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ABSTRACT

There is a growing recognition that implementation of marine protected areas (MPAS) in
combination with cenanagement regimes can be a solution to enhance the resilience of
governing systems to respond to the seeddlogical impacts produced by poor
govanance and external drivers of change, such as climate variability and market
globalization. However, to date there are few empirical examples inAmtgrica and the
Caribbearthat demonstrate the challenges associated with the practical adoptioreof thes
alternative management approaches. In this dissertation, | used aesobtigjical
approach, in combination with GIS modelling techniques and boosted regression models,
to conduct a longerm integrated assessmentlod impact of Galapagos Marine Reger

( GMR) 6 s mar i nananagementragimean ghellfish fisheries. My analysis
focused on the impact of this alternative management approach, and other relevant human
and climatic drivers, on the spatial distribution of fishing effort in the spibster fishery.

Based on this analysis, | identified: (1) the institutional factors that are preventing the
effective transition from a resourfecused to sociakcological and ecosystebased

spatial management approaches; (2) the enabling conditiansaicttp build institutional
adaptability; and (3) fishers6é adaptive r es:s
human and climatic drivers. My results suggest that substantial changes in fishing effort
distribution occurred in the spiny lobstestiery due to economic perturbations produced

by the boomandbust exploitation of the sea cucumber fishery and the global financial
crisis20072009 rather than ndake zone implementation. These drivers of change caused

a severe reduction of fishing eftpwhich together with the combined effect of market
forces and favorable environmental conditions contributed to recovery of spiny lobster
stocks. Fishers™ adaptive responses varied according to the magnitude, extent, periodicity
and intensity of the dvers of change analyzed, and the geographic and socioeconomic
features of fishing communities in which fisher organizations are embedded. Therefore, a
comprehensive understanding about htmgal fishing communities copevith the
interactions of differentiman and climatic drivers is fundamental to reduce the risk of
producing wrong conclusienabout tle role that ndake zones playedn a fishery
recovery, as it was revealed by this dissertation.
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CHAPTER 1. INTRODUCTION

1.1 Introduction

Small-scale fisherie$SSF)play a critical role in terms of food security and nutrition, poverty
eradication, equitable development and sustainable resource utiliratiatin America and

the Caribbean (LAC{Begossi, 2010; FAO, 2014%everal million people are directly or
indirectly engaged in (or benefited by) fisherassociated livelihoods, includy harvesting,
processing, trading, ancillary services, éfefeo and Castilla, 2005; Saletsal, 2007)
Nevertheless, despite the social, cultural, and economic importance of SSF for coastal and
inland communities, most of them have been largeyginalizedignored or dismissed in
national and international polici€Berkeset al, 2001; Pauly, 2006Consequently, SSF
govemnancehas receivethadequate financial, institutional, and scientific supgort an
underrepresentation of the conceansl interests of fishing communities in policy
discussiongSalaset al, 2007; Chuenpagdee, 2012; FAO, 2014)

In this contextSSF sustainability has been difficult to achiewe to factors categorized as

Awi cked f i s(semswegntofi and Ghuenpagdée, 200@)own forunderminng

fisheries governance systemghe LACregion (Salas et al., 2011; Defeo and Castilla,
2012),which include (1) there is a dominance of hierarchical (or-tigwvn) governance

systems, which tend to show poor centralized capacity to enforce regulations and to collect
reliable biologic and socezonomic fisheryelated data; (23onventional stock assessments

are difficult or impossible to conduct because of lack of scientific data, precluding the
management of SSF on the basis of catabtas and effort control; and)(8 most SSF are
developedilong extensive coastlines under open access regimes, fishery agencies are unable
to regulate access and avoid illegal ifigh Moreover, SSF are not only undermirgdweak
governance, but also by the negative impacts produced bydeaigeanthropogeniand

climatic drivers, such as the globalization of markets and extreme climatic events (e.g., El
Nifo, hurricanes, etc.) acting at multiple temporal and spatial y&degcket al, 2010;

Perryet al, 2011; Defeo and Castilla, 2012; Defsaal, 2013) The negative impas

produced by all these drivers degrades the resilience of target and incidental species and their

critical habitats, altering the structure and function of marine food (Rebsyet al, 2010;
1



Hall, 2011) This causes cascading effects that disrupt ecosystem services, such as fisheries
productivity, ultimately threateninigod, nutrition andivelihoodssecurity offishing

communites (Allison and Ellis, 2001; Smitkt al, 2010) As a result, several SSF in the

LAC region are either overexploited or deplef8dlaset al, 2007; Defeo and Castilla,

2012)

The evident failure in achving sistainability in SSFin the last two decadésisencouraged

atrars i t i on f r efno cau sfier deds -@amogied systerisappioadh(Charles,

1995, 2001; Berkest al, 2001; McConney and Charles, 20183 a potential solution to

reverse the negative environmental and socioeconomic impacts produced by the global
fishery cri sficscuslehdeo Aa pepsroaua cclromgdiasaditleer act er i z ¢

biology and population dynamics of the resources, and in some cases the economic aspect of

the fisheries. However, itignoresorundea | ues t he environmental an
di mensi ons o0 of (Berkeeand Folkeh1898;\Chaslgs,200&; @harles and
Wilson, 2009) | n c ont r-eceldgical systemis fasppaioaalc h recogni zes

embedded in sockcological systems, @s k n o wn ansnatiirensysnearms 0 O r

A hunreannv i r o n me rBerkesey ad, 20O Inkiuet al, 2007; Ostrom, Janssen and

Anderies, 2007)Thus, asocid-e c ol ogi cal system (SES) is defi
systems that include social (human) and ecologicatgbisical) subsystems in a tweay

f eedback rBelkest201b)The SEIS ppproach explicithecognizes that humans

are part of, dependent on, and affect the ecosystem in wigghive, work, and playDe

