. This part of the exercise was done, upon
request from the participants, in a large group setting. Extensive discussions took place on each variable and then
the state and weighting/ere decided on by group consensulhe participants' knowledge and insights on the
GFNAFofSa GKIFIG FFFSOG GKS FTAAKSNRQ lFoAftAdGe (2

these variables was used topdate the CPTs. The variables identified as well as the states assigned and

S Ny

percentage influence diie central question for the three sulfroupsare showrin Table 46

Table 4.5. Weightings identified by groups

Principal drivers identified

Group 1weighting

Group 2 weighting

Group 3 weighting

Policy and Regulation

80%

60%

25%

Climate (weather)

10%

20%

25%

Capital (disposable income)

10%

20%

50%
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The CPTs associated to each driver in the hierarchy (including the central theme) was consingctad states

assigned by the group in Workshop One (Figure 4.8).

Figure 4.8.Principaldriversand contributing factorswith final weighting as agreed on by group consensus (in
Afrikaans). Contributingdrivers (from left to right)¢ Access to rightsRegulation of the inshore trawlSze of

kob, Wind, Qurrent, Sea Temperature, Skipper training, Access to rights, Access and maintenance of
equipment, and Profit margins

Table 4.6. shows the CPTs that were constructed based partigpants input in\WWorkshopOne



Table 46. (a-d) Set of CPTs for completion by participants in Workshop Three. These CPTs were compiled
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using the hierarchy of drivers and associated states identified in Worksfye Each participant completed

their own set of CPTs on their own pace and using their understanding and interpretation of the system

dynamics
a. CPT1: What is the percentage probability (0-100%) that fishing-derived income will be "HIGH" for the following 8 scenarios?
. Economiclsj:cio- Weather/Climate Probabilit.y % of fishing income being high
Rank Policy economic High Low
Unfavourable Insufficient Unfavourable
Unfavourable Insufficient favourable
Unfavourable Sufficient Unfavourable
Unfavourable Sufficient favourable
Favourable Insufficient Unfavourable
Favourable Insufficient favourable
Favourable Sufficient Unfavourable
Favourable Sufficient favourable

CPT2: What is the percentage probability (0-100%) that the implementation and effect of POLICY & REGULATION

b will be "FAVOURABLE" for fishers for the following 8 scenarios?

Access to Rights

Probability % of POLICY & REGULATION

Rank (fisheries Size of Kob Policing of Inshore TRAWL
resources) Unfavourable
Favourable
No Access Too big Inadequate
No Access Too big Adequate
No Access Small Enough Inadequate
No Access Small Enough Adequate
Access Too big Inadequate
Access Too big Adequate
Access Small Enough Inadequate
Access Small Enough Adequate
C. CPT3: What is the percentage probability (0-100%) that the effects of the WEATHER (CLIMATE) will

be "GOOD" in the following 8 scenarios?

Rank

Wind (strength
and direction)

SST

Current (strength & Direction)

Probability % of WEATHER (CLIMATE) being

Unfavourable

Favourable

Unfavourable

Unfavourable

Unfavourable

Unfavourable Unfavourable Optimal

Unfavourable Optimal Unfavourable

Unfavourable Optimal Optimal
Optimal Unfavourable Unfavourable
Optimal Unfavourable Optimal
Optimal Optimal Unfavourable
Optimal Optimal Optimal

CPT4: What is the percentage probability (0-100%) that SOCIO-ECONOMIC & ECONOMIC

d constraints result in Income being "ENOUGH" in the following 8 scenarions?
Probability % of having enough money
Training R . .
Rank . Access to Equipment Profit Margin . ..

(skipper etc) Insuffiecient Sufficient
Insufficient Insufficient Insufficient
Insufficient Insufficient Sufficient
Insufficient Sufficient Insufficient
Insufficient Sufficient Sufficient
Sufficient Insufficient Insufficient
Sufficient Insufficient Sufficient
Sufficient Sufficient Insufficient
Sufficient Sufficient Sufficient
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TheThirdWorkshop started by providing some feedbacdithe researctprogressand theimplementation of the
SSFPThe purpose of the CR¥asintroducedbefore theCPTsvere completedndividually. As participants were
not familiar with the concepts or method, thesearcher guidedasticipants through each of the permutations to
complete the CPT3 hiswasaprotracted process that lasted the duration of the workshop. @eTespopulated
by allocating the probabilities of an outcome for a child variable whichd@sassigned combination of states
for the parent(s) variables that directly influence ithe expert opinion of the participants provided these

probabilities through th&Vorkshop Threengagement.

4.3.32. Bayesiarbelief network model outcomes
Identification of principaldrivers:

All three small groups identified the same variables (Tabjevith discussions centring around the weighting of

the variables. For policy and regulation, the second group felt that the managemeniveoestore of astressor
because of thémited setof species thatouldbe caughtwithin the current managemerztone configurationA

greater variety of species (basket of spedgedesired The third group arguithat the management zone must

be enlargedo include theCape InfantdPort Nolloth zone. For climate, participants felt that sea conditions are not
necessarily conducive to fishing, even though the weather is favourable and there are only eight to nine fishing
days in a month. Windy days are not conducive to fishivigile all groups recognise the importance of capital

there was not much discussion on the topic apart frometbegnmenbf the weighting.

All goups found assigning the dichotomous states problenatithe participants were not familiar with the

process and found the decisions hard to madad most vaableswere assigneavith good/bad states.An

agreementwas reachedhat the researchemwould finalise the wordingf required. Groups presented the

reasoning used in the identification and weighting process. The ensuing discussion allowed for tmmsolida

between the groups and allowed all participants to air their views where some rigorous debate took place around

the weighting of the drivers, most specifically, climate. After discussienesconcludedparticipants were asked

to cast individual vets to indicate their preferred combination of weightitize only instruction being that total

combined weighting per individual could not exceed 1008 final consensus weightiag determined by the

whole groupis shown in Table A. Note that this veighting represents the specific results from Group 2 (Table

450y gKAOK KIFIR faz2 0SSy (GKS WAYUGSNWYSRAFGSQ 2yS SI N

Table 47. Final weighting and dichotomous states assigned fwmcipal drivers

Principal Driver

Positive state

Negative state

Percentage influence

Policy and Regulation Favourable Unfavourable 60%
Climate (weather) Favourable Unfavourable 20%
Capital (disposable income) | Sufficient Insufficient 20%
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Identification of contributing factors (to the principal drivers)

Again, vhile the states of each drivevere discussed was agreed that theesearchewouldfinalise the wording
of the states at a later stage. Assigning and weighting of drivesslene usinggroup consensus. Whilhis

method is not considered to be ideal, participants were decidedly more comfortable in this sEttisgpuld be
because they could rely on the opinions of the leaders within the group, which madeoiteacomfortable

exercise for some of the pagipants who were struggling with the process.

The ontributing factorsWimate(hclude the windgpecificallydirection), current and sea temperature. An ideal
climate would entail a balanced wind regitlewingin aparticulardirectiondepending orseasor{(discernible
patterns) Currently prevailing winds atepredictable andinseasonable The current is often not flowingtime
direction and witrthe strength thatis expected Sea temperatures also need to be optimal for fish to Disdble
4.8 presents thecontributing factorgelated toclimate, weightings and states assignéihte the overwhelming

reliance on wind.

Table 48. Contributing factors final weighting and dichotomous states assigned f@limateQ

Variables identified Positivestate Negative state Percentage influence
Wind Optimal Unfavourable 80%
Current Optimal Unfavourable 10%
SST Optimal Unfavourable 10%

Thecontributing factorsof Wdlicy and regulatiohinclude access tiishingrights, regulation of the inshore trawl

sector and the catch size limit of Kob. Moast of the crew do not have commercial linefish rights which largely
removes theidirectaccess to marine resources. They also feel the rights are too fragmented and wartbaccess
broader range of species (basket)wiis agreedhat this external factor has thmost substantiaimpact on the
livelihood of fishesbecause the fragmentation limits fishery derived incorRegardinghe enforcement of the
inshore trawl regulations, fishers feel that the inshore trawl operate outside their designated area of operation and
targetkob as bycatchFishers alsagainamented the increase in the ledalb minimumsize limit as this reded

the amount ofcatchthey ouldlandin contrast to the inshore trawlers, who are not expedteddhereto such a

limit. Table 4 presents thecontributing factorsf the policy and regulation, the associated weighing and states.
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Table 49. Contributing factors final weighting and dichotomous states assigned fwolicy and Regulatiof

Contributing factors
identified

Positive state

Negative state

Percentage influence

minimum size limit)

Policinginshoretrawl Adequate Inadequate 30%
Access to Rights Access NoAccess 60%
Size of silver kob (legal | Big Enough Too Big 10%

*The legal minimum size limit failver kob was increased frorB00 mm to 600 mm in recent years. Participants are unhappy with this
change as they need to releasrichfish which they would have been able to land given the previous, smaller sizedpmitially since this

minimum size limit does not pertain to the inshore trawl
participarts feel the new size limit is too big and shobkdloweredi 2 I
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Thecontributing factorgelated to\Bconomiglidentified were (unaffordable) skipper training, profit margins and

access to equipment, specifically bod&shers believe that access to equipment and the required skipper training

will place thenin the positionto successfullgpply for commercial rightsThe profit margin of the fistatches

paid to crewis also seeis toosmall The fact that thegpercentage allocation of the catch to the crew is not

standardisedby DAFI5 deemed problematicTable 410presents thecontributing factor®f the economic driver,

the associated weighting and states

Table 410. Contributing factors final weighting and dichotomous states assigned f@apitakYdisposable

income)

Contributing factors
identified

Positive state

Negative state

Percentage influence

Skipper Training

Sufficient

Insufficient

60%

Profit margin

Sufficient

Insufficient

30%

Access to Equipment

Sufficient

Insufficient

10%

0KA&

60S WwoA3d Syz2dAK

The hierarchy, along with the final attributed weighting and associated states as derived from the parameterisation

process followed ifwVorkshop Onés shown irFigure4.9. Where applicable, states and reswf driversvere

adjustedwithout changing the meaning as agreed upon in the worksfhitye. final BBl showrin Figure 4.10.
. b

Appendix ). The BBN shows that when each of ¢batributing factorgroot nodes)isassigned a default value

¢KS TFAYI ¢
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of 50%, along with the equally weighted belief of the six participants (input using the auxiliary node), the probability

of achieving sustainable fishingrked income is 24.9%.



Profit
Sufficient/Insuffient 30%

Access to equipment
Sufficient/Insufficient 10%
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Economic factors (money)

Training
Sufficient/Insufficient 60%

Wind
Optimal/unfavourable 80%

Sea Temperature
Optimal/unfavourable 10%

Enough/Too little 20%

Weather conditions

Favourable/unfavourable 20%

Current
Optimal/unfavourable 10%

Policing Inshore trawl
Sufficient/Inadequate 30%

Access to rights
Access/No access 60%

Kob size

Small enough/too big 10%

Figure49. 2 SAIKGSR KASNI NOKex

Policy

i Favourable/Unfavourable 60% 7
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WorkshopOne The desired outcome is a sustainable fishedgrived income (high/low). Drivers at thérst
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4.3.3.3. Sendivity testing

Sensitivity testinga formal test of the variability of the priority variabigativeto changes of all other variables

within the BBN three principal driversninecontributing factorgroot nodespnd one auxiliaryariableg provided

an indication of which variables were most influential on the central issgtainable fishergerived income

(Wtomedp The sensitivity of the modeas testedin variousways. Firstly usingb S i sébsititty analysis

function thesensitivity2 ¥ G KS Y 2 Rvad testéd? ThaHesylt€) @ovid@in Table 4.11, shovathahg

the principadriversWL y 02 YSQ A& Y2NB a4SyaAirdAaAgsS (2 weednggYeQ |y
thisresultis at odds with the group consenduam the hierarchy exercisaghere YolicyQvasassighed 0%

weighting (i.ethe more dominant drivéxby participantsn the weightechierarchy Furthermore, the sensitivity
Fyrfearda aK2gSR (&ddt NP TOOE a¥l WilshiybinddeSdidiBighinvedd

K @3S GKS Y2alh AyTtdsSyO0S 2y WLy §)piwEdby thettSde dimatleK NE S K,
related nodes with approximately equal influentey §t SNBa G Ay 3t 83 (GKSAS O2y.0NAOdzi S

Table 4.11. Sensitivity analysis of the BBN shows the variability of the priority variable to changes in the
settings of all other variables in the BBN.

Sensitivity of "INCOME' to a finding at another node:

(Network > Sensitivity to Findings)

Node Mutual Percent Variance of
-——- Info Beliefs
INCOME 0.80892 100 0.1867557
Participants 0.13666 16.9 0.0369977
ECONOMY 0.06376 7.88 0.0171821
CLIMATE_WEATHER 0.05550 6.86 0.0150977
POLICY 0.01622 2.01 0.0043694
ACCESS_EQUIPMENT 0.00750 0.927 0.0019338
PROFIT_MARGIN 0.00437 0.54 0.0011282
WIND 0.00306 0.379 0.0007922
SST 0.00284 0.351 0.0007335
CURRENT 0.00277 0.342 0.0007149
ACCESS_RIGHTS 0.00242 0.299 0.0006259
SIZE _KOB 0.00100 0.123 0.0002584
INSHORE TRAWL POLICING ©.00080 0.0993 0.0002078
SKIPPER_TRAINING 0.00047 0.0577 0.0001209

For further sensitivity testingthe three most influentiatontributing factorsveremanipulatedFigure 4.11)These
manipulations were specifically that (1) there is sufficient accessgipment, (2) the profit margin is sufficient

and (3) wind is within optimal ranges (i.e. all set to 100%). The results of this manipulation demonstrate that under
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this WenaridQthe probability of fishers earning a sustainable fishery derived income increases from 24.9% to

38.6%. Itmustbenotll KI & GKS YdzidzZa f Ay ¥F2 T2 MihéiEBSverdblichstt@> W/ dzNJ
each othelin valueand althougiot in the top three drivers of the second hierarchy, the values were very close

G2 GKS WgAYRQ Ydzidd £ @I t dzS

There are some discrepancies between the influence weighting from the sensitivity analysis and the weightings
assigned by participants in the weighteigrarcly. Notaby>A0@Saa (2 SldALIYSYyiQ gl a o
importantO 2 y (i NA 0 dzii 2, NGileiPR2 PR O2YRNBRY Q 6+ a 3IAADSY | ox: 6SA
regarded as the mostiticalfactorto H®nomytin the weighted hierarchys showrby the sensitivity analydis

have less influence on botH9 O 2 y 2 WeofdeXApgeRdixD8). For the weighted hierarchy, participants

assigedl Y y £ ¢ SUindDK-HBnEVEL The séritiviy analysis shows that although wind does play the

most prominet role within the climate drivers'8STiand \Burrentxontribute similarly Thismeans that the

influence of thehreedriverswasmore e/eny-weighted in the BBN thanitiallysuggestedby participant through

the weighted hierarchy.

CdzNIi KSNJ aSyariAgdarie | ybeinfiended mdeehaligfamd Radeo thestated y 02 Y S ¢
in the second hierarchy of the BBN. The results of this analysis, shown in Table 4.12, show that the probability of
income being high when all tioentributing factorsare setto 100% favourable state$4., R6, inversely, when the

states ae all set to a 100% negative state, the probability associated to earning enough in2@#8éisThis result

is expected The range between the high and low state is also expected considering that participants inputs into

the CPTs weraften extremec i.e. very high or low probabilities were assigned to the diffgpentnutations(See
AppendiD7for all completed CPTS)he columns showing the 50/60ntributing factorstates of theoot nodes

in the final BBNlseeFigure 4.10) have been included takathe comparisorbetween the Income (low/high)

results easier.
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Table 4.12 Results of the sensitivity analysis where all tlwentributing factorswere first all set to 1006
insufficient (low) as well asthe 100% sufficient(high). The differences in the high/low ranges of the
LINPOFOATAGE 2F GKS WLYyO2YSQ QOIFINAIFOES Aa aKzgy

PrincipalDriver Contributing Factor | Sufficient Sufficient Sufficient
(high) (%] (high) (%] (low) (%
probability)* probability) probability)

Skipper Training 0 50 100
Economy Access 0 50 100
Profit 0 50 100
Size_Kob 0 50 100
Policy Inshore Trawl 0 50 100
Access 0 50 100
) Current 0 50 100
Climate_ SST 0 50 100

Weather -
Wind 0 50 100

Income

(% probability) 2.0 24.9 91.7

The ensitivity2 ¥ S OK LI NIi A OA LJ y (i 88pshdwsdLbariifor theincipakidvers.theb 6 ! LILX
mutual information indicator showed differefNd y 1 Ay 3 2F (GKS RNAGSNE LISNJ LI NIi’
BBNshowed thatthel9 02 y 2 Y & QdiRNR &2 NI LIA ly O3 ToeB@Ndsrivedl ffom peltighaes Y S

G662 YR 8AE aK26SR (KIG wt2tAa0eQ KIR GKS oA33sai
AaK2gSR GKFdG W fAYFGSye?2 SI (G KSNDNo®iheNdsiatBriRirondl tkeSgrong2 a G A Y

consensus results provided in Tablesc4710 and Figure 4.1@iscussed below.

To test how sensitive the BBN would be doliionalLJ- NIi A O A Lifirey additional Anglysktzie run(also

see Appendix D9)Thiswasdoneby adding a duplicate of the CPTs of participants one, two and three in three
separate model runs.e. in run one, a duplicate participant with CPTs which favoured the same variables as
participant one was added to see how this would influence thé. BBe samevas dondor participants two and

three. The resultSTable 4.13show that adding the duplicate participants did not influence the BBN outpats to

substantial extentindicating that the model is not oveensitive to additional participaéaitQ A y LJdzii & ®

Table 4.13 Results from the sensitivity testing where duplicate participantere addedto the combined net
in three separate runs.

Duplicate participant added|t NP6 F 6 Af AG|t NRol oAf Al

to: High Low
Economy 24.3% 75.7%
Policy 22.27% 77.8%

Climate_Weather 26.1% 73.9%
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121

4.3.4. Bayesiarbelief network discussion

The prototype BBN described here is a graphigoaoiobbilistic representatioof the relationshipsetween key

contributors to changévariables) on sustainable fishidgrived incomes A 0 KAy (K S lidefiseiy K SNy / |
Thegeneraladvantages and dislvantages of using BBN modelling have listussedn Chapter Two. The

contribution madeusingthe BBNSn this researctspecificallyinsights gained into the drivers of change in the

system and the suitability of using the tookirtontext of high urertainty, and with marginalised stakeholders

Specifically, the chapter has set out to addiisss 2 & 3 (seeSection 1.9) through answeringsearctquestions

(iii) and (iv) provided in Section 1.10sought taestablish whatdditional insightgre gained into the drivers of

change and system uncertainty through the development of a weighted hierarchy arahBBdevaluate the

suitability ofdevelopinghe BBNin an interactive and interactive process with stakdbe.