Young, Charles and Hjort, 2008 other words, it emphasizes that the delineation between

social and ecological sysns is artificial and arbitrariBerkes and Folke, 1998)

Fisheries are typical exampleESESs, which can be broken down into three basic
interacting subsysten{€harles, 1995, 2001; Defeo, McClanahan and Castilla, 200)7)
resource (e.g., lobsters); (2) resource users (e.g., fishers) and (3) resourcemaangmge
governng systenm. These three interacting subsystems are linked to social, economic, and
political settings and related ecosystems (Ostrom, 2009). All of them exhibit characteristics
of complex adaptive systemghich are systems able to setanize and build capacity for
learning and adaptatidfrolke, 2006; Mahon, McConney and Roy, 2008)



Theassessment amdfective governance of SSF as complex seetallogical systems

requires a comprehensive knowledge about the dynamic interaction between biophysical and
human subsysten{Berkesetal., 2001; Folke, Colding and Berkes, 200Bhis impliesthe

need tarecognize how different drivers of change (e.g., climate variability, markets
globalization) affect the dynansof resources, their marine environment and the people
whose livelihood depend on them, and how the feedback produced by each subsystem, in
turn, alter the original dynamic of ecosystem services and human bel{@aonst al,

2011; Defecet al, 2013) In practice, this meanbat one also needs tmderstand not only

how the dynamigof fisheryresources and their ecology is affected by human exploitation

and climate, but the mechanisms through which fishing communities learorgatize and
respond to the socioeconomic and ecological chafRgrsyet al, 2011) Such changes are

often driven by{1) the establishment of new institutions, policies and governance
instruments, and (2) the crises puodd by a wide variety of climatic and human events. The
integration of this knowledge is fundament al
affected by different management strategies, and the ecological and socioeconomic
consequences of such chan{fealas and Gaertner, 2004; Bramtlal, 2006) Based on this
information, policies aimed on building resilience in SSF can be designed to promote the
capacity of fishing communities and institutions to cojith and adapt to chang8uch

policies would alsoake into account the particular ecologicabcioeconomic and political

setting of each case study under evaluai@mmeret al, 2011)

The SESapproachs akey element of thecosysterbased marine spatial management

(EBSM) approach, also known as pldmsed managemefounget al, 2007) This

approacthas emerged as a tangible waytranslating the concepts regarding ecosystem

based rmnagement approach (EBM) into an operational management practice in coastal and
marine environment&Ehler and Douvere, 2009)he EBSM approach emphasizes the idea

that since marine ecosystems are places, and human activities affecting them (fisheries,
tourism, marine transport, oil and gas exploitation, etc.) occur within those places, ecosystem
based management must be memdly placebased Crowder and Norse, 200&jience, the

main aim of EBSM is to provide a mechanism for a strategic and integratedgsed



approach to manage the full suite of human activities occurring in spatially demarcated areas
identified through a procedure that takes into account biophysical, socioeconomic, and

jurisdictional consideration&ounget al, 2007)

Marine spatial planning (MSP) represents a practical way to adopt an EBSM approach in the
marine environment. I't can be defined as fa
spatial ad temporal distribution of human activities in marine areas to achieve ecological,
economic, and social objectives t ha(fEhlemr e wusu
and Douvere, 2009Y his toolhasproven to be usefufor managng resourcause conflicts,

redudng the cumulative e#fcts of human activities anarine ecosystems, optinmg

sustainable socieconomic deglopment and deliverg protection to biologically and

ecologically sensitive marine are@ouvere, 2008)

A cornerstone for the application of an EBSM approathasadoption of marine zoning,
also known as ocean zonirithe latter is a spatially explicit tool that consists of regulatory
measures to implement marine spatial pl@gardy, 2010) It specifies allowable uses in all
areas of the target ecosystem(s). Different zones accommodate diffegntrudifferent
levels of useRecent studies suggebkatthe adoption of spatially explicit management
measures such as Marine Protected Areas (MPAspmbination with cananaged
harvesing areas bearing exclusive spatial fishing rights to local communiéipgesents a
more robust approach to addrdss toots oSSFmanagement failurgsVormet al, 2009;
Gutiérrez, Hilborn and Defeo, 2011; McCaelyal, 2014; Defecet al, 2016)

1.2 Problem statement

There is a growing recognition thatplementation of MPAs in combination with-co
management regimesin bea solution to enhance the resilience of governing systems to
respond to the socka@cological impacts produddy poor governance arekternal drivers of
changesuch aglimate variallity and marketglobalization(Badjecket al, 2010; Defeo and
Castilla, 2012; Orteget al, 2012; Defecet al, 2013) Yet, to date there arew empirical

examples in LAGhat demonstrate:



1. The challenges and bdiie associated witthe adoption of these alternative
management approaches on the gra@utiérrez, Hilborn and Defeo, 2011)

2. Theinstitutionalfactors thaprecludethe transition from a resourdecused taa SES
and EBSMapproach

3. How f i s her s 0 eckeelydPAs and eoiarsagemént regimes, particularly
in those cases whichfishersmustcopesimultaneouslyvith the interaction of
different climatic and human drivers of change, and how their adaptive responses

could influence the interpretation oft@ke zones effectiveness assessments.

Despite thencreasing number of MPAs implemented in LAC in combination with co
management regimesgery limited or no exertion diuman and economic resources
usuallyallocated to monitothe performance dhis dternative governance modéutérrez,
Hilborn and Defeo, 2011§iven the lack of datdhese systems aréten plagued by the
inability to evaluatehe biological and socioeconomic outcomes of MPAs and co
management strategies implemenedfeoetal., 2016) For example, Gutiérrez et al. (2011)
shows that only a small percentage of 130mamaged fisheries, distributed in a wide range
of countries with different degrees of developmentiuded alongterm performance
assessmeritamework.According to these authors, lgr7% of 130 cemanagement systems
evaluated showed a combination of interviews, fisttlyendent and independent data to
evaluate their performance; meanwhile only 6% presented bafiere controlimpact, or
complete befaaftercontrotimpact (BACI) approache®©n the other hanavenin those
cases in which BACI approaebcan be carried outgsearch is usually biased to the-bio
ecological aspects of the coastal see@logical systemiSalaset al, 2007) leading to poor

understanding about the human dimensions that influence the governance of MPAs.

Furthermorespatial distribution of fishing effort arttie socieeconome fadors that

influence the fishindgpehaviorare often not well understo@ither(Wilen, 2004; Branclet

al., 2006; Horta e Cos#t al, 2013a) Consequentlylack of explicit consideration of space

in stock assessment and fisheries management has usually led to spatial and temporal
mismatches between the scale of biophysical systems and the scale of the rights, rules, and

decision making procedures created &nage human interactions within these systems



(Hilborn, Orensanz and Parma, 2005; Youegigal,, 2007; Prince, 2010puchtrends
highlight the urgent need for spatially explicit integrated assessmoegffectively evaluate
thelong-term performance of alternative management regimes, which produegraatidel

evidence about the factors that determine their success and failures in the LAC region.

The Galapagos Marine Resel(&MR) represents a unique cases study in the LAC region to
evaluatehe challengeand result@ssociated to thieansition from aesourcefocused to a

SES and EBSM approacin. this multipleuse MPA, a marine zoning was implemented in
combination with a cananagement and common property regimeddition to the
implementation of this alternative management approach, fishing comesurad to cope

with the interaction of different climiatand human drivers of change. These include El Nifio
1997/1998; the boom and bust exploitation of a very profitable fishery, the sea cucumber; and
the globalization of markets, represented by the global financial crisisZ8@®7 In 2011,

the spiny lobgdr fishery from the GMR showed a remarkable recovery after years of
overexploitationAs the reaonsbehind such unexpected recovery are not fully known. It
could be wrongly concluded thspiny lobster stocks recovery was the result of implementing
no-take zonesleading tahe adoption of misleading management actibonsonsequence
comprehensive understanding of how local fishing communitiedaoiple the interactions

of various human and climatic drivers, both temporally and spatially, is fundainent
under st an dadhptive responsemddrinflu@nce the interpretation of ke

zones effectiveness assessmenitss will contribute tareduce the risk ofvrong conclusions
about the relevance of iakezones orthe recovery of the spingbster fishery from the

GMR.

1.3 The Galapagos spiny lobster fishery as a case study

The Galapagos Archipelago is located in the Eastern Tropical Pacific about 960 km west of
mainland EcuadafGonzalezt al, 2008) It is comprised of approximately 234 islands, islets
and rocks with a total emerged land area and coastline of ca. 7 88Hm#rh667 km,
respectively(DPNG, 2014)This volcanic archipelago is featured for being located at the
convergence of three major seaalty varying warm and cool water current systé¢fdgar

et al, 2004): (1) the warm southwesterly flowing Panama current; (2) the cool northwesterly
6



flowing Peru current; and (3) the cold eastwiditdwing subsurface equatorial undercurrent.
This produces strong differences in aoegraphic conditions across taechipelago over

short spatl-scales, which are reflectendl broadscale marine biogeographical patterns.

The archipelago is divided into fivearine bioregions, referred to as-féorthern, Northern,
SouthEastern, Western and Elizabétthe latter being a bioregion located in the Western
part of Isabela Island, whose proportion of endemic species is anomalous(iddginet al,
2004a; Fig. 1.1)Each bioregion is featured for having distinctive reef fish and macro
invertebrate assemblages, most of which show a mix of species derived freRaltitio,
Panamic, Peruvian and endemic source areas. The abundance and distribution of all these
marine spcies and their habitats are strongly affected by El Nifio Southern Oscillation
(ENSO), whose main influence area is the Equatorial Pacific Ocean. Hence, the particular
location of Galapagos makes it a unique place to assess the potential impacts of climate
variability on the demography and life history traits of marine spébiefeoet al, 2013)

The particular geographic and oceanographic features Gfatagpagos Islands influenced the
origin of a high proportion of terrestrial and marine endemic species (ca. 18%), such as the
marine iguanaAmblyrhynchus cristatysflightless cormorantRhalacrocorax harrisj, and

the laminarian kelpHisenia galapagesis) (Edgaret al, 2004). Thisfeatureinspired the
naturalist Charles Darwin to conceive his famed Theory of Evolution by Natural Selection,
following his visit to the archipelago in 1835, and was resjba for the designation of the
Galapagos Islands as World Heritage site by UNESCO in 1978.