Insights into the drives of change

Theset ofprincipaldrivers identified by participants held no surprisasd the results are consistent with all the
previous research into driveed change in the SES of the southern Qiapéisheryas well asvith the final causal
map. The BBN development process prodigialuable insights into how this group of fishers vi@ydrivers of
change central to achieving a sustainable fishery derived incomesthiésid results canndite viewedn isolation,
they provide aressentialperspective on whaishersconsiderimportant driversof changethat influence their
income. The CPTs and subsequensensitivity analyss arenot only tools which allow for an assessment of the
different drivers of changand their interactions thaimpacton a sustainable fishergderived incomegas the

outcomeof this modelut also provide important insightto system uncertainty.

Adistinct contrastwas revealedbetween the weighting in the hierarchy and the model outpuis. derive the

hierarchy, the questionsvere askeanore familiarly and diregtl Fishers tended to respond to these questions in

the same manner as they have done in the paseBBN development process allowed for the reframing of some

of thesequestions by asking for tteame information in a more indirect way. The resulting BBN and subsequent
sensitivity analysiprovide insight into what drivers of changbe individual participantsfeel are the most

important concerningthe central issue. The diverging opinions altbet direct andcontributing factorson

WL y Oshowé&iup abdds with the group consensus weightings thatre establishedvhen deriving the

weighted hierarchy The driversf W Ly Grethé 8BNpreseneda more balanceahfluencethan that assigned

Ay (KS WgSAIAKGAYTA o6& 0O2yaSyadmoR indidi®@aSalowed forthey G KA &
conversation to move beyond rhetoric and formulaic ansersLIN2 @A RAy 3 | NBFt SOl A2y 27
priorities. This is an advantage of using BBpecifically highlighted by Haapas et al. (2012a)lssues of trust

and powethighlightedwithin the skipper cohotby Duggar2012; 2018 werealso negated somewha thisthis

way of questioning.
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As with thecausal maps, policy and regulatory issues remain top of mind and fishers thus tend to attribute more
weight to this driver When considering the BBN model outputs and the sensitivity asabgsformedit is clear

that the influence the policy and regulatory issi€¢F S 2y WLy O02YSQ Aa YdzOK f Saa
suggests. Furthermore, the results of the sensitaitglysiseveakd that the influence ofprincipal nodesis
relatively evenly weighted as is the eas thecontributing factors Figure4.11 shows the outputs when the three

most influential nodes odhcomeare set tothe mostfavourable state; however, the influencexercised on
income isnot overwhelming witithe probability of earning a sustaiole fishery derived incomender these
conditionsncreasindgrom 29,4% (see Figure 4.1088.6%. This could be due to several facties probabilities

the fishers assigned in the CPTs were absolute as they tended to select extreme probabilitpgesdea. O

100%, 1090%, 2680%) with no moderate probabilities assigned to the combinations of variables where the
likelihood of a favourable /unfavourable outcoroeuld be assumed to be a bit magqual. The research also
took place at a time wherthere wasa largeamount of uncertainty regarding policy implementatigliscussed

by amongst otherSowman et al., 201.Gammage et al2017aand Duggan2018)and where fishery resources

were constrainedresulting inthis modelessentiallybeing run in a state 38w fishenyNB & 2 dBy.hFlicaton;

if there are no fish to catclit does not matter what is driving the change in the system, no fish equates to no
incomewith certainty. Fishers arehowever, not inclined to highlight thissue of resource scarcity, which is
consistent with previous resear@ammage, 2015; Gammage et al., 20drehe results of the causal mapping.

One can only speculate on why this is the case, but it may well be there is a fear that if relsallewgeswere
addressediirectly, fishers would be forcetth confront the fact that even if all other conditions in the fishegre

favourable, very littlevould changefor the better given the limited scope for alternative income.

Overall the sensitivity analysis results indicate that tiEisystem where there is increased variability which leads

to an increase in uncertaintigereby exposinghe fishers tdighrisk When considering the sensitivity analysis of

each participarit Q (AppendixD),itiscleati K § FAAKSNBAQ KI S RAFFSNByYyd LISN
dominantprincipatlevel drivers are. This result is more consistent with the first steps in the hierarchy setup where

the small groups were asked to giteir weighting of drivers before group consensus determined the final
weighting. In that first round, there was a group (see Table 4.5) of fishers who provisebhweighting to the

Wt 2f A08 YR wS3IdAFGA2YyQ | YR/ WLRA A Y el Satetibadhd nastk SND Q ¢
important. Although all the fishers agreed on the final weighting through a voting prieesiifering view of

these fishers can be seen in the sensitivity analysis of the individual particiipdensstingy, none of the groups
weighted¥eather/climateias being the most importaprincipaldriver even though the sensitivity analysis shows

that two participantsdid consider this to béhe most important. This could be because these participants were

not daminant voices in theigroups, or that the small group consensus opinion may have been divided from the

start. This aggregation of data is to be expected imtlisner of scaling from the individual to the group level.

Importantly, the BBN presentsaB@ NB 3+ 4§ SR Y2 RSt GKIF G 0SS gréviomshyshown | £ £ (K
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byHaapasast al. (2007); Haapasaari & Karjalai(@2®10) & Levontin et al. (2011) various studies carried out in

the Baltic Salmon fisherie$\hile itcould possilyibe used tanfluence group discussion inthe futuleK S Y2 RSt Qa
ability to easilycombine different knowledge streams and dhsdemonstratedcorroborating the findings of

Varis & Kuikka, 1997b; Kuikka et al., 2011; Barton et al., 2012; Haapasaari et al.wBid2ajaining the

uncertaintiesarisingirom discrepancies in individual views.

Suitability of using BBNSs in this context

The overall scenarplanning processvhich was the backdrop against which all the research has fi#eais

generally aolutiondrivenand orientatecapproachPeterseret al., 2003aPCC 2014; IPBES, 2@i6rosRozas

et al., 2015; Bennett et al., 2006an thissetting the BBN construction process created an important dialogue

ALk OS F2NJ WG2L) 2F YAYRQ A & a dzSthinkidgaeting, Svhild thduge Sfyhe | 6 2 dzi
BBN as a patrticipatory tool was not formally evaluated by participants in this research, such an evaluation carried
out by Zorrilla & Garcig2010)shows that stakeholders generally agreed to the usefulness of the tool in the
structuring of meetings while encouraging communications and discussions. Added to this the authors highlight
0KS dAaS Ay ARSYGATFEAYy3I ail | SheRiduR&seaictOn tisSbedyfsystenF | y 2 &
consistently highlights the uncertainty brought aboutlyigh variabilityvithin the systenfe.g.Ward 2018) This

uncertainty not only exposes fishers to risk but also hampers deqigi&img as fishers do hknow what to plan

for. Through the compilation of the BBN and the ensuing sensitivity asalylsecomes possible to identify areas

of uncertainty from the perspectives of the reseapettticipants. Other authors, includiftieman et al2007);

Ghabayen et a[2004; Uusitalo(2007) andHaapasaari & Karjalain¢2010 highlight the use of the tool when
addressinguncertainty in environmental system#he prototype model desiged in this research providea
snapshotwhere key uncertainties lie by providing insights into how the participants view the syEiemnihe

purposes of thisesearchthe importance lies ithe fact that the tool was implementable in this fishery context.
Additionally, he insights into uncertainty gleaned from the BRi¥ beerapplied irnthe ensuingscenarigplanning

prototyping exercisehaptetHve).

While the BBN described hetannd be used to inform a decisianaking process as suthe research question
was not framed in a way thaihe resulting model could be used a decision analysis mogéhe sensitivity
analyses carried ogelivesimportant insights In exposing the wertainty in the systemhis BBNhighlights the
spaceswherethere@2 YY 2 y I f A (1& A & ThefpiBcest lisédkoSidvide he RRMI, iy AbRyger
setting; provide an important opportunity for diverse stakeholders to learn aoh2 (i K SiNtRfview. Tis
BBN then also has the potential, if expanded, to be usdbdamderstandingf the nature of policy problen{s
both the context of the SSFP and regulations governing other sectibis)southern Capanefishery An exarple

of how a simulation modelind BBN can be combined in decisiogking context is provided by Levontin et al.

(2011) for the Baltic salmon fislyeAlthough their BBMraws on alternative management strategies, ppnecipal
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drivers explored in the prest thesiscould in a similar waye combined in a simulation model aihe stakeholder
experience documented here woulgbntribute to the evaluation of the likelihood ddittaining a sustainable
fisheryderived incomeEven irits current formghe prototype BBN presented heidemonstrates the views and
priorities whichparticipantshold ¢ a characteristic which will be most useful for combining more extensive

knowledges and perspectives in futyglanning processes.

As with the causal maps, theyecity building andocial/mutualearning in the context of this research cannot be
overlooked. The fishers were not at all used to having to think about their system in this manner, nor were they
used to the abstract thinking required in the @BMmpleton process. Although this sled down the research

process considerably, it also provided the opportunity for social learning. Social learning in this setting is especially
important as it add to the capacity building required to mitigate lotgym risk Importantly, after the first
workshop it was not clear if fishes would be able to complete the CPTs required to parameterise the model.
Through the workshopping process, whpegticipants and the researcheould exchange ideas and knowledge,
conditons were created where most of the fishers were able to complete the CPT process successfully. This
demonstrates the value of continued engagement with fishers and other stakeholders to create enabling

conditionssuch as spaces for active dialogue anahlag, required fortransformation in the marine SES.

4.4. Keyinsights

Apart from the toolspecific questions addressed within tttigpter the research also addrestitwo overarching
guestions (se&ection 1.10). Thiirst question, addressed withiBections 4.2.3 and 4.3.4yedated to new insights
into the SE®&hich cameo the fore through the use afausal maps and BBNEhe second question is related to
knowledge that was gained through the iterative implementation prac&sslowing from preious research
(Gammage, 2015) and the causal map and BBN construction profisiseesand participants) may not always
explicitly recognise the importancesgiverabrivers of change ithe SESFailure to account for important system
interactions ad the role played by such stressors on the short term can severely irtigddmbility toproactively
respond to future change in the long terms outlined bye.g.Walkeret al. (2004andFolke et al. (200&010.
From conversations with fishetgough the mapping and BBN modelling processes,drbeclear that although
issues concerning policy and regulation are foremost indheNJi A 9ikds ds el se@it as the most direct and
pressing threat to their livelihoogisiressors such awvalability of fishare neglected in the discoursasdiscussed

in Section 4.24, this is not a challenge unique to South African fishekéhile the causal mapping process helped
to highlight many of the issues that remain hidden in a narrativgriegrs of changgt did not effectively help
moveparticipantsbeyondg K I i O 2 dzstBndaidSB D LJ2 Yhi& &ssiafature of the causal maps did
however, assist fishers with piecing together the drivers of change into a view of the system tedtbepond
the abstract to something more concrete. This highlights the need for adequate problem (re)framing and

(re)structuring when embarking on policy and management proceasashighlighted byHaapasaari et al.
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(2012b) It remaingmpossible to employ good decisiomaking (any scale) if social constructs of management
problems and challenges are not accountedBaiton & Stewart, @2) The use of the decisianaking tools in

this context (specifically BBN), has allowed for questions regarding topics very familiar to fishers, to be reframed.
This has helped to move beyosuperfigal, standard responses anddteen very succstul in helping move the
conversation along from a probleanientated space to a solutiespace.Not only does this prototyping process
provide a blueprint for future planning processes using SDMTSs, but importantly for this research, it informs the

develgment of the scenario stories as described in Chapter Five.

While the participantsengaged relativelguicky with the Causal Mapghe BBN mapping process was more
challenging to completas theprocessvasmore abstract and complicated than that oktbausal maps. After

the first workshop, it was not clear whethérwould bepossibleto complete the BBN process as planned
especially considering thiteseparticipants havdow levels of formal education and had never participated in
such a structured decisienaking processThe second workshop (discusse@liapterrive), did not contribute

at all to the BBN as such, although the discussions contributed to learmirgnable to complete the CPTs in
WorkshopThree. Animportant contribution made by the development of the BBN is to the procesapicity
building, and possiblsociallearning at the smallest scales of interactioThisvastrue for both the workshop
partidpants and the researcher alikEhe usefulness of such participatory modelling metliotize promotion of

mutual learning and in providing insights into values and knowledge held by participants are highlighted by various
authors includingvan der Bel(2004; Gregory et al(2012)and Tuler et al(2017) Importantly, learning and
capacity buildingvas facilitated in that fishers, through the various interactiagginedknowledge, thereby
contributing to capacity building within the context of the individual and the groupleanisngwill be extremely
beneficial to fishers when embarking on a larger scale sceplariaing processif they do not feel empowered

to gpeak up when they are in a diverse stakeholder setting which will likely result in some heated discussions, their

voices and opinions will get lost due to the unequal power relations at play.

Insummarythis chapter has address#iik use of the causal@aps and BBNs in the present resedochnhance
ourunderstanding of drivers of change within the marine@#fe southern Capespecifically feedback loops and
indirectinteractions Additionallythrough the implementation proces#he suitability otthe tools in an iterative
and interactive participatory modelling with disenfranchiéeters have been reflected o@verarchinghemes
emerging from this chapteand discussed in Chapt8x, are related to semguantitativemodelling,the use of
suchmodellingtechniquesto address issues of scadad the contribution the development of these tools can
make towards EAF implementation in South Africa. Importahtycausal maps and the BBN development

process both played an important role in theario planning process described in Chapter Five.
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/| KI LOASNG

Failing to plan is planning to failessons learnt from a scenaro
based approach to change fishing communities in the southern
Cape

5.1. Introduction

The failure to appropriately recognise integrated marine ecosystems has resulted in depleted ocean resources,
negatively affecting resouregependent communitiefv/an Sittert, 2002; Ommer et al., 2012; Jarre et al., 2013)
Added to this, increasing environmental variability due to the effects of climate changeregstemdilled with
uncertainty and increasingly vulnerable to chafwpe Perry et al., 201IJhe southern Benguela is no exception.
Previous researdammage?015 Gammage et g2017aandChapteiThree of this thesjsdescribe the localised

drivers of change in the coupled so@ablogical systetSES)f the southern Capftom the perspective of the
linefishers. The research expesivers of change and the resulting uncertajisty documented iGhaptefFour.

Varying change response $tigies (coping, reacting, adapting) implemented by fishers highlight the effect of
AYONBlIaAy3d GFNAFOoATAGE | y Rnakhg{Gadanad 20tkyGadidyd ehafie 2y
2017b)while showing how difficult it is for linefishers tespond to variability and change proactiveaving
ARSY A TA SR ityliofeSporil fo shn§eMiiequatdipddiscudsifig the relateahcertainty(Gammage

et al, 2017,b; Gammage2015) a scenaridbased approach to chandas keen identified and proposed as a
suitable riskmitigationtool. To avoid potential future maladaptation, continued disempowerment of already
disenfranchised communities and to secure sustainable livelihoods well into the futamhox approach to

management and change thought tobe mostsuitable.

A scenario is a structured account of possible futures and desériBel i WO2dZ R 6SQ gKAf ad |
method for thinking creatively about complex and uncertain futffetersoret al., 2008 Amer et al., 2013;

Bennett et al., 2015; OterdRozas et al., 201¥ervoort et al., 2015)The method aisito unleash the imagination

to explore and embrace the future as opposed to just endurfgitvoort et al., 2015)The process of imagining

future worlds should empower resource users to recognise ways in which they can ovetwll®eges and

envision and pursue better futures. Furthermore, the peaatif conglering a wide range of futures can ideally

reveal important aspects of the presdiervoort et al., 2015)Scenaridnased approaches offer a useful way to

respond to change by allowing stakeholders to envisage possible futures in the pursuit-déteprened and

common goal and provide a useful alternative to @mtuhs and forecasts as stakeholdeasiconsider the type

of futurethey deemdesirablgHaward et al., 2013)Unlike forecasts, scenarios empres@nplex uncertainties

that are not controllable by decisiemakers. The determination of trends, predictions, future visions and models
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remain part of any planning procelsweverthesemust not be mistaken for the scenarios themselves. Scenarios
can compromise realistic predimtis of current trends, qualitative predictions and quantitative models although

the value often lies in developing a qualitative and guantitative understanding of the system and in stimulating and
encouraging participants to evaluate and reassess systéigisti&reeuw et al., 2000)A suitake and useful
scenario incorporates imaginative speculation with a wide range of possibilities, scenarios that are based only on
current system knowledge and understanding have limited power in assisting resource users and stakeholders
when planning for aanpredictable futuréPeterson et al., 20@% The process furthermore creates opportunities

for stakeholders to engage in a learning process that can result in developing an enhanced understtading of
structure of and dynamics with{ilaward et al., 2013)ntheendwhenad @ 4 1 SYQa & (G NHzZOG dANB = OF
driving forces and assumptioase better understoogdiit becomes increasingly possibleawoid unsustainable

reactive responses. A moredapth analysi®f the uses and limitations dfie scenario planning process is

presented irChapteTwo(Sections 2.4 & 2)5

Transformative scenario planning (TSP) makes use of backcasting techniques to create normative scenarios which
explore possible futures. These scenarios are exploratory and spedUlétve et al., 2018nd are designed to

for all participants (or actors in the system) to warboperatively and creativelp get a complex problem
untangled and moved forwar(Kahane, 2012, b). The conceptualisation of the scenario planning exercise
outlined in thischapterhas been informed by the principles of the TSP (outlin€fapter Twg and takes the

form of a prototyping exercigStarfield & Jarre, 2011 here arghowever criticaldifferences between the steps
de<cribed by Kahane (20420 and the steps followed here. Importantly the process outlined by Kahanea(2012
b), calls for a heterog@ous group of stakeholders to participate in a planning process convened at a large (e.g.
regional or sectoral) scale. the context of this fisherythis would include stakeholders from industry, decision
makers at the local, provincial, and national governniieatchesvarious NGOs, various sgitoups within the
fishery, researchers and other interested parties. Thaasie planning exercise described here has been
conducted within the community of fishers from the town of Melkhoutfontaimd forms part of the same
workshopping process introduced in Chapter FdDonvening the scenafitanning exercise on a smallealsc

was done to develop, together with fishers, four stories of what the future may hold for Melkhoutfontein using an

iterative scenario planning exercise based on the principles of TSP.