A high diversity of marine sriesarecommercially harvested, the masgnificantbeingthe

sea cucumbeigostichopus fuscyigind spiny lobstefRanuliruspenicillatusandP. gracilis).
Both are caught in suiidal rocky habitats through hookah anelediving. In 2012, here
werel084 license holders and 416 vessels distributed across three main ports (Baquerizo
Moreno, Puerto Ayora and Villamil; Fig.1), although only 37% of them rema&dactive in

the spiny lobster fisherfReyes and Ramirez, 2012} ishersare organized in four fishing
cooperatives, locatkin Santa Cruz (1)sabela (1) and San Cristobaldnds (2)Thefishing
industry employs approximateB/6% of the active economic populatigNEC, 2007)and



its contribution to the Galapagorogs domestic product (G) is approximately 1.9%4JSD
3.2 millions: Castrején, 2011).

The overcapitalization of the small scale artisanal fishing fleet, driven lipotira and bust
exploitationof the sea cucumber fishery,dathe exponential growth adurism activity in the
archipelagoled to the participative elaboration and enacting of the Galapagos Special Law
(GSL) in 1998 Gonzéalezt al, 2008; Castrejon, 2011} his implied the designation of the
Galapagos archipelago and its surrounding @meran as a multiple use MPRnown as the
Galapagos Marine Reserve (GMR). The latter has 138,08@vkinan extension of its
boundaries40mie o f f shor e f rie.mnimdyiearyfine pisirgltheugre 0 ,
islands of the archipelag&dgaret al, 2004).

Several management measures were imetged by the GSL tshift from an operaccess to

a common property regime in fishery resources between 1998 an@H®@ihgs and Bravo,

2007; Castrejon, 2011y hese included the prohibition afdustrial fishing inside the reserve

the allocation of exclusive use rights to local fishén the form of licenses and fishing

permits, and the adoption of &BSM approach. The latter was implemented through the
adoption of a marine zoning, a spatially explicit management tool that was designed, planned
and implemented by a consenfiasedoarticipatory process between 1999 and 2006
(Calvopifnaet al, 2006; Heylings and Bravo, 200Mhe GMRG6s marine zoning
forward, under a cenanagement regime, in order(8PNG, 1998)(1) contribute to the
sustainability of Galapagos fisheries by providing potential areas from which fisherg stock
can recover and spillover infishing ground; (2) reduce conflicts among users as a result of
incompatible demands for ocean space (e.g., tourism vs. fishinlj:srake vs. largscale

fishing); and (3) mitigate the impact of uses on sensitive ecological areas of the archipelago,
which are critical to the functioning of marine ecosystems and the catiseref threatened
speciegEdgaret al, 2008)
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Figure 1.1 Bioregions, islands and ports of the Galapagos Islands, Ecuador.

The institutional shift fromatop-down toco-managemerdpproactwas achieved through the
creation and institutionalization of two nested decisitaking bodiegHeylings and Bravo,
2007; Castrejon, 2011the Participatory Management Board (PMB) and the Institutional
Management Authority (IMA). Both are forums, where local stakeholdersf{sleers,
tourismoperators, naturalist guides, scientist and conservationists) can participate in the
decisionmaking process along with the GNP and the Environment Minister, the institutions
in charge of the management of the GMR. Decisions are lgkeonsensus in the PMB and
by majority of votes in the IMA. Such amanagement scheme candbessified as in the
categoryof i a d v i(Defeal @astilla and Castrejon, Z)0

Adoption of thealternative managemeappro&h triggered the transitioffom a resource
focusedoward an SES approach. Nevertheless, this change has been precluded in part by the

divergence between the innovations of the Galapagos legal framework and-tuerteal
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institutional constraints of local fishery agencies typically observed in developumdries
(Mahon and McConney, 2004; Saktsal, 2007; Andrew and Evans, 201The
implementation of marine zoningnder a common property and-c@nagement regime,
represents an important step forwtodards theadopion of anEBSM approach in the
GMR. Nonethelesgt failed toprever the collapse of theea cucumbdisheryin 2006
(Shephercet al, 2004; Castrejon, 2011dndwas unable tensure the sustainable
exploitation ofthe spiny lobstefishery, which showedsigns of overexploitation from the late
1990s to the middle 200@Qse., during and after conanagement and marine zoning
implementation)Castrejon, 2011; Ramirez, Castrejon and F@anda, 2012; Defeet al,
2016)

Several institutional, legal and socioeconomic factors hanted the successful

implementation of mariezoning and conanagemerin the GMR(Castrejon, 2011; Defest

al., 2016) including: a) reactive governance due to lack of long term strategic planning and
practical mechanisms for precautionary and adaptive management; b) poor implementation
and enforcement of management praed, due to a weak monitoring, control and

surveillance system; c) excessive fishing capacity due to the inappropriate allocatian of use
rights (licenses and fishing permits); and d) weak leadership, social cohesion and
organization of local fishingooperativestHowever, &ey factorthat led to itsfailure was

lack of attention tepatiattemporal dynamics afhellfish stocksnd flees during the design

of marine zoningEdgaret al, 200d). ThussGMRO6 s mar i n aesgrechanch g was
implemented withoutonsidering the spatiémporaldistribution of fishing efforacross the
archipelagolt was not recognized thatichknowledge is fundamental to design successful
fisheries management systetoscieve the desired social, economic, and biological
objectivegBranchet al, 2006) including the minimization of conflicts between fleets or
different economic sectors (small vs. lasggmale fishing, or fishing vs. tourisnfurthermore,
even though a large amount of spattaiplicit ecological and fishery relatethta has been
collected since 1993 longtermspatially explicit integrated assessmahout the impact of

GMRG6s mar i n e spmplobstar fisheoy stifl niksmg in thescientificliterature.
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1.4 Objectives and research questions

This doctoral thesis presentsaldngr m i nt egr at ed assessment of
zoning and cananagement regime dhe governance ahellfish fisheries, wit emphasis on

how this, along with other relevant human and climatic drivers, impacts the spatial distribution

of fishing effort in the spiny lobster fishery. In four main chapters, this dissertation addresses

the following specific objectives:

1. Under stand the factors that have influenc

and cemanagement regime on shellfish fisheries.

2. Determine the impact of rake zones, and other relevant human and climatic drivers

on the distribution of fishing effbin the spiny lobster fishery

3. Evaluate how local institutions and fishing communities have responded to diverse
climatic and human drivers, including implementation of marine zoning, and how these
adaptive responses were shaped by the features abdbtaksociakcological system

under assessment.

4. Provide recommendations to better realize the potential value of the EBSM approach to

co-managing the shellfisheries of the GMR.

Based on these objectives, the following research questions will berexami

1. What institutional factors are preventing the effective transition from a resfmaased
to a SES and EBSM approaches in the GMR (Chapter 2 and 3).

2. Why has the adoption @fmarine zoning scheme aadomanagement system not been

effective to letter realize the potential value of the EBSM approach4ma&oeaging the
shellfisheries of the GMR (Chapter 3).

11



3. What are the enabling conditions required to build institutional adaptability in the
G MR 6 smawgagement system (Chapter 3 and 4).

4. How wasthe spatiotemporal allocation of fishing effort in the spiny lobster fishery
affected by the interactions of different human and climatic drivers, including marine
zoning i mpl ementati on, and how coul d fi:

interpretaton of noetake zone effectiveness assessments (Chapter 5).

5. What actions should be taken by local institutions to improve the management
effectiveness of GMR©G s ma r anc theingtimfonaln g o n

adaptability of itsco-managemengysten? (Chapter2-6).

1.5 Organization of the dissertation

This dssertation is organized in sthaptersChapter2 reviews the origin and advances of
fishery science in the Galapagokigls before ad after the creation of the GM&hd its ce
management system. It explains how these events triggered the transition from a resource
focusel to a SESQpproachThis review is focused on two local institutions, the Galapagos
National Park Servic6GNPS)and the Charles Darwin Foundati@@DF), which have played

a key role in the development of festy science in the archipelagdased on this analysis

this chapter identifieheinstitutional factorghatare preventing the effective transition from

a resourcdocused to a SES and EBSMpapaches in the GMPprovidingrecommendations

to complete such transition.

Chapter 3xplains the process followdd the GMRat the end of the 199@s adopt an

EBSM approach through the design and implementation of marine zamdgr a ce

management regim&heaim of this chapter is tevaluate the shortcomings and lessons

learned related to planning, implementation, monitoring, evaluation and adaptation of the

GMR6s marine zoning scheme. Thhi sGMRhasp tnearr ienxep |
zoning has achieved these five basimponents since its inception. Based on this critical

review, this chapter explamwhy the adoption of a niane zoning schemand a ce

management system not been effective to better realize the potaht&aof the EBSM

12



approach to conanaging the shellfisheries of the GMRnally, it providesa setof insights
to adapt andmprovetheGMR 6 s  m@ingtora@dressherootsof fisheriesmanagement

failuresthatledto the overexploitatiorof the seacucumber and spiny lobster fisheries.

Chapter 4 examines the GMR in a comparative context of other relevant fishery systems in
Latin America, to evaluate how institutions learn, ®effanize and respond to diverse

climatic and human drivers. Comparing the GMR with six other examplesgdvesnance
arrangements, this chapter identifies énabling conditions required to build institutional

adaptabil it y-managemehtsyst8&MRO s c o

Chapter Zevaluates howhe interaction of different larggcale human and climatic drivers

have influened the macro and miciscale spatiotemporal dynamic of fishing patterns around
no-take zonet the GMR. Using gographic information system (GIS) modelling

techniques, in combination with boosted regression mattiedschapter evaluates how the
spatiotenporal allocation of fishing effort in the spiny lobster fishergsaffected by the

interactions of different human and climatic drivers, inclgdimarine zoning

implementation. Based on this analy$is, s her s 6 a d werdidentfied,andtheip ons e s
management implications analyzed, including thrdluenceon the interpretation of ntake

zone effetiveness assessments

Finally, Chapter @resents a summary of each of the Chapter conclusions and discusses the
academic and apipd contributions othis work, including thectionsthatshould be taken by
| ocal i nstitutions to Iimprove the management

shellfish fisheries
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CHAPTER 2. FISHERY SCIENCE IN GALAPAGOS: FROM A
RESOURCE -FOCUSED TO A SOCIAL -ECOLOGICAL SYSTEMS
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resourcefocused to a sociacological systems approach. In: Denkinger J, Vinueza
L (eds)TheGalapagos Marine Reserve: A dynamic soe@blogical system
Springer, New York, p 159.86.