Specificallythis chapter aims to addreggm 4 of this thesigSection 1.9, by addressing two broad questions
(Section 1.10)(1) What are possible pathways (future stories) for the future development of Melkhoutfontein
within the context ofkey driving forces as identified through an interactive, participatory soerpaldanning
process? and (2) Does this process promote learning, thereby building capacity for disenfranchised (and often
powerless) fishers to not only create adaptive capacity at the smallest scale of operation but also to empower them

to be able to partipate meaningfully and confidently in larger scale scenario planning and governance processes?
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THschapterprovideshe methods used to arrive at the scenario stories as well as the results from the workshops.

The initial and refined scenario storige aresented, followed by a discussion of the implications of the results.

5.2.  Scenario planning approach

The overarching methods and associated data collection methods and timelines are pres@ttegt@mwo,
Section2.60f this thesis. The methods presented here follows those that pertain directly to the scenario planning
process. The process followed in this prototyping exercise was extensive aAdauatdti. Figure5.1 outlines

the various steps in the scenarianstruction processwhile Table 5.1 shows the number of participants who took
part in the various interactionsThe method and process followedAforkshop On@nd Three are detailedin
ChapterFour, Sction 4.3.3.
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Workshop 1 Workshop 2 Workshop 3 Feedback

1 4 9 4 v
Imagining what Melkhoutfontein Construction of conditional ] ; ] :
Parametrisghe system would look like in 30 yeargdglourin probability tables for BBNinsight Scenarg)n?(t:(i)r;er?t ?r? njttsr;uctlcm O mfosrergz: ofﬁgdback g
scenario spaces) into system including values, beliefs P p p
A4 9
Addition of research knowledge to .
Identify important drivers of change fill gaps (gaps identified by BBN " 2mphletdrop to Melkhoutfontein
households
output)
9
Development of visual resource with
Identify central question results to supply to fishers as part of Verify results (if possible)
feedback
A4 9
Identify two most important drivers Insightsfrom participants re
in system (defined scenario spaces) experience (if forthcoming)

Figure5.1. Scenario development process followed in the Melkhoutfontein prototyping exercise. The Causal map and Bayesiandielmk development process in
WorkshopsOne and Three (described inChapterFour), delivered their own, separate outputs whélforming part of the overall scenario development process
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For the scenarios, the outcomes frafvorkshop On@llowed participants to identify their key (central) concept

and fourkey DrivingForces (KDFs) central to this concept. Partitgparre then asked to vote to determine the

two KDFs around which they would build the scenario spaces which were discussed in visioning exercises in

WorkshopTwo. As withWorkshopOne,the programme for the day faVorkshop TwdFigure5.2) had to be

adjusted as it became clear that participants were not willing to engage with many of the workshopping tools that

were planned and instead preferred to talk through the issues at hand in a large group setting. The day also had

to be shortered to accommodate the participants and to ensure they would stay engaged. Due to these

constraints, some of the planned outcomes were not realised.

Workshop 2 programme

09:00 - 09:15:

09:15 - 09:30:

09:30 - 10:30:

10:30 - 10:45:

10:45 - 12:30:

12:30 -13:15:

13:15 - 14:15:

14:15 - 15:00:

15: 00

Welcoming and introduction
Overview from previous workshop, insights from participants

Developing explorative scenarios — What can happen to Fishers’ income if the current
governance and management framework is maintained? Flipboard paper, ideas recorded

For the purposes of this exercise, climate change is a given. Name scenarios around the 2 key
uncertainties evocative titles /positive and negative. Refer to values, issues, drivers

Tea
Develop scenario narratives. Each group has one scenario. LEGO & Newspaper headline exercise.

10:45 — 11:30: LEGO — build a depiction of what Melkhoutfontein may look like in the future
under given permutation.

11:30 - 12:00: Newspaper headlines — what would the newspaper headlines be on the journey to
the future you have constructed?

12:00 - 12:30: Feedback and discussion.

Lunch

Step back — construction of CPTs (guided completion of questionnaire).

Next steps regarding scenario planning (follow up workshop for feedback mid-June).

Tea & Closing

'/PLQ GRAOM!

/‘_’_’_’_’—’ v
03 90 - QA 05 \\M\I\EQ\kom\m%_

SORS— \0:30 SCQNX\O

/’?\_DEFXB(\“\(\:B

\RS50- ors ee

QLO
\ous -\ o Q\SI\N\&
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. p\ ?b\\)@\\(\(\
SNS0® 8

Figure5.2. Programme forWorkshop Twog detailed plan onleft panel The workshop had to be shorteie
to keep to the ethos of participarded research resulting in many of the planned activities, notably the LEGO,

newspaper headline exercise, and the construction of the CPTs. The amended programme (in Afrikaans) is

shown on the right

While the discussios emanating frorWorkshop Threelid not directly feed into the scenario spacigy did

serve to complete the CPTs required to develop the Baybsi@finetwork (BBN).The BBN outputs informed

the final scenario storigsy identifyingother importantdrivers(specificallyclimate) which: NB

ability to earn sustainable fishery derived incomes (see Chapter¥otion 4.3.3.2.).

Table 5.1 Workshop articipants numbers per interaction

OSy i NI f

Interaction Number of Participants
Invited participants 20
WorkshopOneattendees 14

WorkshopTwo attendees 8
WorkshopThreeattendees 9

02
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Figures.3 shows a summation of the process used to construct the final scenario stories, as well as the data sources
used. In constructing the firmtenario stories, the information from the fishers (frdvorkshop Twipwas collated

into four broad scenarios. Research knowledge and expert opinion regarding two KDFs (climate change and
changes in resource status), that were not included in the workslsmuission (se&ection 5.3) have been

included based on their importance to the functioning of the fislzerydentified by the outcomesf the BBN

sensitivity analysesTheywerd 8 Y i KSAAaSR 6AGK GKS FTAAKSKNEBQ A0Syl NA?2
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Resource (Fish)
Stock status

Figure5.3. Methodology involved in deriving the final scenario stories. Participant derived scenario stories were backdropped withcfioei and assumptions
(scenarios based on current data). Thdsackdropsconcerned Climate ftange (in the context of prevailing weather conditions) and Fish stock resourcéh@rcontext
of pervasive resource scarcity the area). Data sources are shown in red text
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The final stories were included in a pamphlet designed as a feedback resource to fishers in the south&heCape.
feedback session with fishém®k placeAugust 2018, more than a year after the conclusion of the workgkeps
Table 2.6) The purposef the feedbackvas to present the final scenario stories to the participants provided

an opportunity to reflect on both the stories and proceks$ook the form of informal feedback provided to ore

on-one contact sessiongVhere fishers were not ailable, a personally addressed pamphlasthanddelivered

53. Resultsscenario planning process

The scenario planning process took place in of Melkhoutfontein with the associated community of fishers as the
key stakeholder§urther referred to as pdicipants) The first two workshops were used to gather the information
required for the development of th&BNs (seeChapterFour) and initial scenarios. The third provided the

opportunity to feed some results back to participants and complet@Bisconstruction.

5.3.1. WorkshopOne- defining what is important

The first workshop primarily focussed on the BBN construction and is described in more GétapterFour,

Section 4.3.1 The latter part of the workshop was devoted to the scer@gnning process which was started

with a general discussion regarding the drivers that influence figlegiyed income. Fishers were asked to
identify four KDFs they feltere most important when considering their future fishidgrived income. Climate
change (variability), changes to the biophysical system, sufficient disposable income and access to marine
resources were identifiekly group consensus. The final two drivers to be lisétk scenarisweredetermined

by an individual voting procesétK isptisable incon@nddiccess to marine resourd@seerigures 4), receing

the most votes. This was a surprising choice, given that a bigeziessrlierbeenmade for the inclusion of climate

change as the more pertinent threat to livelihodgse Chapter Four)

Access

W &oegma fot SeckyoniR | Bate (Qenceqam <9y 4 g 0 . ) .
E \ b Sufficient access to Marine Resources Sufficient access to Marine Resources
‘x“. N deld ({\Cohte w‘r“‘ 7] \ \ AN UXON ye [ Insufficient funds (income/capital) Sufficient funds (income/capital)
\ )
|
\ f
g ——ma— > Capital y= g
) | B (deror '»";,u?\‘ tx9xg et
i oo Hob e bioane | Dete (gerogsane ) gang fer
‘\‘\“ Mum \ ¥ e,
y " o) ( . \ } SAG e i) Insufficient access to Marine Resources Insufficient access to Marine Resources
e geld [ INKOMSk (£d) )l ) MY/ LNy, . c e
{u.\‘ ‘ VN f | Insufficient funds (income/capital) Sufficient funds (income/capital)
|

Low

Figure5.4. Key Driving Forces (KDHRdgntified by participants. Access to marine resources and access to
capital (funds) were identified as the two most important driving forces when considering the ability to attain
a sustainable fishenderived income. On the leftthe possible scenarios and states as determined in
WorkshopOne are shown, theright panelshows the same drivers and states in English
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5.3.2. WorkshopTwoc exploring the future

WorkshopTwowas a onaday workshop with the samiavitedparticipants as patvorkshop Ongalthough fewer
participants atteed (see Table 5.1)Theworkshop aimedo construct potential future stories around the
scenario spaces created by the two drivers selected by participalt®ikshop OndFigire 54). As with
Workshop Ongsome adjustments to the prglanned programmevere madeand preplanned exercises such

as the buildingf future MelkhoutfonteinusingLego and newspaper headline exersigerereplaced with large

group discussions at the request of participants. The programme adjustmaemiasiago ensure that te concept

of participantled and inductive research was not undermined. This resulted in data that were not as detailed as
anticipated. This data scarcity has been addressed in the final scenario story construction process by
supplementing workshop dataith other data sources (stressors and GULLS data, the outcomes from other

scenarios, modelled projections for fisheries and climate, research literature and expert knowledge).

As this was the firdime participants werdormally A y @2 € @S R @kl KA Y (yARY JWHF 2INBLINE | OK
reticence to engage was noted. Participants initially appeared uncertain about what was required and defaulted
back to describing current circumstances. As discussions progressed, participants became increasingly
comfottable, and they engaged with increasing confidence. It waswatse comfortablefor the participants to

engage with the more positive scenario spaces (notably those where disposable income was not a problem). This
may be because the leincome scenarispaces were closer to the resent day reality. Previous research
(Gammage et al20178 has shown that fishers feel powerless and unable to change current circumstances and
this hopelessness was reflected the first (low income, low access to resouetesjosspace. In the scenario
spaces where disposable income was low, there was parity between current and future livelihood activities. The
development trajectory for infrastructure development in the town was the same for all four scenario spaces. The
pace and scope of the development varied, with the figbme scenario spaces showthg most significain
improvement over the shortest period. Themes/drivers included in the general discussions of the four scenario
spaces include the biophysical eoiment (fish abundance and climate), other fishery sectors (inshore trawl),
policy and regulation (smaltale fishing policimefishery and socieeconomic considerations (local and national
economy). Figures®x 5.8 show the participantlerived sceario spaces Thesare described in more detail in

Section 55.
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Figure 55. Insufficient access to marine
resources/Low disposable incomescenario
Green cards depicts current and potential
activities that participants engage in the present
time. The ked text reflects the town in 30 years
blue cards indicate future livelihood activities
that could be engaged in

Figure 5.7. Insufficient access to Marine
resources/Sufficient disposable incomscenario
Blue cards depict future livelihood activities that
participant could engage them. The ed text
reflects the town in 30 years

Figire 5.6. Sufficient access to Marine
resources/low disposable incomecenaio: Blue
cardsdepictscurrent and potential activities that
participants engage in the present timeThe ed
text reflects the town in 30 yearsandyellow cards
indicate future livelihood activitiesthat could be
engaged in

Figure 5.8. Sufficient access to Marine
resources/Sufficient disposable incomscenario
Yellow cards depict future livelihood activities that
participant could engage them. The ed text
reflects the town in 30 years
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5.3.3. WorkshopThree

The mairaim ofWorkshop Thregvas to complete and populate the BBnditional Probability Tables (CPTs) as
detailed in ChapterFour The workshop also provided the opportunity to revisit any issues that required

clarification and for the researcher to provide feedback on the progress being made in the overall research process.

5.3.4. Desktop workfinal scenario construction

ThehR aKSNDa &aO0OSyl NA2 aiG2NASa KIFFS 0SSy WwWol O]l RN2LILISRQ
as well ageneral climate predictionsee figures 5.3 and%®. The decision to include these two drivers is based

on the BBN model outputshere the importance oflimate variability and changiriver was highlighted. The

impact of resource scarcity was also discussed extensively by fishers throughout the workshopping process and

the decision made to include this driver was made as the fish@lready experiencing resource shortage and is

in effect operating in a state of resource scardtye following sectiopresents the background information future

changesiy 5Ca& y 20 Ay Of dzZRSR Atlyat hivéb&en intdgritd ik i finalistyfigs Q& 4 G 2 NK S 3

5.3.4.1. Additional background: changes in weather patterns in the southern Cape

Whilefishers often attribute the current and pervasive failures of kob catches on drivers like policy and regulation,
lack of funds (capital) artde impacts of the inshore trawl fishery in the area; the underlying cause appears to be
kob scarcity. These shortages are most likely due to a combination of the effects of anthropogenic climate change
and fishery impacts (specifically historical esgloitation) which place severe pressuretba southern Benguela
including the distributions of marine speci@Blamey et al., 2015; Currie, 2017pPiscussions with fishers
throughout the workshopping proceseghlight the importance of weather on their ability to proceed to sea.
Fishers specifically note a change to feat@blished weather patternespecially when considering wind and sea
current (Ward, 2018; Lyttle, 2019 he analyses in Chaptéourshow that although some drivers (like climate
variability and change) are not alwai¢g of mindQit does nomean that the effect of those drivelsnot felt and

that they do not exist. The BBN outputs (see Chapter Four), highlight the importance of climate drivers in this

fishery system.

Status of climate variability/change in South Afriead the southernCape

{2dziK ! FNAOI Qa Of A Yoénihi&e sidés of B ebdatryl: {THe Boutliedd coasKisSwarhOS | y
temperate with varying rainfall regimes that include summer, winter and bimodatjperainfal(DEA, 2013)For

South Africa, the mean annual temperature in South Africa has risen at least 1.5 times more than the observed

3t 20l f F@SNIY3IAS 2F nocpe/ 0SG6SSY wmdowyofekighie ramfa@lmn @ |
events has occurred over the same pefidigrvogel et al., 2014)ith LTAS model outputs indicating a significant

increase in future flood risk (DEA13); trends in rainfall indices shadecrease in the number of rain days which
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could indicate a drying tren@acKellar et al., 2014Recent research into rainfathd temperature trends in the
southern Cape by Ward (2018) found no clear trends in time for changes in rainfall amithough high
variability has been noted. Farmers interviewed hbegvever, indicated that wielthe amount of rain has not
changed ginificantly, the rainfall patterns had been changing over tifike oastal temperature in the area
displays more variability than that irior temperatures. There were more prevalent outliers for warmer
temperatures, particularly in austral winter. éde observed trends are consistent with lortgem predictions
for the WesternCape where hotter, drier conditions are expected as climate change adyifamiellar et al.,
2014)

Climate and the marine environment

The South African coastline, one of the most naturally variable in the world, is approxidd@@km long and
incorporates ecoregions ranging from ct@hperate on the west coast, waramperate on the soutlcoast to
subtropical on the east coad¥lead et al., 2013)The continental shelf widens west of East London and east of
Cape Point to form the roughly triangular Agulhas bank, which extends about 250 km (135 nm) off the coast of
Cape Infanta (Gammage, 2015). Spatiatemgoral changes in the Southern Bengeaasystem (described in

more detail in Chapter One) are attributed to various natural and anthropogenic drivers in the syskeas biotic

processes, changes in structural habitat, climate change and {iBléngey et al., 2015).

The research area ardupled fishing activities of fishers are found in the inshore of part of the Adialhks The

hydrology of the Agulhas bank is primarily driven by the wind redgimaedgulhas current running along the shelf

break and seasonal overturn of shelf watglarre et al., 2015). Analysis by Rouault et al. (2009) irglicate
AUNBYIGKSYAYyI 2F GKS ! 3dA Kl & OdNNByiQa Ffz2g 20SNI
Rouault et all2010 confirmed offshore warming and inshore cooling; corraltiog findings by Roy et al. (2007).

Blamey et a2015) however, indicate a consistent warming trend across all seasons with general warming most
distinctive in the earlgouthern hemisphere summer months. Therengre disagreement between signals of

different datasets for the Agulhas Bank than for the other subsystems of the Benguela (Jarre et al., 2015). The
exact the interplay and trend®ncerningsea temperature are difficult to determine for the greater AguiBarsk

(Lyttle, 2018; Ward, 2018)

Two distinct ecosystem regime shiftee 1960s and mid 990s/early 200Qshave been identified and verified
(Howard et al2007; Blamey et al., 201@)ith Ward (2018) finding evidence of a potential thirthemore recent
analysis.Research into historical and prevailing wind regimes at the scale of the southerrh&apkowmo
significant and discernible trends at the small scale (near Sheedl, 2018and thusaccurae future predictions
are problematic However, Ward?Q018 finds that offshore wind drivers shomore evidentrends of increased

wind speeds over time #te shelf scale. Lyttl@@19) show that this trend of increase in offshore winds influences
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swell which results in increased in wave heights on the inshore scale of the southeraltBapgh both these

analyses are dependent diationalCentrefor Envionmental Prediction (NCEP) wind data.

5.3.4.2 Additional background:changes in the fishery system

Fishers identified changes in the biophysical systems as one of the four KDFs in their system. As this system is
currently operating in a state ofgeurce scarcitfGammage & Martins, unpublished data; Martins et al., in review;
Duggan, 2012; Gammage, 2015; Currie, 2017; Gammage et al., 2017a; Thegténe focus of the biophysical

KDF for the final scenario story will be placed on the current and potential future status of fishery resources in this

area.