2.2 Abstract

This chapter reviews the origin and advances of fishery science in the Galapagos Islands
(Ecuador), before and after the creation of the Galapagos Marine Reserve and its co
management system. It explains how these events triggered the transition fronreeres
focused to a socia¢cological systems approach, which, however, remains incomplete due in
part to a continuing dominance of the resotffomised approach within the structure and
function of local institutions. It is argued that further progressitd a full socidlecological
systems approach is needed to solve the increasingly complexesegionmental problems
faced by the archipelago. Transformation of the Charles Darwin Foundation into an inter
disciplinary research center is suggested kesyanove toward this goal that would increase

the adaptive capacity and resilience of local institutions to deal with potential impact of

globalization and climate change on the archipelago.
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2.3 Introduction

In Latin America, as in other parts of thverld, the evident failure to achieve sustainability in
smaltscale fisheries (SSF) has ing#ied criticism of the asses&nt and management

approaches commonly used in this type of fisheries. Here we refer to this common framework

as Aresoutoerébcesteda ficonventional 6 combi na
what is included i ps ptehce easpopid masntdh af ri-deatpo mma m ah

control 0 mechamkingm for deci si on

Several scholars have advocated a fundamental changet hi s-f bcesedoc e r
conventional fishery research and management paradigm, which is nevertheless still
dominant in developing countries (Salas et al. 2007; Andrew and Evans 2011; Defeo and
Castilla 2012). Most proposédlsn v o | v e a d sherysyi sotne(@hsirtes a2008 )fori

A s oieicall o gi c dBerkes etsat 200 sMeClanahan et al. 2009; Ommer et al.
2011) approach as a potential solution to reverse the negative environmental and

socioeconomic impacts produced by the global fishasysc

The Arkeeousedod approach, which is characterd.i
population dynamics of the resources and in some cases the economic aspect of the fisheries,
ignores or undervalues the emsvd rofnnemda afli samedt
(Berkes and Fol ke 1998; Charliesol2ddilgal Osny g th
approach recognizes that SSF are embedded inissmpdgical systems, also known as
Ahurm@emat ur e syst emioOmemnt systdishou nfaBher kes et al . 20
2007; Ostrom 2007). SES are composed of three basic interacting subsystems (Charles 2001,
Defeo et al. 2007) (1) resource (e.g., lobsters), (2) resource users (e.g., fishers), and

(3) resource management (or governanik)f these are linked to social, economic, and

political settings and related ecosystems (Ostrom 2009) and exhibit characteristics of

complex adaptive systems, which are able to@génize and build capacity for learning and
adaptation (Mahon et &008).
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The socidlecological systems (hereafter SES) approach integrates the biophysical and social
sciences through an understanding of how hum
dynamics and ecosystem processes and how the feedback prodiieed,influences

ecosystem services, thereby altering human behaviors and impacting the original dynamics

and processes (Collins et al. 2011).

This approach has important implications for fishery research and management. It makes
clear that assessment andnagement of SSF require an integrated knowledge about the
biology and ecology of fish resources, as well as the secamomic, resource user, and
institutional factors that affect the behavior of fishers and policymakers (Seijo et al. 1998;
McConney ad Charles 2010). This knowledge is fundamental to understand how
stakehol dersd behavior is affected by differ
socioeconomic consequences of such changes (Salas and Gaertner 2004). This highlights the
need fo interdisciplinary, integrated, and participatory research, involving biological,

economic, social, and institutional analysis to describe and understand the dynamics within
and beyond the fishery system (Charles 2001). This implies describing and amdiegsthe

social, economic, and political linkages of fishing with other elements of ecosystem and
human systems (e.g., climate change, tourism) and extending fishery research from aquatic
ecosystems and harvest sector to the processing, marketingstuitition of aquatic

resources (Garcia and Charles 2007). Therefore, the adoption of this alternative approach by
national fishery agncies requires major transfioations in their function and structure in

order to poduce expertise on interdiptinary and participatory research, strategic planning,
mediation, and facilitation. All of them have been identified as fundamental skitkatge

from a resourcefocusedto an SES approach, particularly inveleping countries

(Berkeset al. 2001; Maho and McConney 2004).

In the Galapagos Islands (Ecuador), the assessment and management of SSF are gradually
shifting from a resourcéocused to an SES approach. Aroanagement and an ecosystem
based spatial management approach were legally implemenBalapagos at the end of the
1990s to tackle the complex so@avironmental problems that are leading to the degradation

of the naural and social capital of trerchipelago, includinghellfisheryoverexploitation
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(Castrejorand Charles 2013). Adoptiafi these approaches, by the declaration of the
Galapagos Special Law (GSL), triggered the transition toward an SES approach.
Nevertheless, this change has been precluded in part by the divergence between the
innovations of the Galapagos legal framewor#l tre realworld institutional constraints of
local fishery agencies typically observed in developing countries (Mahon and McConney
2004; Salas et a2007; Andrew and Evans 2011).

The objective of this chapter is to review the origin and advances efyfishience in the
Galapagos Islands, before and after the creation of the Galapagos Marine Reserve and its co
management system. Particular emphasis is placed on the events that triggered the transition
from a resourcéocused to an SES approach and tistitutional factors that are limiting this
change. This review is focused on two local institutions, the Galapagos National Park Service
and the Charles DarwiRroundation, which have playéey rolesin the development of

fishery science in the archipetadRecommendations are also provided to improve the means
to deal with the complex soeenvironmental problems faced by the archipelago, by
transforming one of these institutions, the Charles Darwin Foundation, into a resilient
interdisciplinary researcinstitution that moves more fully into an SES approachstwefy

research and management.

2.4 Th e origin and early development of fishery s cience in the

Galapagos Islands (1788 7 1991)

Commercial exploitation of marine resources in the Galapagos Idlegds at the end of the
eighteenth century, approximately 253 years after its discovery by Fray Tomas de Berlanga in
1535 (Shuster 1983; Latorre 2011). Three species of marine mammals were heavily
exploited, mainly by British and North American whalers aedlers, for almost 80 years

(1788 1864, Latorre 2011): sperm whaléthf/seter macrocephalydur seals

(Arctocephalus galapagoengsisind Galapagos sea lio&a(ophus wollebaeki The first

studies of the magnitude and ecological impact of this ingluatre conducted by Townsend
(1925, 1935), who evaluated the depletion of sperm whales and Galapagos giant tortoises, an
endemic species, by whalers and sealers. His work could be considered the first fishery
science in the archipelago. Similar studiesenmublished in the 1980s and 1990s (Shuster

1983; Epler 1987; Whitehead et al. 1997). It took several decades after the studies of
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Townsend (1925, 1935) to consolidate fishery science in thegpégbs Islands (see Table
2.1).

Table 2.1 Historical milestons in fisheries research and management in the Galapagos Islands
from 1535 to 2012.

Year Historical milestone

1535 Discovery of the archipelago by Fray Tomas de Berlanga

1788 Beginning of the whaling industry

1832 Integration of Galapagos to tRepublic of Ecuador by General José Villamil
1835 Expedition of Charles Darwin across the archipelago aboard of H.M.S. Beagle
1864 Ending of the whaling industry

1925 First fishery study conducted by Towsend (1925); unsuccessful attempt to estdist
canning industry by Norwegian settlers

1930 Commercial exploitation of tuna by foreign industrial fishing fleets; coastal fisheries b
settlers start as an occasional activity

1940Expansion of the finfishlfansmaeny (| ocece
1959 Creation of the Charles Darwin Foundation (CDF) and Galapagos National Park (GN

1960 Establishment of the Charles Darwin Research Station in Puerto Ayora, Gal
Foundation of the National Fisheries Institute of Ecuador (IN&ymercial exploitation
the spiny lobster fishery initiated

1964 Ecuadorian government and CDF signs collaboration agreement; first compre
description of Galapagos fisheries by Quiroga and Orbes (1964)

1968 Foundation of the Galapagos NatioRalrk Service

1970 An Ecuadorian industrial fishing fleet initiates commercial exploitation of tuna
1975 First study about the Galapagos marine coastal ecosystems by Wellington (1975)
1976 INP and CDF initiated a locdlased marine research program asidrgific unit

1983 First stock assessment of the spiny lobster and Galapagos grouper fisheries
1986 Establishment of the Galapagos Marine Resources Reserve

1989 Prohibition of capture and marketing of sharks: establishment of the first zoning Sy
ministerial decree

1992 Management plan for the Galapagos Marine Resources Reserve; illegal beginning ¢
cucumber fishery

1993 Inclusion of social sciences in the assessment of the-soadd fishing sector

1994 Sea cucumber experimentalfisg season

1995 Precautionary closure of the sea cucumber fishery

1996 Participatory Fisheries Monitoring and Research Program (PIMPP)

1998 Galapagos Special Law; Galapagos Marine Reserve (GMR); adoption ehanagemel
and common property regimexclusion of industrial fishing; first annual fishing calenda

1999 Management plan of the GMR; official opening of the sea cucumber fishery; annual
calendar

2000 Approval of marine zoning arrangement; creation of an ecological subtidal mog
program; annual fishing calendar
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Year Historical milestone
2001 Annual fishing calendar

2002 Fishing calendar (2002006); moratorium on the allocation of new fishing licenses
permits

2003 Fishing regulations

2005 Official recognition of the failure of theeo-management system by the Participe
Management Board and the Iniastitutional Management Authority; prohibition of lotige
fishing; approval of recreational fishing; recognition of Galapagos as a -scoialgica
system in the GNP managemerdrmpl

2006 First official closure of the sea cucumber fishery since official opening; pf
i mpl ementation of the GMR6s coast al me

2007 Closure of the fishery observers program; annual fishing calendar; opening of
cucumber fishery

200 Approval of a new fisheries management plan (i.e., Capitulo Pesca); closure of
cucumber fishery

2010 Closure of the sea cucumber fishery

2012 Official beginning of the Galapagos marine and terrestrial management plans int
processglosure of the sea cucumber fishery

The development of biological sciences (including fishery science) is closely related to the
establishment of the Charles Darwin Research Station (CDRS) at Santa Cruz Island, in 1960.
The CDRS represented the filgtalbased biological research station in Galapagos,

conceived to assist the Ecuadorian government in the task of conservation (Kasteleijn 1987).
The CDRS acts as the operating arm of the Charles Darwin Foundation for the Galapagos
Islands (CDF). The lagt is an independent, international, and nongovernmental organization,
established under Belgian law on 23 July 1959 (Smith 1990). In the same year, the
Ecuadorian government created the Galapagos National Park, which provided legal

protection to all uninébited areas dhe archipelago.