Status of fishery resources in the southern Cape: present day

Climate change and variability havieedt and indirect impacts on marine resources. Direct impacts include
changes in physiologgpecifically growthand reproductive capacily mortality, distributionand behaviour
Changes in productivity, structure, and composition of the marine eemsgabn which fish are dependent for
food are indirect impacts. Fishing effort, biological interactions, anetivoatic environmental factors may also
have similar effect@rander, 2010; Hollowed et al., 2013)

Changes in species abundance and distribution are mechanisms by waigksfisbources in an area can change
over time. It has, to date been difficultdetermine inefish stock levels in South Africa accurataly particularly

at the scaleat which thelinefisheryin the southern Cape operatsee Blamey et al., 2015However, for this
scenario exerciseve can assume some changes on the ssnale based on leyer scale change provided by
previougresearch in the southern Benguela and Agulhas bank to establish potential future systenisctabs
Blamey et al., 2015)or these scenarigsis only necessary to ascertain what changes fish stocks maygarider
the broadest term. A synthesis of ecosystem change seen in the southern Benguela by Blani291&) al
describe changes seen in the southern Benguela ecosystem, whilst Currie (2017) provides a comparison of
historical baseline data from the demald$rawl fishery on the Agulhas bank to a data from a resurvey in three
locations (Cape Infanta, Mossel Bay and Bird Island)zNNX S Qgiovidddaiu&bleidGhis into how fish
assemblages in some species key tdlitiefisheryin the area have changedgardingspecies abundance and

distribution over the past 100 years and allow us to speculate on potential future trends (in the broadest terms).

Changes irthe distribution of key fish species on the Agulhas bank

Changes in mie distributions for the southern Benguela are wdgitumented, although most of the knowledge
of the physical and ecosystem change stems from the west coast of South Africa resulting in a poor understanding
of the system dynamics on the Agulhas bankfiqudarly at small, localised scal®lamey et al., 2015;

Watermeyer et al., 2016; Currie, 2017pPne of the most important distribution shifts se@ the southern
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Benguela is the southward and eastwahift in distributionfrom the west coast to the Agulhas bankaafdine
(Sardinops saggrandAnchovy Engraulis encrasicolu®jan der Lingen et al., 2002; Fairweather eR8I06) As

sardine and anchovy are important prey fish, it is thought that this shift may have had an impact on other
ecosystem parts including distribution or abundance of fish and squid. Watermeyer et al. (2016) found evidence
of increased catch pportions of amongst others, squiddligo reynaudi kingklip Genypterusapensiy round

herring Etrumeuswhitehead) and chub mackereS¢omber japoniciseast of 20°E (east of Cape Agulhas)
following the documented shifts in sardine and anchdigribution. Other significant eastward distributional

shifts noted include west coast rock lobstiagus lalandi{Blamey et al., 2012nd theeastwardrange expansion

of kelp Ecklonia maximgBolton et al., 2012)

Changes in abundance of key fish species on the Agulhas bank

The analysis bZurrie (2017)jncludes changes in abundance for fish species found on the Adgalhks
Srecifically, declines in thikob abundance seen in the area are severe. Whekebscatchesn trawlswere
dominant (up to 25% of the catch) in the 1903/1904 baseline, they were absent in the repeat surveys of 2015. This
evidence is in support of othensties(Griffiths, 1997,2000) Y R T A a K §3ddintage| 2016 Satnyhéga et

al., 2017aMartins et al., in reviely Currie (2017) shave substantihdecrease in thé&ob catches in the inshore

trawl in the first half of the 20 century which idikely indicative of early fishing pressure and resulted in the
removed a sizable proportion of the pdisturbed populations dkob (Currie 2017). This cdeg with more
significantpressure in the mid960s and early 1980s has likely contributed to the severe depletion of stocks
experienced in the present time. Other commercially exploitable species from the area which show declining
abundance include sivs/carpenter which was found to be 0.1% of historical abundance and white stumpnose,

which was found to be at 0.1% of historical abundance (Currie, 2017).

At the same time, the same comparative worked carried out by Currie (2017) has noted an incleasdance

in among others, gurnard€kelidonichthys sppand horse mackerell tachuruscapensiy  However,these
species present little opportunity to tHimefishery in its current format. Currie (2017) research carried dbein
context of inshorgrawl and dd not necessally overlap withthe linefisheryin the same area; however, conflict
betweenthesefisheriesswelldocumented; lindishers accuse inshore trawl of increasingly encroaching on their
fishing groundsand due to interconnectednesstbk habitats in the souther@ape/Agulhas banicosystem, we

can assume thatcological niche replacemendas taken place the inshore part of ecosystem.

Fishery resources in the southern Cape: potential futures

It islikely that the biggest drivers of change in this marine ecosystem will be fishing pressure and the effects of
largescale, londerm climate variability andhange. Wtél the examples of distributions shift and changes in

abundance highlighted aboware by no means exhaustive, it illustrates the current state of system flux and
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underscores the problem of resource scaradgulaty highlighted by fishersRegardindishing pressure on
inshore marine species, even though inshore trawl effort has sigtiifickeclined in recent yearthie aftereffects

of longterm trawling may have resulted in irreversible damage to traditional stocks. Historicéanmawling

on the Agulhas bank has likely led to a reduction in habitat complexity. Modified doergyathways would
benefitspecifidaxa but negatively affect others. Taxa that have declined on the Agulhas bank are associated with
reef habitats whé species that are displaying an increase prefer soft substrates or inhabit both hard and soft
benthic substances (Currie, 2017). The survey sites used by Currie (2017) have remained commercial trawling
grounds since the initial historical surveys took place and thudikedfabitats, consolidated substrates structure
forming communities that may haeen present historically have likely been removed or degraded by trawling.
This seems to have promoted a change from partiadlff associated assemblages to catch compositions that are
dominated by taxa associated with unconsolidated benthic habifiis support the belief that extensive trawl
activity on the inshore trawl grounds bank has modified benthic habitats. If this is correct and the sediment
structure has been modified by trawling, the benthic habitat, together with the part of the fishingnunity that

is dependent on it, maye permanently altered and fail to recover, even if fishiegastopped (Currie 2017).

However it remairschallengingo predict marine ecosystem and fisheries responses to climate change accurately
Complex spaes distribution relationships, variation in abundartbe,impact of overfishing couples with other
system stressors create knowledge gaps that are difficult to circumvEfiective modelling is limited by
incomplete information on the functioning ofidiogical resources and the physical changes in the oceans.
Moreover, there is also much uncertainty abdhe future impacts of climate change, specifically at local scales
such as the southern CaffertegaCisneros et al., 2017, 2018)

As described, several marine species have already shifted their geographicRewgesing A a K a4 LISOA Sa Q
response to warming, a (southestvard migration of warm temperate species sucksaslbeKor Capesalmon)
(Atractoscion aequidehscould occur. The temperate regions may also contract, sutlth coast species

potentialy affected by increased upwelling, related temperature extremes, reduction in runoff and habitat loss
which will result in a decrease subtropicalspecies diversity and abundance. Extreme rainfall and dry spells,
together with sea level rise could result in thes of nursery habitats. The positive impacts of increased rainfall

could be offset by seasonal shifts that may confuse behavioural cues at critigsidife stages such as spawning

and migration For example,langes in freshwater flow, sea surfaemperature, and turbidity may impact the

squid fishery and endemstibtropicalinefish such as white Steenbaghognathus lithognathys

For the Agulhas banK populations are pressured tmove due to anthropogenic warming, some of these
populaton may be facing a dead enfithe bank were t@xperiene a netwarming effectcoolerwater species
could move towards and into the upwelling ecosystem of the west coast, where cool shelf and inshore waters

might be maintained_amont et al., 2018)it is however, likely that if the highlgroductive westcoast subsystem
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suits their habitat requirements, they already occur there. The southern edge of theg\@ank together will

serve to limit the possible poleward expansion of demersal and pelagic species and could signify a potential dead
end if changing environments force species to migrate south{@aydCurrie, 2017) However, warm tempate

species which could migrate south (east)ward due to warming could fill the niche created by the loss of the colder
water species, presenting line fishers with alternative commercially exploitable species which would not

necessarily necessitate a diasthift in fishery or strategglamey et al., 2015)

In another scenario, the bottom waters of the Agulhas Bank may cool due to an increase in coastal upwelling
(Lamont et al., 201&nd/or greater sheledge upwelling, Wich we would expect to be driven by variability of the
Agulhas Curren{Rouault et al., 2009; Beal & Elipot, 20T8)e likely impact would be on tleld easten ridge;

(Swart & Largier, 1987; Lutjeharms et al., 2@@@)inshore parts of the bank through increased coastal upwelling.
Species wishing to avoid the colder waters may move further east, towards the warmer bottom waters found near
the slightly warmer inshore areas between Mossel Bay and Cape Agulhasealkisiarrow when compared to

the greater (but cooler) Agulhas Bank and suggest that these distribution changes could result in the reduction of
the geographic spreanf the population. Furthermore, the increase in upwelling would likely increase pigitjuc

in certain areas which would cause further changes in the ecosystem (Roberts 2005). Along with the copling trend
therewould bepotential for species such as yellowtaitiola lalandiito migrateeastvard into the fishing grounds

of the southen Capdinefishery(Blamey et al., 2015)ffering a potentially viable alternate linefish species to

target.

5.3.4.3. Summary of scenarios deri//eom additional drivers

Figure 3 shows four possible scenarios based on current and potential changpedies distribution and
abundance patterns on the AgulH2enk. Climatic drivers have already been incorporated in that that fish stocks
could respond to warming/cooling of the Aguligask. Conversely, warming or cooling seen in the Agulhas bank
will likely be a function of larger scale climate changed thust becomes unnecessary to take specific climatic

drivers into account for these scenarios.
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Linefish(specificallykob and silvers) catches continue to decline, no commercially viable species take up the niche left by the decline in thejehain
species. Fishers keep targetikab, silvers, sharks and other red (reef) fish when available. Fishers forced to diversify outside fishery to sustain
livelihoods. No significant/observable cooling or warming trend on the Agulhas bank seen.

Current situation in the southern Cape linefishery continues akadb, silver and shark catches are landed when availabbouwgh catches remain
relatively low, fishers catch enough fish to 'get by' and whilst they engage in outside livelihood activities to suppfemast the 'diehard’ fishers do
not permanently diversify out of the fishery. No significant/observable cooling or warming trend on the Agulhas bank seen.

Cooling on the Agulhas bank with increased upwelling sees eastward species distribution shift of species such as yatldiotzlly caught between
Cape Point and Cape Infanta. The may also be an increase in offshore pelagic fish species. Should abundance of stedswstathbe an hindrance
to achieving a sustainable (line)fish derived income, fishers may be forced to diversify outside the linefishery byngeltied in the growing pelagic
fishery in the area (crew on trawlers, employment at processing plants).

Warming in Agulhas bank triggers an south (west)ward migration of temperate fish species from the Garden Route andapesteast@al waters to
colder water. Warm temperate species (such as Cape salmon), migrate south(east) ward and fill niche left by loss oéthie tepegies. Line fishers
are able to easily change their target species without major shifts in strategy and fishery structure.

Fgure 59. Four future scenarios for thnefisherybased on current and possible future species distribution
and abundance changes in the AgulhBank. Warming and cooling trends in the Agulhas bank/bdeen
incorporated

54.  Providing feedback to participants

The resource (pamphlef)produced in Afdaans and Englislas part of the feedback is shown in Figure 5.10.

G IN THE SOUTHERN CAPE

“The boture s bright”

Research area: Foaused on fishing cam nuties basec in Mekhoutorein
acstes in Soutn Alrica’s southen Cape casstal reg or

Figure 5.10. The pamphlet produced for the feedback sesgjresented folded twice oven.e. A6 format).
The panphlet was made availabléoth in English and Afrikaans

The timing for the feedback was not idetlie fishing season had already commenced and those participants not
crewingon linefisheryboats from Still Bay were engaging with alternative livelihood activitidsch impeded

their participation in feedbdss interactions Considering the time taken to develop the stories and the pamphlet,
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there was limited opportunity to present feedback witltire timeframe of the project Regardless, fishers who

were available were engaged eor-one at their homes angersonally addressed pamphlets were distributed to

GK2aS y2i4 Ay FGGSYyRIFIyOS o6& GKS 201t FTAAKAY3I | aaz(
with the material in the pamphlet anidsteadpreferred to speak to the researcher aboubet current issues in

the fishery. Due to the length of the stories was expected that they would engage with the stories and reflect

on them in their own time Thigorocess will be followed through upon completion of this reseatciportantly,

those who were available were grateful that time was taken to provide feedback and took the opportunity to speak
Fo2dzi Wi2L) 2F thé profRR of thé SSEESidpledat@liéh ard delated plans instead of the

scenario stories. The intention isiduce more feedback pamphlets covering other aspects of this project and

provide more comprehensive feedback in the first half of 200t#se additional feedback sessions will present

opportunities to revisit the scenario stories.

55.  Scenario planmg process outputs

While there are distinct differences in all the scenario statiegeloped bythe participants there was also a fair
amount of repetition betweerthem, specifically with conditions that they felt would not change between
scenariosfor exampleparticipantsindicated that government housing projects would continue regardless of the

scenario space and interactions between KDFs.

55.1. Scenario Stories from thparticipants

Gb20KAY3I YdzO K InKfficientddess yoInGriRe resourcesov disposable
income

Participants agreed that this scenario space, where there is little access to marine resources and low levels of
disposable income, most closely resembled the present situation. As a starting poirai disnassions focussed

on thedifficultiesthat exist in an incomeonstrained environmentNotaldy, participants raised and reiterated the

point that to make money, one must have money. Next, livelihood activities that could be undertaken in a
resourceconstrained environment were discussed. Most of the activities highlighted were activities that
participantsare currently engage with. To promote the forwarthinking approach required for scenario
construction, participants were particularly askeccemsider what other activities they could presently consider

engaging in.

The second part of the discussion required participants to reflect on descriptions of what Melkhoutfontein would

Gt 221 tA1S¢ AY o n Figusle)NWherkoyisideringAuture KelkiSytfonteh, participhdks OS 6
F2NBalg GKFEG F OdANNByld ylIdAz2yrf 3F2@SNYYSyd Kz2dAaAy
infrastructureregardinghousing would be improved from the current situation. Melkhoutfontein wbeldfully-

fledged town with improved amenities and servideadequate disposable incorffmwever, means that people
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remain stuck in similar cycles engaging in similar tasks as in the present. The sentiment was that people would
survive, but life woul not have changed much. Participants, didwever,indicate that alternative livelihood

opportunities would manifest over time and that wealth could be built across generatiolumfer time scales).

G2 S gAffcSBy lidesStidBat &icces to Marine resources/low disposable
income

This scenario discussidrgures.7) took place along the same litikethat for the first scenario space. This could

be because, for some participants, this scenario closely resembled the present situation. Livelihood activities in this
scenario space closely resembled those in the first scenario. Ultimately, the sémtixaressed echoed those

by participants at the start of the workshop when they indicated that one needs money to make money by
reiterating that insufficient disposable income and the inability to aca&sgie amount of capitaliasthe most
significam barrier that exists for them. To earn a sustainable fishery derived income, fishers need not only to have
enough capital for dap-day running expenses but also need to access capital to buy equipment and training. As
with the Bayesiametwork developmet process, participants highlighted the need for money to access skills

training (such as skipper training).

Participants foresaw that the development trajectory for Melkhoutfontein would continue along the sanie lines
the first scenario space. Infiteucture development, managed by central government, would continue
independently from community socEconomic circumstance. Importantly, fisheraphasised agaiat they
would be able to accumulate personal wegdtieit over a mucimore extendegeriod. One of the participants
LSNIAYSyGte yhOLRABKE 2 A2WFTORFIAKKPESHSIE  GKE D

G ¢ KS 32 A yBEsufficient aceeg8sRoémarine resourcebigh disposable income

Discussions around this scenario sp&igufe5.8) were much more dimistic, and after some initial hesitation,
discussions were quite animated. To prompt the conversation and ensure even participation, each participant was
asked to identify some livelihood activities they would choose to engage in if money was ridemlmearing

in mind that fishing activities were not an option). Activities identified were-veidging. Notably, all participants
indicated they would own their own business wttleating employment opportunities. Overall community
upliftment was acommon theme among participants. Veéhdll the participants identified serviegiented
businesses far removed from any maritime related activity, a small number of particsoitslicated they

would capitalise current skillsets by engaging in fipigtated services industry such as selling tackle and repairing

boats. Governmental housing projects would be ongoing. More disposable income means more opportunities

T2NJ GKS (26yQ& AYKFIoAdGlEyGa FyR ¢ A dkeonomiddndions Sy S NI

fishers and the wider community.
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G ¢ KS 7T dzii dzSficiehtaccessNdiniarieirésources /High disposable income

The discussion for this scenario space was the shortest when compared to the other scenariigpaess)(

This was because there wafair amount of repetition from the previous scenario spaces and participants were
becoming fatigued. When considering livelihood activities in this scenario space, all but onpavficigants

indicated that they wouldevertto fishing as arincipallivelihood activity. The ensuing discussion highlighted that
sustaining a livelihood by harvesting marine resources was dependent on biophysical subsystem conditions. To
guarantee livelihoods, many participants indiceteat they would still choose to engage in the livelihood activities
identified previously. This would be achieved by assuming an oversight role in the business titradiovto

go fishing without detriment to the business when theyuld do so. The elelopment trajectory for

Melkhoutfontein remaineainosty unchanged from the previous scenario space.

55.2. Final Scenario Stories

Since it was not possible to build complete normative scenarios based solely of parfiripafiswas necessary

G2 aeyikSarasS NBaSIHNDK yR SELISNI (y26f SRIS (123S(K
to all the KDFs identified. This has been done by briefly examining the current system state, predicBectio(see

5.3) and other scenarios (Lemgrm Adaptation Scenarios for South Africa (LTAS), the Indlulamithi South African
scenario®¥ and the Vumalena land scenatfifgo create final scenario stories that can be somewhat usefiéto

smallscale fishers of theouthern Capas a product and learning tool.

55.2.1. The starting point

It is 2018and theSnallSaleFsheriesRolicy is slowly and systematically being implemented throughout coastal
communities in South Africa. Fishers are optimistic about dissilpilities that the successful implementation of
the policy will mean for them and their communities. The opportunity to participate iroperative and directly
benefit from the sale of the marine species and other livelihood activities managed bgdperative pose an
opportunity for the promotion and cultivation of more sustainable livelihoods enabling them to, not only grow

personal wealth but also for the overall improvement of Melkhoutfontein.

The presentlay situation finds fishers with litad access to marine resources and little to no disposable income.

Most smaliscale fishers act as cramlinefisheryboats. The demand féit sit€dn a boat is high as the demand

16 The Indlulamithi South Africa Scenarios 2030 is a fstakieholder, researelriven initiative that seeks to Fevigorate our search, as a

nation, for ways to create a society where all people experience a sermgarfging and solidarity. Three scenarios were developed as a

22t G2 RN}é¢ | 6ARS NIy3aS 2F &iGlF1SK2tRSNE Ayid2 | RANINABERS G(KFG &7
society fittp://sascenarios2030.co.zy/

17 The Vumalena land reform scenarios are four scenarios for land reform in South Africa which outlines what could happfen in Sou
Africa what could take place in the context of South African land reform by 2088:(/www.landreformfutures.org)
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for crew has steadily become less as skippers/commercial rights holders leave the fishery. The implementation of
the smaliscale fisheries policy has also created some conflict amongst skippers and crew with soseaEmall
fishers losing theititeCbn boats just because their names appear on the provisional list of verifiedsaaiell

fishers. Smadicale fishers in the community do not currently hold Interim Relief rights with access to fish in the
river also blocked byegulation Although fisherare optimistic about the policy and its implementation, there is

also much uncertainty about the future. Most of this uncertainty is around the basket of species that will be
allocated as part of the community right cooperative Implementation timeéhes are also uncertain, and many
deadlines and implementation targets already being delagmhditions in the biophysical environment are also
highly variable and not optimal. Fishers are only able to fish a couple of days a month as Isagedagsme

scarce. Sea surface temperature, wind direction and strength as well as current direction and strength are not

within the optimal ranges.

The present economic conditions mean that employment is scarce, and living is expensive. Fishing is lucrative
when the fish bite; but even when fishers manage to fish, catches are not plentiful. Iténtilyclear why the

kob has become so scarce although the activities of the Inshore Trawl sector are thought by manyiteplay a

role. In the meantimejdhers engage in a variety of alternative livelihood activities. They do not make much
money, and although they struggle to make ends meet, they do manage to get by. Current livelihood activities are
wideranging with fishers drawing on their currenttesf limited, skillsets. Activities includige gathering and

selling ofirewood, gardening, reed harvesting, housework and building lalbégure 5.11 presents a schematic

2F (KSaS ONZIFIR WAallINIAY3I LRAYIQ O2yRAGAZ2YAEAD
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All of the scenarios start in 2018
Fishers face mounting challenges

Rising social, economic & political pressure

South African
experiencing slow
economic growth

Businesses are in decline,
business confidence
remains low. Small to
medium enterprises
struggle to grow with
policy restricting their
ability to grow

Poverty and income
equality is casting a
shadow on the emerging
democracy

Fishers struggle to “put
food on the table” in the
face of perpetual
resource scarcity, policy
constraints which
remave access to
resources and a lack of
alternative employment
opportunities in semi-
rural centres.

SSFP implementation is
slow, creating
uncertainty for identified
small scale fishers and
small scale commercial
fishers

Continuing declining
catches intensify worries
about sustainable
livelihoods.

Policy has potentially promised more than it can deliver

Successful
implementation hinges
on governmental support
from various
departments (including
capital investment)
which may not be
forthcoming due to
budgetary constraints

Unclear whether fishers
will receive sufficient
training to enable them
to manage their fishing
business sustainably

Figure5.11. Sarting point conditions (background) information for all the scenario stories. This background information is based ommafmmn of the macro

system as it stands today from the Indlumamithi South African Scenari@sitp://sascenarios2030.co.zg), the Vumelana land scenarios
(https://www.landreformfutures.org/ ) and previous research into this fishery
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55.2.2. Final integrated scenaristories

The find scenario stories producei incorporate thecrucialSf SYSyYy &4 TFTN2Y aidk&Stwor A & KS NE&
additional KDFs that were included (Figure 5.3) and agbtivaesame starting point conditions per Figure 5.11.
These stories are brief and were writtspecifically for inclusion the feedback pamphleind are written asma

informal narration of the situation Melkhoutfontein will find itself in 30 years.

a. Scenariotd b2 KAYy 3 YdzOK Kl & OKlFy3ISRE

This is a story about limited opportunities in a resowmoastrained environment whera broad set of
circumstances severely limits economic growth on miarw macrescaks. The chaotic implementation of the
SnallSaleFsheriesolicy has led to a situation where, 30 years later, saaalk fishers are left with little to no
access to marine resources. Not much has changed sintes@@lit is unclear when these persisting issues will
end or be addressedeaningfully. The government has been forced to repeatedly extend the interim relief policy
of the 2000s to provide some access to marine resources. Obtaining Interim Relief permits is difficult, and many
fishers active in 2017 have passed on or retinéith the few new entrants to the fishery borne out of necessity in
the absence of other employment opportunities. The few remaining fishers from Melkhoutfontein still try to
engage in interim livelihood activities where possible, although many do nopkawits. They also continue to
crew on linefish boatdHowever, more fishers require work as crew than there are avadtel§and most fishers

R2 W2RRQ 2204 6KSNB (KSé& Olyo

Linefish(specifically kob and silvers) catches have continued to detdimy over the past 30 years, and no new
commercially viable species have moved into the niche created by the declinpiafithg/target species. Fishers
continue to target kob/silvers when they can, supplementing income with informal activitiesnapldyenent

outside the fishery to sustain basic livelihoods. The weather and climate are highly variable, with the Western Cape
becoming increasingly drier over the past 30 years, and although the southern Cape is not impacted as severely as
the rest of the province, an increase in population together with a highly variable local climate places an additional
burden on agriculture and other watéitensive activities. The cost of mitigating the kbegn impacts of these
climatedriven impacts adds strain the already struggling provincial and national fiscus, adding pressure to the

already struggling economy.

The South African economy has continued to grow slowly, and disposable income is constrained due to low growth
and limited local employmemaipportunities. Melkhoutfontein has continued to expand due to the government

works programme (fulfilling housing demand by building RDP hésifie to the high demand for houses and

8 RDP housing is a commonly used term for social houpiogided by the South Africa government to poor households.
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as the population of the area has increased, this-teng project ensured that Melkhoutfontein had grown
steadily over the last 30 years to become a-fidigged town with necessary infrastructure and services associated
to an established rural town. However, investnedram residents and private companies remain ldvereby
constraining development. The town struggles with the social ills associated with lowecmwionic
development levels such as substance abuse. It remains challenging to escape the poverty trap in which most
people find themselves. Figures 5a# 5.13 are graphical depictions of critical elements and features of the

scenario story.

Nothing much has changed
Sutg,
ey

Access To Marine Resources

R Access To Funds (Money) "’o;,,,’

Figure 5.12./ 2 Y RAGA 2y a F2NJ (KS & bs2eitekid sfo Thedisht faneKschiema@eilly y 3 S R €
depicts the conditions under which the stgrplays outwhile the right panel drawsthe key elements of the
story

“Nothing much has changed”: key features

South Africa: Continued low economic growth, High Melkhoutfontein in 30 years:

o t lent.
LmampRdymeEnt prerman + Town has continued expanding due to continued
southern Cape Fisheries: government works programme [RDP  housing).

* Opportunities to crew on commercial line fish boats
are diminishing as attrition of skippers continue.
Opportunities for alternative income is limited for the
fishers from Melkhoutfontein.

* Low to no access to marine resources - Fishers still
engaging in some form of interim relief fishing
activities = the 55FP was never effectively
Implemented  and  small-scale  fishers  remain
marginalised.

Melkhoutfontein:

+ Socig-economic  conditions  in Melkhoutfontein
deteriorating = high dependence on government social
grants, low level of personal wealth and disposable
income, increasing problems with drugs,

Infrastructure development driven by government
has resulted in a town with basic infrastructure and
services associated to an established rural town.

Line fish ([specifically kob and silvers) catches
continue to decline, no commercially viable species
take up the niche left by the decline in the main
target species. Fishers forces to keep on targeting
kob, silvers, sharks and red (reef] fish when
available.

Fishers forced to diversify outside fishery to sustain
livelihoods.  No significant/observable cocling or
warming trend on the Agulhas bank seen, although
highly variable.

Figure 5.13.Bulleted list ofthe key features2 ¥
in the pamphlet

iKS

Gb20KAY 3 YdzOK yKas provided | y 3SR €
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b. Scenario2a2 S g A f fcev@siil dzlii IKISNS

This is a story about cautious optimisAithough fisher attrition rates have been high, the implementation of the
smaltscale fisheries policy in 2019 has resulted in the establishment of primary and secorujaeyative with

new entrants steadily entang the ceoperatives as heeded. However, prevailing economic conditions at the time

of policy implementation mean that fishers never received the initial capital injection needed to get-the co
operatives up and running correctly; as a lack of accdishitag gear and funds to acquire and maintain gear being

the biggest obstacle to successfully exploiting the community right. Fishers are thus forced to, in addition to limited,
smaltscale activities, continue crewing on commetfitiafishboats, althaigh employment opportunities on these

boats remain limited as there is more available crew than required. The current situation in the southern Cape
Linefishencontinues as has been for the last 30 ye&rsh and silver catches are sporadic and areddnehen
available. Although catches remain relatively low, fishers catch enough fish to 'get by' and while they engage in
outside livelihood activities to supplement income; the-deed' fishers do not leave the fishery. Sraeille

fishers are, howeveable to harvest enough resources to feed the family (at the very least), which frees up some

income for other activities.

The southern Cape weather and climate remain highly variable, with the Western Cape becoming increasing drier
over time. Althouly the southern Cape is not impacted as severely as the rest of the province, an increase in
population together with a highly variable local climate places an additional burden on agriculture and other water
intensive activities. The cost of mitigating tbngterm impacts of these climatgriven impacts adds strain to the
already struggling provincial and national fiscus, adding pressure to the already struggling economy. The South
African economy has continued to grow slowly, and disposable incoomestsained due to low growth and local

employment opportunities.

Melkhoutfontein has continued to expand due to the government works programme (fulfilling housing demand

by building RDP housing). Due to the high demand for houses and as the poptlati@nes has increased, this
longterm project ensured that Melkhoutfontein has steadily grown to become afiletiged town with
necessary infrastructure and services associated to an established rural town. However, investments from
residents and priva companies remain low, thereby constraining development. Unemployment remains high,

and the town struggles with the social ills associated with low ssdnomic development levels such as
substance abuse. It remains challengingto escapethepovédty LI Ay g KA OK Y2ad LIS2LX S
wealth has grown VERY slowly, and while this growth has not led to a sizeable disposable amount of capital, fishers
have been able to make small improvements to their living condition. Figures 5.1l1&ndre graphical

depictions of key elements and features of the scenario story.
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depicts the conditions under which the story plays out waithe right panel draws the key elements of the
story

South Africa:

Slow economic growth. High

unemployment prevalent.

southern Cape fisheries:

* Adequate access to marine resources.

« Although fishers have access to resources, lack of

access to capital means they are unable to invest in the
required fishing gear (i.e .buy new boats to increase
ranges etc). Fishers are however able to harvest
enough linefish to establish a measure of food security.

Fishers still have little personal wealth, but with food
security improved, personal wealth can built up over
long period of time.

Figure 5.5. Bulleted list of the key feature® ¥

C.

Scenario3G ¢ KS 3JA2Ay3I Aa

Melkhoutfontein in 30 years:

-

iKS

Town has continued expanding due to continued
government works programme (RDP  housing).
Infrastructure development driven by government has
resulted in a town with basic infrastructure and
services associated to an established rural town.

Current situation in the southern Cape linefishery
continues as is - kob and silver catches are landed
when available. Although catches remain relatively
low, fishers catch enough fish to 'get by' and whilst
they engage In outside livelihood activities to
supplement income; the ‘die-hard’ fishers do not
diversify out of the fishery. No significantfobservable
cooling or warming trend on the Agulhas bank seen.
No significant/observable cooling or warming trend on
the Agulhas, although highly variable.

Fishers forced to  diversify outside fishery to

supplement fishery-derived income.
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This is a story about growth and prosperfjthough the smatltcale fisheries policy was successfully implemented
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livelihoods. Cooling on the Agulhas bank has increased upwellingngegultraditional upwelling associated

species such as Yellowtail becoming increasingly abundant. Although there are other linefish species available to

target in the absence of kob and silver, catches are not big enough to sustain adistwag incone. Fishers
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who wish to continue engaging in fishery activities are forced to seek employment in the growing industrialised

fishing sector in the areaeither as crew on trawlers or in the fish processing plants.

The increase in availability of comnially exploitable fish was, however, gradual and fishers could get both their
primary and secondary amperatives up and running. Theseaperatives were managed sustainably with the
secondary c@perative also focussing not only on the direct marketihfish but also engaging in alternative
livelihood activities in times of fish scarcity. Fishers have thus over the last 30 years managed to accumulate capital.
Coupled with this, a shift in macroeconomic policy after the 2019 elections have resulBeditm Africa
experiencing better growth which has also had a positive impact on the unemployment rate. The southern Cape
weather and climate remain highly variable, with the western Cape becoming increasing drier over time. Pro
active planning from alevels of government means that although there are additional associated costs of
mitigating longterm climatedriven impacts, the burgeoning economy means that the government can carry
many of the mitigation costs. Better access to capital and fundmggsalted in fishers being able to diversify
outside the fishery, and most have been able to move away from engaging in grassroots livelihood activities to set
up small business enterprises that are mostly concerned with service provision. Examplebafisess include

fixing boats, buying and selling fish (as middlemen), setting up a hair salon, selling tackle and other boating
equipment, expanding a current mixed agriculture farm, care provision. Most of these businesses employ at least

two-three bcal community members.

The government has continued with the provision of primary housing through the public works project initiated in
the 2010swith all housing requirements being met. As there is more capital/funding available in the town, many
community members have enough disposable income to improve their homes. As there are more businesses in
the town, a formal business district has developed, and the town has increasingly urbanised as infrastructure
expanded. Public facilities such as schumle been improved (specifically as higher school fees can be collected).
The improvements to the town have led to the migration of people from other towns seeking new opportunities
and tourism to the area has also increased. In general, Melkhoutfdrateiseen a steady improvement in secio
economic conditions, resulting in better food security and-eithg of not only fishers but also the town in

general. Figures 5.16 and 5.17 are graphical depictions of key elements and features of the scgnario stor
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conditions under which the story plays out while the right panel draws the key elements of the story

South Africa:

Economic growth steadily improving.

unemployment rate shows steady decline.

Southern Cape Fisheries:

Low to no access to marine resources. Fishers have access
to sufficient capital to engage in alternative livelihood
activities,

Socio-economic conditions in Melkhoutfontein show a
rmarked improvement = fishers establish and manage
small businesses which allow them to employ other
community members which leads to an overall positive
effect on the town's development,

Melkhoutfontein in 30 years;

Figure 5.17.Bulleted list of the key feature2 ¥

d.

Town has continued expanding due to continued
government works programme (RDP housing).  Fishers
who now have more access to capital are able to improve
houses allocated to them. A formal business district
develops in Melkhoutfontein, The town is increasingly
urbanised are infrastructure expansion continues.

Scenario 4, dThe future is bright

iKS

Cooling on the Agulhas bank with increased upwelling sees
an south [east) ward species distribution shift already
observed continuing.

Cold temperate species traditionally found between Cape
Point and Cape Infanta such as Yellow Tail become
increasingly abundant.

Although offshore pelagic and demersal fishers are also
more abundant, fishers are unable target these species,
and if a sustainable linefish derived income Is not possible
(due to low linefish abundance), fishers who wish to
continue in the fishing industry engage with the offshore
fisheries by seeking employment as crew on trawlers or
employment in processing plants.

Alternatively, fishers forced to diversify outside fishery to
sustain livelihoods, but employment opportunities are
available due improved economy.

G¢KS 3I2Ay3 Aa I22Ré
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This is a story about growth, prosperity and personal satisfasanming in the Agulhas bank has triggered south

(west) ward migration fovarm temperate fish species. Line fishers easily changed their target species without

significant shifts in strategy and fishery structure. The government was proactive in creating an enabling

environment to encourage the continued participation of ghefishers.

Supported by the successful

implementation of the sma#icale fisheries policy; fishers have been able to sustain and advance livelihoods with

their fishery derived as their only and most significant sources of income. Fishers have ttheslaseB0 years
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managed to accumulate enough wealth to be able to engage with various economic activities proactively. Coupled
with this, a significant shift in macroeconomic policy after the 2019 elections has resulted in South Africa

experiencing sidgficant longterm economic growth resulting in record low unemployment rates.

The southemn Cape weather and climate remain highly variable, with the Western Cape province as a whole
becoming increasingly drier. Although the southern Cape is not impast&elerely as the rest of the province,

an increase in population together with a highly variable local climate places an additional burden on agriculture
and other watefintensive activities. Practive planning together with the booming economy methiag the
government easily bears mitigation and risk aversion costs with projects creating an opportunity for innovation

and employment.

Better access to capital and funding has resulted in fishers being able to diversify inside and outside thedfishery an

most have been able to move away from engaging in grassroots livelihood activities to set up small business
enterprises. Many generational fishers have chosen to remain engaged withifdhiad activities or businesses

by choosing to centre theirélihood activities around deriving a fishirgated income. For those who opted to

keep on fishing, the presence of disposable capital means that they can afford skipper training, boats and related

equipment and thus they both catch and market thelr fighile employing crew from the community.

The government has continued with the provision of primary housing through the public works project initiated in
the 2010swith all housing requirements being met. As there is more capital/funding availdietawn, many
community members have enough disposable income to improve the houses allocated to them. As there are
more businesses in the town, a formal business district has developed, and the town has increasingly urbanised as
infrastructure expandedPublic facilities such as schools have been improved (specifically as more school fees can
be collected). The improvements to the towns have led to the migration of people from other towns seeking new
opportunities, tourism to the area has also increhst general, Melkhoutfontein has seen a steady improvement

in socieeconomic conditions, resulting in better food security and-iagithg of not only fishers but also the town

in general. Figures 5.18 and 5.19 are graphical depictions of key elenefeatares of the scenario story.
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:%%’ The future is bright

Access To Marine Resources

y

Access To Funds (Money) J"%g”

CA3IdzNB podmy @ I 2YRAGA2Y & T2 N Th&l&fit panel KcBematidzliyoddiiets thei
conditions under which the story plays out while the right panel draws the key elements of theystor

“The future is bright”: key features

South Africa: Sustained long term economic growth.
Unemployment at record low.

southern Cape Fisheries:

* Fishers have all the required access to marine
resources and have more than enough financial
capital and personal wealth at their disposal to
invest in businesses and fishery if required.

* Socio-economic conditions  in Melkhoutfontein
show a marked improvement - fishers establish
and manage small businesses which allow them to
employ other community members which leads to
an overall positive effect on the towns
development.

Melkhoutfontein in 30 years:

* Town has continued expanding due to continued
government works programme (RDP housing).
Infrastructure development driven by government
has resulted in a town with basic infrastructure and
services associated to an established rural town.

* Warming in the Agulhas bank triggers an south
(west)ward  migration of warm temperate fish
species such as Cape Salmon. Line fishers are able
to easily change their target species without major
shifts in strategy and fishery structure. Government
is proactive in creating an enabling environment to
encourage continued participation of these fishers,

Figure 5.19.Bulleted list of the key features ofi K S
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56. Reflections on the scenario process and products
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The motivation to use scenarios in this fishery was borne out of the realisation that fishers in the region are

generallynot well equipped to proactively deal with future chanbased orprevious researcthat found¥ A & K S N& Q

responses to chande bemosty reactive(seeGammage 2018 Gammage et é2017b). Proactively responding

to change is necessary if future livelihoods and wellbeing of fishers and their communities are to be(sgcured

Hjerpe & Glaas, 2012)Thisis not onlycrucialfor fishers,but also forlong -term ecosystem sustainability

Interconnected challenges of poverty alleviation and ecosystem sustainability span across multipadcales
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arguably rooted in howocieties understand their world and their interactions with natural sysi(@oike et al.,

2011) To achieve sustainability, it is increasingly clear that transformation of syattean®us scalgs required

(Olsson et al., 2014; Pelling et al., 2§ 1Galafassi et al., 2018n thiscontexii NI} YA F2 NXY | G A 2864 | NB ¢
Fdzy R YSy (Gl t OKFy3aSa Ay FyR | ONRaa QFNAR2dzaA R2YlIAya
A20A1Ef y2NX& FyR LN} Ol A O3Gulafassi & al. 20f83 Toihis elxd, AoRoyigarel y R LJ2
scenarigin a tool thatassists fishers in dealing with systentertainty butengagement witfthe process can be

the catalyst for the change in mindset, attitudes and belief at the personal and household scale that is required for
systertransformation(Folke et al., 2010; Fal) & ManueNavarrete, 2011; Béné et al., 2012; Pelling et al., 2015a;

Armitage et al., 2017)The aim of applying the tool in this context was thus rfatteted¢ whilst aiming to

produce a narrative that fishenepresenting crew asouthern Capénefish boatsyould find useful in developing

their understanding of possible futures that may play out in their m&@IiBSthe scenario development process

also aimed to facilitate and prompt the type of learning and capacity building that is btpuareate small initial

shifts in mindsets and attitudequired for transformation

For the analysis of the scenaasatool, the validity of applying scenario techniques as a deeisiaking tool in

the context of a smaficale fisheryas outlinedn thischapter), has been evaluatedpecifically, this chapter has
seeked to addresim 4 (Section 1.%hrough addressing the research questi¢®sction 1.1Ghat seek to identify

the possible pathways for future development of Melkhoutfontaird evaluate the contribution the process
makes toadaptive capacity through learnind\s sucttection 5.6.1 presents a reflection tdre process used to
derive thescenario storieg/hile Section5.6.2 presenta reflection on theroduct (scenariostoriesandfeedback).

The role of the scenarjglanningtool in the context of the entire scenario planning process across the thesis is

discussed in Chapter Six.

5.6.1 Scenarios as a process

This scenario planning process was a prototyping exéocistabish if the process was applicable and useful in
the context ofthis fishery system. Previous research has established how difficult it is for fishers to respond to
changes in their system, with almost-ane proactively anticipating aretlaptingto change(Gammage et al
2017b, Gammage 2015). Variaimthe responses to change, together wiitie uncertainty that exists within

this highly variablenarine SESuggest that scenario planning maye more appropriate starting point for
responding to chang®ore proactivelye.g. Jarre et al., 2018)heprototyping exerciseutlined in this thesidoes

not onlyseek toascertain whether the tool is suitatfler use in such participatory approaches at the sstale

with disenfranchised fisherbut also to refine the methods and approachefor possible larger scale

implementationin fishery systems.
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One of the values of the procdsthe associated learning theanoccurthroughoutsuch a participatoryesearch
process Thisbenefitisoutlinedextensiely by various authorimcluding van der Belt (2004); Gregory ef20)12)
and Tuler et al. (2017) who ugerspectivesrom social learningnd participatorymodellingcontexts Facilitated
learning can create a situation/space where knowledge, vahution and competencies can be developed in
harmony to increase the capacity to build resilience to chahgarning amongst peers is believed to facilitate
faster and deeper learning when compared to that received byltagn dissemination of informatiofiPelling et
al., 201B). For the fishers of Melkhoutfonteirh¢ process creatkthe space to reflect on processes nstally
reflected on whe forcing fishers to confront and consider more diverse isatstsike. This encouragjishers to
take a system view by seeing how different drivers interact and the consequences of these interactions (see
Chapter~oup whik considering how they may impact the futur/hile it is not possible to measuredfeaming
that hastakenplace throughout the iterative process, it caafelybe assumed that taking part in the process would
have prompted learning for somié not all the fishers. Importantly, thislearningshould also be viewed as
mechanisnto startthe process dbuilding andostering agency on a personal or household lemghortant for

this group of fishersbeing able to engage with each otheairelaxed group setting offered the opportunity to

exchange ideas and thoughts with each othevays they argenerally notible to do

Scenarios are more robust when convened at a bigger scale (such as the scale of a fishery) with a stakeholder group
that is heterogerous with many diverse and opposing views which allow for common ground to isdemd

expanded (Kahane, 2012). A conscious decision was made to convene this scenario at a small scale, with a
homogenous group of fishers. Convening the scenario at the smaller scale was useful and necessary in that it
created a safe space for aogp of disenfranchisedishers to discuss and grapple with concepts they were
unfamiliar with. As with the BBNs, the fishers at times struggled to engage with the more abstract nature of the
exercises and thinking about Melkhoutfontein 30 years in theéutvas, for some challenging taskShould the

scenario have been convened at the scale olitiefishery of the southern Capeith a more diverse stakeholder

group this group of fishers may not have had the confidence to voice their opinions tamiious issues as they

hold less powethan other stakeholders in the fisherin South Africa, smaitale fisheries have long remained
marginalised with the balance of power favouring the more industrialised seetgrSinde, 2004; Isaacs 2006;

Sownan et al.2011; 2014; Jarre et a018). The marginalisation amaliscale fisherieand the role played by

such fisheries ipoverty alleviation and food securitgre well recognisee.g. FAQ012, 2016 & 2018). The

publication of the? @2 £ dzy' (i  NE 3 dzA RS A y Séale fBleiiesd it e Codidkioffod sécdaty G I A y |
'Y R LR @S NI maifsNie Rrdt iDtermatioalyya@eed instrument dedicated entirely maliscale

fisheriesto elevate the importance of thiseglected and marginalised sector (FAO, 2086).this researchhe

hypothesis is that by engaging in srsalile exercises such as these, fishers will be able to build capacity and
knowledge required to confidently engage imare extensiveandlikelymore acrimonious larger scale scenario

planning process. The processreskal Y SSR (12 KI @S Y2 NB thiizah hapfadiita®l N2 dzy R Q
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learning and build capacityefore engaging in arfylly fledged (classic, mufitakeholder)scenario planning

process.

The difficulty with engaging with the future in the manner requited beencompourded by the fact that
participants did not want to engage with techniques/methods designed for thinking creatively about the future
(such as the Lego building and newspaper headline exerdsesxample of a TSP where these techniques have
been successfyll used is the Adaptation at Scale in Sendirid regions (ASSAR) project

(http:/mww.assar.uct.ac.zZa  For the scenarios describad this thesis,adding predictions and research

knowledge to the stories have miigd the shorcomings arising frod KS ¥ OG0 GKIF G GKS FA A
lacking in detail To buildnore vibrantand more complete scenarios, it kmenecessary to find ways to get

around the unwillingness to engage on this level. A trained familitsay have had more succasslealing with

this problem and using one fon@xtensie, complicated scenario planning process tvegn option to consider

for future processesThe need for flexilily in the planningind executiorf exercises and wkshop programmes

was reiterated throughout the research procass remairednecessary to structure amgkecutethe programme

in a mannewmith which fisheravere always comfortable with. This not only in keeping with the principles of

inductive resarch(Cresswell & Plano Clark, 2QhL) alsobecause it isrucialfor fishers to have the opportunity

to influence the participatory research process (no matter how sinadl)learning setting or procefigluro &

Jeffrey, 2008)

5.6.2. Scenarios as a product

The final scenario stories are noteicompassing the Melkhoutfonteinfishers teneédto talk about the same

topics theyustally talk about with the solution for the future very much coupled to the problem experiénced

the present This led to fisher scenario stories which,edrilicial to the process and the construatiof the final

stories, lacked thievelof detail required to construatsefu] normative system scenarios. This is consisiaen

comparing the weightettierarchy andhe BBN analysis Chapter Folr ¢ KA OK NB @S| £ SR G KI
Y A ¥ R Q diseiéIeders #garded as the most important drivetfse weighted hierarchy, #se drivers were

ranked to be lessriticalwhen the questions posed were reframietiough the BBN The scale of the possibilities

and their stories are also smalhd apart from policy and governance issues, fishers did not consider interactions

on the macroeconomic scalélowever, as with the BBN, this result serzekighlight what fishers regard as
necessanat the scale of the individual, household and comityuand providesinsight to the values and

knowledge they holdboutthe fishery system.

The creation of the scenario stories as a product creates the space to synthesise system knowledge and predictions
into a narration of probable futures. This allouggrs to take thg@roverbialstep back and takesider system-

viewthrough the facilitation of systerrhinkingwhich ultimatelypromotescomplexity thinking (Biggs et al., 2015)


http://www.assar.uct.ac.za/
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as opposed to linear thought processeScenario stories highlight bothpaptunities and barriers created by
change(SPACES, 2017; Galafassi et al., 201#) current narratives of changetie southern Cape linefishers
mostlyhighlight the negative aspects and impacts of these changeshdtvever, necessary to rememband

highlight the opportunities that can be created by changeK S W T dzii dzZNB A & subtrdpkalifishi Q & OSy
species fill the niche left by the migratiortefperate species is an example of opportunities that could be created

by substantial cinges in the marine ecosystem. This highlights the need to make opportunities crezitaddsy

to be more explicit in future scenario development procesdae keeping an eye on potential barriers

The final scenario stories provide some more insigiib the scale, impacts of the uncertainty and associated risks
that exist in themarineSES Being able to semnsequencesf drivers and interactions between drivers weaved

into an understandable reality may prompt fishers to consider different (less popular) drivers in their system view
and eventually, decisiamaking. It remainsrucialto bear in mind that the value di¢ scenario does not only lie

in the knowledge careation and system view developméRteterson et al., 20@8 OterosRozas et al., 2015)

but also in the contribution that can ultimately be made to inform policy and managdf@argenter et al., 2006;
OterosRozas et al., 2015)o be able to inform policy and managemertizaat fultscalescenario planning
processwill needto be convened at the scale of teefishery in the southern Cape. Thesgionalscenarios will

not deal with finescale interactions in the same way that the final scenario stories have been able to (i.e. the town
scale) and may result in scenarios which do not resonate with disténeir scale of operationimportantly,
convening scenario planning exercises at various scales of operation and with overlapping stakeholders may
provide arexcting opportunity to adiress the scale challenges experienced when dealing with chamgeirire

SES There should be amore significantchance of success in addressing scale challenges when
research/interventions are carried out at various scales of operation at the sameTinigis not a new insight
authors such aBiggs et al. (2007) provide amtensiveoverview of methodology that coulth principlebe
implemented to deal wittmulti-scale scenario planning@®ne would then be able to establish where the common
ground (points of contact) are between the various scales, which can in turn, form the baseline from which
interventions and further research can be carried out. It is important to note that, assistirChapterFour,

the scale does not necessarily have to relate only to spatial scales and it may in thestieselbe more useful

to consider contextual scalesich as a community of fishéseeGibson et al2000. Although not always ideal

the scenario planningrocess outlined in this chaptleas shown that techniques and methods developed for large

scales can successfully be adapted and adopted at the smallest of scales.

The scenarios also provideiarportantopportunity for fishersd be provided with research feedback and interact
more directly with research result®roviding feedback in the context of such participatory approaches is crucial
consideringhe nature of the research. The provision of feedback isaalessentiabontribution to learning for

both fishers and researchga fact which is highlighted by authors such#sosRozagt al. (2015) in their review
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of 23PSP papelseeChapter TwaSection 2.5) Thevalue of the fedbackalsoliesin the trust buildinghat has

taken place as fishers were appreciative that the eff@s madedo produce a pamphlet and provide feedback.
Producing the pamphlet also allowed the researcher to provide indirect feedback to fishers who were not available
at the time. Considangthat fishers often find ithallengingo attend formal feedback sessions due to work and
other commitmens, producingesources which fishers can engage within their own progeda moreeffective

way to communicat¢heseresearch result Additional feedback session planned in the near future will provide

an opportunity tofurther assess learning, capacity building and trust.

5.6.3. Across product and process: the value of the scengianning process so far

The fishersof Melkhoutfonten displayed a willingness to engage with the overall procbgsattending the
workshops €specially those who attended all three worksHop#\s seen in theausalmapping and BN
development process, fishers sometssruggle to engage with dag-day dallenges which threaten their
livelihoods such as climatariability and changeltwasexpected that the same reticence would be seen when
engaging with the scenario planning process. However, the process seems to have been lesstiiaunting
expectedor fishersandit seems thatonsidering problems that may or may not occur@®years into the future
isless intimidating than dealing with immediate challendésherswere hencemore willing to engage with the
overall processAs with the BBNaVelopment process, it was not always easy to facilitate the scenario planning
process. Fishers are not used to being compelled to think aboutpiheisiematic(sometimes emotive) issues in

a formal setting such as a workshop. The concepts that weliendsawere unfamiliar andnovingthrough the
programme was painstaking at the best of tin@his, together with the fact that fishers often did not want to
engage in the more creative workshopping exessissulted insomeof the programme not being completeas

planned.

Notwithstanding the necessary changes to the workshopping programme and the resultiigndes in the
participant stories, the planning exercise was futile, and the sense is that fishers did find the engagets

useful ananore comfortableo deal with as time progressed. This demonstrates the small, incremental shifts that
happen during such interactions which can foster learflgo & Jeffrey, 2008; Cundill & Rod&la12) Fishers

such as the Melkhoutfontein fishers would, without some prior engagen&inigigle to meaningfully engage in
larger scale processdue to preexisting unequal power relations amongst various stakeholders. Engaging in such
processesit the smallscale and in settings where they do not feel intimidated can help such ftshiexid

capacity and confidence to allow themrteeaningfullyengage with larger scenario planning processes in future

The feedback session, discussegbation5.6.2 provided fishers with insights into how their system could change
over the next 30 years. This do®s in any wayimply that fishers @e locked into any one of these futures

Hopetfully, engaging wittihe scenario planningrocess andhe ensuingproduct (pamphlet),will have created
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enough of a shift in mindset to prompt fishers to start proactively considering those aspects of the future that they
canchange at the personal and household lexdthough fishers were not very engaged with thergeio stories

when providing feedbackopting toinsteadengage with other, more pressing isssesh as the delays in the
implementation of the SSKfproviding pamphlets creatithe space for fishet® reflect onthe scenario stories

in their own timewith the pamphlet remaining a resourdesly carreferto at any time. Providing feedback to
participants is often difficult duestpractical challenge$y diversifying how feedback is provided and by making
use of the opportunities presented typcial nedia and other media formatthe communication of research

findingsto participants and other relevant stakeholders can be improved upon in future.

The scenarigplanning process outlined in this chapter strived to idepiihways in the form of futurstories for

the potential development of Melkhoutfontein by using an iterative and participatory reseggpioach These

stories not only incorporate scenarios on key driving forces identified by participants, but also incorporate scenarios
from keydriving forces identified through the BBN process. This demonstrated the value of incorporating tools
such as BBNs in a scenario planning prodessnotinglearning and capacity buildirg not only important to
AYRAGARIZ f 4Q | Rdelditiakiblild @patitto Ge/aliledomeaningiilly ¢éngagean larger scale
scenario planning processeswitsexceedingly difficult to evaluate if learning has indeed taken place. However,
considering the engagemeswith the participants throughouhe workshopping process, therasevidence of

some learning and/or skills developméiatving taken placeProviding more idepth feedback in the nednture

will present an opportunity to evaluate not only the amount and value of the learning thadkess place, but

also for participants to reflect on their experience of the process. Importantly, developing the scenarios in this
iterative and interactive process has presented the setale fishers of Melkhoutfontein with a unique
opportunity tonot onlyengage with challenging (and often emative) concepts related to the future abihe t

odzi Ffaz2 GKSANIFYR GKSANI FFYAfASAQ LRaaAot S ¥Fdzid2NB

In summary, this chapter has addresseddbgelopment of a scenario storiés the town of Melkhaitfontein

using an iterative scenario planning exerdeeidentify possible pathways for future developments of
Melkhoutfontein within the context of key driving forces identified by fishers and the B&\contribution made
towards building capacity thugh learning anthe possibility of implementing larger scale processes have also
been explored through a discussiavhich provides reflections on insights gained from the product (final stories)
and the procesd\otably, overarching themes emergingfrehis chapter and discussed in Chafberare related

to the usethe overarching scenadoased approacho address issues of scalthin marine SE&nd the

contribution the development of these tools can make towards EAF implementation in South Africa
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ChapterSix
Synthesis and Conclusion

The increased recognition of the complexity of marine fisheries systems has given rise to research that aims to
expand the knowledge base to incorporate more holistic approaches to managéukentite & Richards, 2001,
Garcia et al., 2003; Garcia & Charles, 2007; Ommer & Team, 2007; Haapasaari et al.TBi31i23 led to the
development of approaches that strive to cross disciplinary lines, perceptions, forms of knowledge and scales
(Degnbol & McCay, 2007; Garcia & Charles, 2007, 2008; Ommer & TeamF200i€rmore, the adoption of

SES perspectiveffers theopportunity for placing aspects dfé natural and human subsystems into conversation

with each other with an eye to move towards more sustainable systems. For fisheries, the implementation of an
Ecosystem Approach to fisheries managenteafy(see Chapter One) is the preferred approactidal with the

complexity in marine SES to achieve such sustainability.

Building on my own resear@@ammage, 2015; Gammage et al., 201 7anthyecent work in connection with the

Global Learning for Local Solutions (GULLS) piidigtmtlay et al., 2016his thesis has examined therative and
interactivedevelopmeniand use of structured decisianaking tools (SDMTig)a scenaridased approach. The
approachspecifically focussed on tieefisherya @ a G SY 2F {2dziK ! FNXOIyQa &2 dziF
adaptive capacity and improve decisimiaking in support of the implementation of an EAFis has been done

by firstly defining the stressors thaiide change in the southern Cdpefisheryfrom the perspective of the small

scale fishers who act as crew in the commelinigfisherny(Chapter Three). The results, perceptions from a user
group underrepresented in previous similar research (Gamn283®, Gammage et al., 2017a), show that the
perceptions of drivers of change in the fishery system are the same as those described by other user groups. In
Chapter Four, causal maps have been used to examine hidden interrelationships, feedback Ioopsnatt

scalar interactions of stressors that lead to change in the selected fishery. The use of the causal maps is not only a
means of problenframingbut also provided research participants and researchers with a system view of the
interactions betwea the drivers. A prototype Bayesidelief network (BBN), cdesigned with research
participants, provided insights into where the uncertainty lies within the stressors that drive change. The BBN also,
to a certain extent, provided insights into the tele importance fishers attach to drivers of change. Chapter Five
presented scenario stories as a product of the scequgioning approach and insights into the use of tools
developed in the context of multipleriteria decision support, in a scenabased approach to change
management. Importantly, the approach has been iterative and participatory throughout, with an inductive

approach being followed in keeping with the principles of particjgahtesearch.

This concluding chapter seeks to addAess5and6as outlined irlChapteiOne Section 1.9 and is directly related

to the overarching research questiogction 1.10). Aing, seeking taevaluatethe contextual suitability of the
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application of the tools used throughout the research processtiegn achieved as planned and is specifically
addressed itgection 6.1 below. Airrelates to a reflection on the opportunity presented to fishers to engage in

a process that could enhance their understanding of change response strategies throudi loeitdiog at the

small scale. The contribution made by the process to the practical implementation of an EAF in South Africa has
also been addressed within the contekAm 6. In addressing these aims, some key themes have emerged (Table
6.1).

Table6.1. Themes emerging in addressing Aims Five and Six.

Themes Subthemes & Topics Sectionin Chapter Six
) Y . 1 Knowledge of system tite localscale
csjsc;:,?oﬁ:tggg\r/te modeling for 9 Capacity building and agency at small scale 6.1,6.2,64
9 Practicalmplementation of EAF in South Africa
1 Role of scale in implementing an EAF in South Africa
Scale 9 Spatial approaches to address scale challenges in 6.3
implementation
9 Exploration of linkages between social, econoemd
EAF implementation ecological systems in support of EAF implementation 6.2,6.4
9 Scope for future work

Consequently, and considering the overall research process, this chapter presents a refietiimoontextual
suitability of the application of the various tools as a whole, the appropriateness of the approach as a solution
based EAF implementation tool, the implications for dealing with scale problems in managingaltivitesin

SES and thecontribution made towards promoting the EAF implementation in South Africa, together with

recommendations for future research.

6.1. The southern Caplnefisherysystem

The broad aim of Chapters Three and Four was to first expand our knowledge of the marine SES in the southern
Capelinefishery Previous researcfbammage, 2015; Gammage et al., 20Jfayided qualitative system
analyses from the perspectives of a diverse range of stakeholders. In the sample of stakeholders, the skippers were
overrepresented, and crew were undmpresented. The research presented in Chapter Three, which focussed

on crew perceptions, found that the perceptions of stressors that drive change matched across all groups of
participants interviewed. The causal maps (Chapter Four), revealed the simithtieessors that drive change

to those described previously. Although fishers report that weather conditions and economic factors are the
biggest determinants for proceeding to sea on atdagay basis, the causal maps highlight the complexity of the
drivers of change and show how many indirect drivers of change are present in the system. Many of these drivers
GSNBE 2Fi0GSy y20 AYYSRAFGSt @ I LLIWMNBYY I YR dpRIS@ O BENES
YAYRQ® Iy S Hndirédt ihk®etvzedn thé riskhosinjudy aidbitatcBes and the resulting impact

on achieving a sustainable livelihood (see Chapter Four, Figure 4.3).
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Importantly, insight gained regarding drivers of change in the fishery systeat sheak so much the specificity

of the drivers of change in the natural system, but to change itself. This dpawfically relates tdrivers of sea

state over the longerm. Fishers rely on patterns in the natural system to aid their degiséiting to proceed to

sea or not.Fishers base this decisigny ¢ KSGKSNJ AdG ¢Aff oS | 3I22R WasSl F
established patterns making it harder to make wéthrmed decisions. Although seen in the causal maps, it
becamemore evident in the BBN press where fishers defined optimal states for SST, wind and current. The

impact of shifts in the natural environment, where dayday conditions fall outside optimal ranges, are
exacerbated in a resourg@®nstrained environment (both in ecological armbomic terms), and fishers are
FT2NDSR (2 LINR2OSSR (2 &SI 2y RiFeéa GKFG FNBE | WadaNE
Changes in weathéGammage et al., 201:/d/ard, 2018)esultin unreliable patterns leaving fishers struggling to

make informed decisions in both the shamd longer term. This means that if lelegm patterns (that the fishers

are used to) are increasingly less reliable, the risk of aéing a profit on fishing trips increases as fishers may not
Ffglea YFI1S GKS WNRAIKGIQ RSOAaAZ2Y Ay (KS akK2NI GSNY
advances such as interdetised weather applications which are increasinglgrioffj upto-date and accurate

weather information at the small scale. However, these applications only providgeshoforecasts of wind

direction and speed while fishers would ideally require information on currents and other oceanographic features,

such as stability of thermoclines. Weather forecasts are also oftemadialgleon the shortterm (two- to three

days), and fishers would prefer seven tedHy forecasts. Longerm reliability of information via applications is

not necessarily a teclology failure as the natural variability in weather in the southern QaAfzed, 2018nake

accurate predictions difficult. As technology and modelling techniques advance in terms of providing more
accurate londi SNY 6 S (i KSNJ LINF &y to Makd d_ojianE basedol changiny ieaithekiafd skad A f A

conditions should improve, providing they have-owgt access to such technologies.

The finding that stressors that drive change within this marine SES are consistent throughout the research area
prea Sy ia GKS 2LIRNIdzyAdGe (2 I RRNBaa AaadsSa 2F aolf A
drivers where the system context is similar or the same. This system context could refer not only to place but also

to other contextual scales the SES. When considering the drivers of change in the ecosystem, the exact impact

at each town is not as important as the broad impact of the drivers. However, the same is not true when
considering how fishers respond to chan@ammagé€2015 andGammage et a2017b)found that responses

to change varied across the resgaarea where fishers were either coping, reacting or adapting based on the

capital (financial, educational, social) held by difeerent user groups. Many of the fishers (including research
participants) are not able to respond to change proactivelyefiner by adapting, transforming or any other

response which is appropriate to the driver of change). The redsothis are multi-faceted, but a lack of

knowledge of system interactions, policy and regulatory challenges and a lack of access smddjpitahcing is
LIN2EYAYSYy (o {2YS 2F (KSasS OKIffSy3asSa |tfta2 o06S02YS
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choosing to @count issues over which they feel they cannot exercise any power, such as changing weather
O2yRAGAZ2YAY SOSYy AT WOtAYI(GS OKIFIy3aSQ sla 2yS 2F Gk
analysis. Acknowledging the extent of the peals in understanding the natural environment and their inability

to exercise any power over those changes, may lead to acknowledging that their futures as fishers may well be in
jeopardy(Gammage, 2015)This creates even more uncertainty regarding future livelihood options, and although

fishers might admit the problem to themselves in private, they were less willing to openly confrontiigiss

group conversations. One of the achievements of the scenario planning workshops was that the BBN approach
Y2PSR (GKS LI NIi A OA Sktighlbalelon)d 3G GKAA o0F NNASNJI 6aSS$

The considerable variation in change responses across a relatively spgathplpic area pose distinct
management challengeslemonstratinghow difficult it is to achieve befit decisions from a governance

perspective when confronted with diverse change response stratégiesGammage, 2015; Gammage et al.,

2017b) The imminent implementation of the Srrattale Fisheries Policy (SSFP) in Sowuth édrild significantly

change the outlook for smadkale fishers (who are mostly the current crew in the commdirsidishery)and

presents an opportunity to deal with many of the regulatory challenges experienced by these fishers since the
promulgationof the Marine Living Resources Act (MLRA) in 1998. The successful implementation of the SSFP is a
massive undertaking which requires extensive resourcestencbllaboration of DAFF with other government
departments. Implementation has been slamdfraught with challenges, specifically concerning implementation

capacity. What is clear is that the landscape of policy and regulatory challenges experienced by-dealsmall

fishers in the southern Cape will shift significantly as they gain direct &eeceasne resources in the area. The

extent to which the implementation of the policy will address the challenges brought on by the lack of access to

capital remains to be seen. Snsalhle fishers in the southern Cape do not have the capital requiaat¢hase

02FdGa FyYyR SdALYSYd FyR GKS FRIF3IS GKFG wi2 YFH{1S Y
context. Fishers could also find investors, but the choice of investor must be made very carefully to ensure that
current monopolies (elitgawithin the fishing landscape in the southern Cape do not indirectly gain control of the

02 LIBN} GAPSA LA 2FGSYy KFLLBYya 6AGKAY (KS Gyl SEG 21
et al., 2010; Isaacs, 2011; Sowman et al., 2014; Visser[2@jdgan, 2018)Should this happen it may result in a

AAldd GA2y SKSNB (GKS Y2yS8 AylFROSNISYyGte Ft26a ol O]

the smaliscale fishers remaining small.

While the successful implementation of ghelicy will remove a large policy barrier to achieve a sustainable fishery
derived income, the challenges presented by economic factors and changes in the biophysical system will remain.
If provided with adequate support to build their business acumeimaanagement skills within the context of the

fishing cooperatives, the smattale fishers in the southern Cape should be able to build enough adaptive capacity
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to enable them to diversify to livelihood activities that are outside the fishery (withinctimext of the
cooperative). Such shifts will not only build some local resilience towards changes in the biophysical system that
they hold no power over but will also allow them to transform their local fishery system over thetongThis
transformdion will not mean that they do not engage in any fishing activities at all, but rather that they become

able to engage with a variety of livelihood activities such as boat repairs, barber shops, fish shops, farming (to name

a few), which can over the logrm lead to the creation of personal wealth and the development of the town
O2YYdzyAiles Fa AftfdaAdNIGSR 0& GKS aOSylFINXA2 adG2NASa
In short, the successful implementation of the policy cantgte the enabling environment required for these
smaliscale fishers to build their agency to not only affect change in their immediate environment but also to
proactively start responding to shegnd longterm change. With more proactive and cargfiaihning than what

is presently donesuch change could lead to improved sustainability in the letege.

6.2. Reflections on the scenario planning approaaha tool forthe implementation of
anecosystem approach to fisheries managememtoving from goblems towards
solutions

For any realistic future planning to take place, one first needs to understand the driving forces of change. As seen
Ay G(KS RS@St2LISyd 2F (KS . . bagthosekt®ssoksadentiiiame ( KI 0 &
weighting (Chapter Fivejpre different to the weighting revealed by the BBN sensitivity analysis. As discussed
above,it seems thafishers may not be factoring some of the more important stressors within the system into
their cognitive decisiomaking. Furthermore, fishers of the southern Cape all respond to change in diverse ways
and with varying succe¢&ammage, 2015; Gammage et2017b) A possible shedoming in most of the
strategies employed by fishers across the research area mapdieaiforesight required to plan on the longer

term. Even those who have successfully diversified within the fishery such as the Mossel Bay commercial line
fishers (Gammage, 2015; Gammage et al., 2017b) have had to base dealgimnon current conditions thin

the fishery, as uncertainty and complexity make it extrerdifigult to anticipatehow change will pan out in the
longterm. Added to this, the desire to stay engaged in fishetivitiesmakes it hard for fishers to consider
alternative principdivelihood options which may be necessary shoulditiefisheryas a livelihoodot survive in

the longer term.

To consider sustainable futures, fishers need to be aware of the effects of multiple drivers of change in their
decisioamaking. Using caalsmaps and BBNSs in this research has allowed the participants to engage in a process
which can, over the long term and at the correct scale, assist fishers to move towards a more-ciohgtion
decisioamaking space. In this solutidniven space, fishie are then able to proactively consider the future and

how to approach it by using techniques such as scenario planning. Fescstedlishers, who currently remain

marginalised in terms of resources (education, capital), it may remain difficulbgpdivout the required shift in
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thinking without outside support through capacity building. Structured planning exercises such as the one
developed in this thesis, can provide fishers with opportunities to enhance their system understanding, which
allows hem to consider how drivers of change interact within the system. The iterative nature of the planning

LIN2E OS&aa KIFa ONBIFGSR GKS O2yRAGA2ya NBIdANBR T2NJ FA
regarding those, often equally iragiant drivers that directly affect datp-day fishing operations. This was evident

in the way the conversations evolved throughout the three workshops, and in the results of the BBN sensitivity

analyses.

The tools used throughout this thesis firstly agirto highlight complexity, uncertainty and indirect drivers and
feedback loops. Such understanding is are necessary to be able to engage in formal problem structuring. This
phase of problem structuring is not only required for fishers to be able twiragheir responses to change, but

also creates a more holistic knowledge base which can lead to more informed deszikiog at the various levels

of governance. Problem framing and structuring are integral to structured degisking support processe

(Belton & Stewart, 2002; 2010fhe causal map devetmpfor the smaldkcale and commercial line fisheries of the
southern Cape has achieved all these broad aims and helped participants to identify and define the variables for
the BBN. The maps were also a useful tool in the workshopping process whescfigteconsult the maps

when they felt unsure.

The development of the weighted hierarchy and the BBN provided valuable information about how this group of
fishermen perceived drivers of change in their fishery system. While the results must not s mésolation,

they do provide a vital stakeholder perspective. The development of the BBN also served as an essential problem
restructuring tool. Asking the same question (what are the three most important things that affect your ability to

earn a fibery derived livelihood?) in a different, less direct way, resulted in a different answer where the sensitivity
analysis showed a different influence weighting to that of the weighted hierarchy. Reframing questions in this
manner can move the conversatibd- & & Wi 2LJ 2F YAYRQ AaadsSa o6& FT2NBIN2
Y2alh AyFtdSyOS 2y GKS OSYidN}f jdSadrAzyo ¢tKS RAO@S
response groupings could be identified by the sensitivity araffsction 4.3.3.2) is a function of the high

uncertainty in the system. This diversity for such a small group was surprising anddar whether the same

diversity will come to the fore in a bigger group of participants. The BBN as a toolasehawell suited and

equipped to deal with such diverse inputs and opinions.

Untangling the drivers of change in this manner helped move the group toavayaiscevhere they could start
considering how the future may play out, based on what is knowmlzbo (2 R @ Qa a&adaSvyao
perspective portrayed by such a BBN (driven by stakeholder input), is most reliable from the vantage point of that
given stakeholder group. Importantly, researching future policy and developing positive future sceqaiies

the incorporation of often unexplored, but critical, hum@ncia) variableqTiller et al., 2013)Combining systems
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thinking (such as the weighted hierarchy) with Bayesetwork development provided valuable insights and
inputs which can inform such policies and future scenarios, with the principal characteristic of bdésgned

by stakeholdersThe conditional probability tables (CPTs) provided important iissigiat how participants see

the fishery systemAlthough the scale of the BBN developed in this research is not appropriate for the assessment
of future management optionssee Postma & Liebl, 2005; Tiller et al., 2aih8)ability to implement and use the

tool together with stakeholders show that there is potential to use the tool at larger scales in management and

decisioamaking contexts.

For this scenario prototyping exercise, the highest value may not lie Wighimal scenario stories themselves,

but in the capacity building that has been initiated through the research process. This may be most evident in the
fact that fishers were able to actively engage with the BBN development process at the end okiiepging
process, while they struggled with the same exercises in the first work3impugh the process of deriving the

BBN, a certain amount of individual and group learning would have taker{glgoean den Belt, 2004; Gaddis et

al., 2010; Tuler et al., 201 Hlowever, whether the participants adopte newtechnique or mastered a new skill,

is unclear and difficult to evaluaf@uler et al., 2017)Notwithstandingthe fact that fishers were able to engage

with the processes such as the BBN development process towards the end of the field research does indicate that
some learning or shift in thinking must havappenedn the workshopping process (see Chapter Fgetion

4.3.3.1). This process farhas been more useful on the personal level than for management decisions. However,
this prototyping exercise has provided valuable insights into how one aoeldayit conducting a fulijedged

scenarigplanning exercise in a marine SES such as the one in the southern Cape, disBectimuty below.

Previous research by Duggan (2012; 2018) has documented a high amount of distrust between fishers, and the
distrust fishers hold of outsiders, specifically scientists and government officials. These elevated levels of mistrust
can hamper collaborative processes which are an integral part of any scenario planning (and EAF implementation)
process. The approacbllbwed by this scenario planning prototyping exercise can help to create the spaces
required for incremental trust building. However, participants also attended the workshops because they
recognised the value of the process within the context of theamphtation of the SSFP. Specifically, participants
were interested in any information they could get regarding the SSFP implementhtlenat the same time,
recognising the use of the process in exploring ideas for livelihood activities that conlteiaken in the context

of the ceoperatives.

When considering the possible pathways developed for responding to future change, it is necessary to consider
the role of capacity building and agency in the practical implementation of such strategies/elbp édaptive
capacity and buildgencywithin disenfranchised (South African) communitiser parallel often policydriven

- processes need to take place. An example of this is the; 38 the implementation of the SSFP removes a

significantoarrier regarding access to resources, without added support from both DAFF and other government
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departments and NGOs, these srsalile fishers will struggle to capitalise on the opportunities presented by the

SSFP. The communities in the southern Cayaeenthe current crew reside lack the resources to bring about

change themselves. This is demonstrated by the responses to change within the community as documented by
Gammage (2015) and Gammage et al (2017a). This lack of agency, partly assocititeds@dgibeconomic

conditions the community find themselves, is aggravated bydowd education (e.g. Duggan, 2018). For any
INYaaNe2Ga WwWazOAalt Y20SYSyiQ (2 &dzZOOSSRX | adzFTAO0;
and (often) extenal agitators are require(Ballard et al., 2005)Considering the current lack of adaptive capacity

and agency within the southern Calpeefishery strategic future planning may only become viable if external

agitators (which include champions within the State and key NGOs who have networks and resources to draw on)

are willing and able to actively move the processes of capacity building and glalamnig.

Scenario development processes such as the one initiated here can play a vital role in the development of agency
in communities. Asthe starttifed OSyY F NA2 62N) aK2LJlE LI NOIAOALI yiGa AyAd)
not believe hat they had the agendy bring about changes. It wapparenthatthere was a disconnect between

what fishers believe they can do. However, as the process advanced, the participants became more engaged with
the concept of future casting, and there veaghusiastic engagement with future business ideas and possibilities.

To foster agency, community developers/facilitators who work with communities over the long term are required

to plant the seeds and guide them towards making real, substantive chiartheis communitiefPeeira et al.,

2018a,b) Examples of such interactions are already evident in Melkhoutfontein where assatalfishing NGO

has been integral in assisting fishers in getting themselves organised to apply for their Community Right under the
auspices ofhe SSFPThe NG@ontinues to provide support to the fishers although it is unclear whether any
strategic future planning is done. The fishing community of Bitouville has also benefitted from their association
with the same NGO, specifically from thgved communication of information relative to the implementation

of the SSFP and the networking opportunities for community leaders facilitated by the NGO. While this case refers
to an NGO, the collaboration between various partners within other settiogexample W! 6 % caudl ih Q

future assist in creating agnablingenvironment required to foster agency with diverse and multiple stakeholders

(including, amongsither fishers from multiple sectors and various decisiugkers)

Lastly, for diviese stakeholders to get to the point where they are willing to engage in a transformative scenario
planning (TSP) process calls for a significant amount of groundwork to be completed before the actual

workshopping takes place. Although not within the eshbf scenario planningaterson & Petersen (2010) and

19 Abalobi; a registered NPO; is a mobile app suite for ssgalk fisheries governance. The app suitejesigned with fishers, consists of
five modules; Abalobi-fisher,-monitor, - manager; co-op and markefplace and will be used in the management of theoperatives
established as part of the SSFP impletaon (http://abalobi.info/) .
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McGregor et al. (20d@mphasise thémportance of carrying out the proper groundworlaimmultistakeholder
processes the context of Benguela fisheries. This groundwork, called timitiating phase in the TSP process
(see Figure 2.9), involves articulating the problem (or theme), imgyipe system stakeholders and enrolling a
diverse and representative team of people from across the systems who wanttoaninfluence the future of

the systen{Kahane & Van Der Heijden, 201R)the context of this prototyping exercise much of this groundwork
was done in the context of other research studies (such as Gammage, 2015), and due to the hongoggmous

of stakeholders, the emitiating phase was significantly reduced. Should the approach be implemented across the
expanse of, foexample smaliscale fisheries in thé/esternCape (an appropriate scale for a TSP), a significant
amount of time and resources will have to be spent on thimitating phase. To successfully implement such an
approach, getting buin from decisioamakers who are willing and able to influence dystemwill bethe most
challenging aspect. This is especially true for government, where politissskextb bring about change through

the creation of a favourable governance and management environment which favours the implementation and
use of gproaches such as scenario planni@nly then wilkuch approachdse ableto directlyinfluence decision

making at the scale where policy and regulatory decisions are made.

6.3. Complexity, uncertainty and the role of scale in managmgmanactivitiesin sociat
ecological systems

The challenge presented by issues of scale is a key characteristic of the complexity of thervirmamental

system, more especially where milgtvel decisionmaking is required. The term scéBbson et al., 200@¢fers

G2 aLk* OSz GAYS YR 2dNXaRAOGAZ2YIFf &aO0OlfSa émALS WES
the Anthropocene are often multilevel and cut across jurisdictional scales while linking dexigiers both

horizontally and verticallyBerkes, 2017) In the South African fisheries contaxtulti-level and crosscale

governance would require thahformation and knowledgdow y' 2 (i 2 yRi2& y @0 Dldki -delia 2 Wo ;
between national and local levels in a system efnemagement (see Figure 6.1), as mandated by the SSFP and
promoted by the EAF. Considering the scale of the ecosystem, this \gouilafer a need for more crossale

flows of information and interaction between different fishery sectors at the various levels of decisiamy
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together with more meaningful sharing of information and interactions between the -sozddl, smatcale
commercial lineand inshore trawl fisheries which operate in the same area. There are competing interests at
various level®f decisioAamaking for example, local perspectives on biodiversity may focus on livelihoods, the
national level may focus on tourism development and the international level on global biodiversity conservation.
Importantly, these competing interests akscist between different fishery sectors. All these perspectives are both
unique and valid and need to be incorporated into overarching governance and dewimg structures. Figure

6.1 shows current management paradigms in the South African contéthough bottomup management
practices may be espoused in legislation such as the MLRA, the mechanism to affect practices from the bottom up
is not defined nor effective (shown by the broken line); management remaiaotop with local scale interactio

not being considered at the policy decisimaking scaléSowman, 2011) Importantly, the SSFP makes explicit
provisbn for the cemanagement of smadicale fisheriesThapteiOne Section 1.3)although the same is not true

for other fishing sectors. When considering the interaction between national and multinational (Figure 6.1b), the
bottom-up interaction is more edtctive as South Africa is afforded the opportunity to give input as participants in
and signatories of multiational/international fora and agreements, such as the EAC{sagteOne Section 1.2

and 1.3).

(a) (b) Multifinter-natianal

Scaling down:
Enactment of
laws, regulations
[top down)

Scaling up:
(bottom up
management) -
condition “on
the ground”
supposed to
inform
management.

Scaling up: national Scaling down:
assessments ete Enactment of
infarm multi- international
national pality poliey
framework frameworks In
processes. Inputs National Acts,
into global statues {national
assessments

Sector/Region

— e o o — o — o o o o m— —

Fisher/household/town

Figure 6.1. Pathways for scaling processesthie South African fisheries policy landscape. Fisheries
YIEYF3ISYSyld Ay {2dzikKR2FYRO6 & ag i@ kKIADEOEE HORLIS Ay idSNI
policy-making decisions (indicated by broken line). Intemultinational policy framewaks and commitments

(b) are enacted irthe 3 2 @ S NJ/ Wafioial gblicies/acts. Conversely; national assessments, concerns are

integrated into the intermultinational policy frameworks and assessments by engagement in a process which

formulate such frameworks and assessments (such as IPCC, IPBES, SDGS).

It isthus vital, in considering the implementation of an EAF, to see approaches such as scenario planning as an

integral part of an overarching governance approach. Scenarios remain an appropriate method for dealing with



173

uncertainty withinthe entire SES, anat small scakeof the individual town of groupgenario planninga useful

tool for capacity building and social learn{@uay, 210) Additionally, applied in the approaplrsuedin this

thesis, the tool presents a means to engage more directly with problems of scale by facilitating dialogue at various
levels of the decisiemaking structure. This thesis shows how such aroaph, even when carried out at the

small scale, is not only useful for capacity building at the smallest saalerattionbut also provide valuable
insights which are valuable at larger scales. Figure 6.2 shows how-scataitidecisiomaking proess using

scenario approachemuld work in the South African context.

‘ Tools/Methods ‘ Flow of information

=

|Mu|ti/inter-nationa| |

SDGs; IPBES;

IPCC; FAO
EAF

Scaling up: national
assessments etc
inform multi-national
polity framework
processes. Inputs into
global assessment

Scalingdown:
Enactment of
international policy
frameworks in
National Acts,
tatues (national)

NDP; MLRA

Scalingup: small scale
interactions inform
policy to ensure ‘best-

Scalingdown:
Enactment of
regulations that

fit’ policies embody
international and

national policy goal

Regulations,
Incentives

-

Figure 6.2. Pathways for scaling within the decisioraking context. Policy positions and international

undertakings need to be enacted in national policy and legislation. Acti@mghe smaltscale must inform

legislation at the national level, which in turn informs inputs made to muitational and international

SOlLfdzZ GAz2yas LlfAOe LIRAAGAZ2Y A DPR2 QKOS NB/ RIZEIDG 2T ABINGY | Fy2ONS
processes. Paly processes are thus not seen as linear, but iterative. Scenario processes and the use of
structured decisioamaking tools will be more effective if used in a governance approach which considers and

integrates processes at various scaleboth within and between different scales.

Fisher/household/town

Any governance approach will be more effective when the scale of ecological processes is well matched within the
human social institutions that are charged with managing in the heenginonmental interactions (Leslie et al.,

2015). In the case of Souitffrigan fisheries, the sectoral nature of the management approach enforces a
mismatch between the scales of the ecosystem and that of the management structures. This is demonstrated in

the South Africafinefisherywhen considering thenanagemenizone deheation(DAFF, 2013)nd thelinefish
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stock composition on the western Agulhas bank in the Benguela (Blamey et al., 2015). To better ensure better
alignment between management and ecologicalescBlamey et al. (2015) proposed how management zone
delineation could be adjusted to better suit the fish assemblages (ecological) units of scale. For South Africa, would
mean moving away from current management scalatighal sectormanagement zondo a scale which better
reflectsthe biogeographical regions donentedin the ecosystem of the southern Benguetamely,southern

Benguela, Agulhas bank, central Agulhas bank, coastal fisheries.

For the southern Cape line fishers, a better alignmetwen ecological and management scales would benefit
both the ecosystem and the fishers operating in the revised regions (although it must be borne in mind that it
would result in a better alignment which will not necessarily be perfedtalengeselated to migratory species

will remain unresolved). Such a shift in approstebuldresult in a reduction of competition for resources that
currently exists between fishing sectors such as the commercightidenshore trawl fisheries of the southern
Cape through the implementation of catch limits and restrictions that are-apeific. An example that could be
considered in the southern Cape would bedgiewhow areas of operation for the various fishing sectors that
target kob are delineatedith the aim todecrease areas of overlap and reduce fishing pressure. It must be said
that, at present, this is an unlikely scenario as such this could have negative impacts Bigbthéolders. This

again demonstratethe complexty of the fishery governace systemfurther highlighting the needbr dialogue

which importnatlycanboth be facilitated and supported tigclusive scenario planning

For the southerCapeit could be argued that what matters is not how fishers respond (adapt, react, cope), but
instead that they need the capacity to respond to changes and drivers of chapgmdtiveways that are
appropriate (in time and scale) for the situation. Theesech has highlighted the realistic (and attainable)
ambitions participants hold for developments over the next generation. Notably, one of the highlights was that
they did not consider the individual/household response as such, but also the commuawity & a wholg

which is in keeping with the findings of previous research where change response strategies were identified per
town (Gammage 2015; Gammage et al., 2017b). ThesThaktr Stress project (Ommer & Team, 2007) had
similar findings iCanaa. The importance of the community and its viringrecognised by fisheis this study

for the ability to achieve sustainable livelihoods and4eihg has important implications for management and
suggessthat impact on the community and overallnmunity weltbeing shoul@xplicitlybeincludedin decision

making processes throughoui.
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6.4 Implications forthe implementation of an ecosystem approach to fisheries
managemenin South Africaandscope for future work

While rooted in the human dimemsis of SES and keeping a focus on participant engagement, this thesis has
explored tools to achieve a balance between social, economic and ecological objestivesded for the
implementation of EAF in South Afribg using a case study in the contefdhe linefisheryof the southern Cape.

The research, which is reproducible, transparent and adhering to principles of democracy and ecosystém justice
(Brunk & Dunham, 2000ppens a new view on the human dimensions of the southern Teglisheryand
describes a methodology which can be applied across fishery sectors in South Africa. THiy [geessing an
approach that has explored the linkages within the SES with an eye on improving the practical implementation of
an EAF.

For any EAF plementation to succeed, various perspectives need to be integrated into the detigling

process at various scales. Paterson et al. (2010) highlight the need for a transdisciplinary approach where real
world problems are used to develop solutionsantperships with multiple stakeholders. They identify a common
vision, exemplified by the development of an EAF together with the means to fadtieftdinteractions using

SDMTs as the two most important requirements for the development of sustaireds@arch partnerships.

SDMTs do not only help stakeholders make sense of their SES, but it also guides managers in uncertain and
complex systems. Through participating in processes where such tools are developed in support of an EAF, the

common focuswhich is requiredrom all stakeholders can be fostered.

Considering these requirements, the scenddsed approach developed in this thesis provides a means to
conduct the type of transdisciplinary research required in the development and implemeiattioEEAF in South

Africa. This research has shown that SDMTs can work in communities where participants/fishers have little formal
education. By using iterative and participatory processes, even the most disenfranchised and powerless
stakeholders candomeaningfully engaged in a structured process. This shows that to engage stakeholders there
is no need to lose structure altogether. Jinitself, wouldbe a statement of power. With structure crucial to the
practical aspects of fisheries managemiendrder to ensure repeatability and transparency, this finding shows
that by using SDMTSs in processes where the required groundwork, capacity building anihggsdarplace, it

is possible to integrateulnerable marginalised stakeholders into formdecisionmaking processedirectly,

effectively as required by the EAF (Garcia et al., 2003).

V9 0258a0GSY 2dzatd A0S Aa aiGKS SGKAOFfta | O0SLIIFotS NBfFGA2YAKALI Y2y
wOo2YYdzyAlieQé 6. NHzy| 9 5dzyKFEYS wHnnnYuHhnod
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This thesis presents a prototype which will need to be developed more widely and comprehensively to make a
meaningful decisiomaking contribution. As a staand in keeping with the general guidelines for a TSP process,
this would entail scaling up to cover a larger geographical scale. For the southelingiiaipery and in keeping

with the fish assemblage delineation suggested by Blamey 20&86)(this would entail engaging with all fishery
sectors who targdinefishin the area between Cape Infanta and Cape St Francis. Crucial to the success of such a
process is the painstaking work of laying the appropriate basis to ensure that all stakeholdegagel in a co

initiating (or convening phaselkahang2012a,byescribes the requirements of this first phase of the process in

detail while also highlighting theportance of the phase for the overall success of the process, as is done here.

The canitiating phase will be challenging given the South African fisheries management context. Although the
State is central to management, it is considered wWeak Norton, 2014; Jarre et al., 2018p convene a process

that can have meaningfulpats at various decisiamaking scales, it will be important to at least have a champion
within the State who would be willing to, participate in such a process. Institutions such as NGOs who have close
links to the targecommunitieswill also be crucidb the cainitiating phase, as discussed above. Importantly, much

time and effort will have to be spent by the research and facilitation team to identify and approach key individuals
from the State and other institutions who will be willing to learn freach other, remain engaged in a lelegm

project and who can facilitate collaboration with various communities of fishers.

Given the inductive nature of the research, it remains important that some flexibility is built into the research
design. Althougtine prototype process has been based on the principlad&Fthere is space to integrate other

types of scenarios (e.g. predictiseg Chaptefwag Section 2.4) into the process if the need arises. There is also a
needto ensure that the tools usddr structured decisioisupport are appropriate, bearing in mind that there are

more tools that can be developed. While the tools were mostly used successfully in this research, these tools may
not be suitable for all contexts and would require testingpiityping) in different contexts to ensure wide
applicability. As the robustness of the process depends on diverse stakeholders giving diverse opinions on often
sensitive matters, an experienced facilitator (or facilitation team) remains key to theueVeiccess of the
planning process. Importantly, the need to implement the process in a slow manner which ensures that all
participants argoreparedto actively engage with the process, together with the time and resources to ensure a
properly facilitatel process with diverse stakeholders, remains key to the successful implementation of the

approach.

For line fishers such as those from the southern Cape, programmes and interventions which create conditions
where they are able to make informed decisioasdxl on both macrandmicro systemnteractions, together

with the tools and power to implement these decisions, is what would move them towards futures that can be
regarded as more sustainablespecially in terms of their livelihoods and viming. The creation of enabling

conditions, where policy and decisiomakers (which include fishers as direct resource users) at various levels
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actively engage on issues affecting the marine SES, is key to effectively implementing an EAF, moving fisheries and
dependent coastal communities closer to attaining sustainable futures. Specifically, this research shows that by
engaging in capacity building on the ground, disadvantaged communities can actively be empowered to
participate in more complex, mulitakeholde planning processes. Their inputs could thus inform policy
processes in a bottorap approach, as opposed to the currémp-downl LILINE F OK g KSNBE (G KS& | N
R2Q® 2 Kdelf)S YHMORHFHRWSY (i YSOKFyAayYa R2 y2i OdNNBy(f &
demonstrates the potential to facilitate a twarectional flow of information between various scales of ty&tem.

Establishing more effective flows of information across scales, although only the first step in a complicated process

of re-imagining decisiomaking processes, is the first step in moving fisheries and fishing communities towards

improved sustairiaility.

6.5. Conclusion

The benefit of oceans to people is undeniable and well described. Complexity and uncertainty in marine SES
require a paradigm shift in how we perceive, study, manage and govern. Considering that the earth system seems

to be neaing critical tipping points faster than previously expected, it becomes evident that this paradigm shift
Olyy2G GF1S GKS GNYRAGAZ2YIT Wat2g | yR ainkkeRe Q (NI
alike. Importantly, this change in tking calls for research that moves beyond the traditional framings and
discourses that places the focus on what we know, towards approaches where there is a focus on increasing the
capacity of stakeholders to make sustainable decisions within rapidlyichaegnplex adaptive systems with an

eye on actively planning for the future.

The research presented in this thesis has shown that modelling approaches such as SDMTs can be done with
stakeholders, even those who have patviouslybeen exposed to such reds. Specifically, through the use
oftheBBNF A A KSNA KI @S 06SSy Fo6fS G2 Y20S Ll ad wiz2L) 2F VY.
that participants teneédto downplay the effect of climate change on their environment, this is impbesuthe

BBN results show that climate drivers asimportant asother drivers. This result highlights the ecological

human linkage anthe importanceof such interactions. Through the implementation of an interactive and

iterative process, the pross hagesulied inthe promotion ofcapacity building at the scale of the individual,

household and community of fishers. Importantly, meaningful scenarios have been developed for thesdenall

fishers in Melkhoutfontein. Reflecting on the developmantl implementation process has allowed for the

discussion of multiple stakeholder settings and the value of the approach in addressirgassssultiplscale

in SES

Complexity andincertainty in marine SES hamper effective decisiaking at discales. This thesis shows that

scenarigbased approaches present a practical, scaladgihodologythat is able to facilitate learning, capacity
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building and decisiemaking with the ultimate aim of improving the implentation of an EAF Importantly,
through the use of SDMTs crucial local system insights have been documented, enhancing our understanding of
local system interactions. By building on #ssentiaknowledge of the local SES, the next implementation step
will be to scale up thecenarigplanningprocess to an appropriate ecological scale. To facilitate the necessary
learning and capacity building required f@uableinteractions, the research shows thatstcrucial to lay the
appropriate basis for multiple stakeholder meetings, vailithe effort that needs to go into it. Only then is it
meaningful to embark on a fddlown, multiple stakeholder planning proceshkroligh the implementation dahe

tools and approachsed hereit will become possible to improve decisioraking at all scales, promoting adaptive
capacity of the person, household and community while enaliiqmoved governancet the large scale.
Ultimately, better decisioimnaking does not only promote social justicefishers, but also ecosystguostice both

of whichare crucialnot only for the implementation of an EAF, but more generfillylongterm system

sustainability.
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