A collaboration agreement was signed between the Minister for External Affairs of Ecuador
(Armando Pesantes Gda) and the first president of the CDF (Victor van Straelen) on 14
February 19640 define the terms on whidhe CDF could own and operate the CDRS and
promote cons®ation and scientific invegjation in the Galapagos for 25 years (Smith 1990).
This agreement has been renewed for successrearsperiods since 1991. The current
agreement is valid until 2016. Uiy, CDF has played a leading role as scientific adviser of the

Ecuadorian government in relation to Galapagos conservation since the 1960s.
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For eight years (1960968), the Galapagos National Park existed solely as a legal
framework. In practice, the Ecuaiian government lacked the necessary infrastructure,
technical capacity, and funding to manage protected areas of the archipelago (Ospina 2006;
Chap. 7). For this reason, it entrusts CDF with the execution of Galapagos biodiversity
inventory and conseniah activities. This situation changed through the creation of the
Galapagos National Park Service (GNPS) in 1968, which received fodingibility to

manage the park.

The GNPS and CDF collaborated in a sustained and prolific manner on five priceayctes

and conservation issues since inception (Smith 1990) (1) providing logistic and technical
support to visiting scientists, who have conducted most of the scientific research in
Galapagos; (2) increasing knowledge about the taxonomy, distributioabandance of
Galapagos flora and fauna, particularly terrestrial endemic species, such as giant tortoises; (3)
developing a tortoise preservation program through the establishment ohg ceanter in

Santa Cruz Island; (€radicating introduced and iasive specieand controlling their

spread opristine areas; and (5) developing an educational program to build technical and
scientific capacity, as well as to create public environmental awareness about the importance
of conserving the flora and faura.practice, most of these activities still remain as the main

priorities of both institutions.

The development of fishery science was not considered an immediate priority for the GNPS
and CDF, although some scientists envisioned the importance of mese@srch and
conservation, such as David Snow, third director of the CDF {11%&3}), and lan

Grimwood, an expert on national park management. According to Smith (1990), there was a
perception, at the beginning of the 1960s, that Galapagos marine ecesystienelatively
undisturbed and did not require as immediate conservation actions as their terrestrial
counterparts, so little local research was done to explore the underwater resources of the
archipelago. In fact, as the Galapagos National Park leckearine protected area at that

time, the GNPS only had legal jurisdiction and management responsibility over the terrestrial
protected area. Consequently, neither the GNPS nor the CDF had available funding for the

development of a locdlased marine resesh program.
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Research and management priorities of both institutions changed as a result of the work of
Gerard M. Wellington, a US Peace Corps volunteer who was assigned to the CDF and GNPS
to develop a proposal for a marine reserve in the Galapagosald®ark. His study of

Galapagos marine coastal ecosystems showed that a large proportion of marine endemic
species were distributed across different types of highly diverse and complex habitats
(Wellington 1975). He also highlighted the complex and feagglationship between marine

and terrestrial ecosystems. His findings and recommendations were adskessfor the

creation of the Galapagos Marine ResourcegiRedn 1986 (Kasteleijn 1987).

Fishery science began formally at the Galapagos Islanttie imiddle 1960s, with the work
conducted by the National Fisheries Institute of Ecuador (INP, Spanish acronym). The first
comprehensive desctipn of the structure and futiening of the Galapagos fishing sector

was done by Quiroga and Orbes (1964)ey provided estimates of the number of fishers,
vessels, and fishing gears per island, as well as total production per fishery (including the
tuna fishery carried out by foreign vessels), unit price per product, and local consumption and
export levels. Hahuis and Loesch (1967) provided complete taxonomicrgesns of the

three lobstespeciesexploited in Galapagos: redPdnulirus penicillatus green P.

gracilis), and slipper$cyllarides astojilobsters, including information about théshery.

One of the most prolific periods of fishery science in the archipelagchedate 1970s and
early 1980s: hanks to the economic bonanza produced in Ecuador by high oil prices in the
1970s, the financial contuition of the Ecuadorian govenentto the INP and CDF

increased. In 1976, the INP initiated a lebaked marine research program and scientific unit
in collaboration with CDF (Kasteleijn 1987). The University of Guayaquil joined in 1977.
This was the first interinstitutional local fisheagsearch group in Galapagos. The main
objective of this program was to coordinate research efforts and funding tatevihle
distribution and abuttance of Galapagos fishery resources, as wetieapdpulation

dynamics of greesea turtle populations (Rle 1979). The CDF created its own Department

of Marine Biology and Oceanagphy in 1979 (Kasteleijn 1987).
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Several scientific papers, theses, and technical reports were produced, mandgony
lobster (Barraga 1975; Reck 1983, 1984) ance tibalapagos groupéviycteroperca
offax, | ocal |l y k n o wstockarsd Miashuera 29B4a Rayirg¢z 19848 1987,
Coello 1986; Granda 1990; Coello and Grimm 1993). These studies described a range of
biological, technological, and/or economic aspet Galapagos fisheries.

The most relevant study published in the 1980s was by Reck (1983). He conducted the first
stock assessment of the spiny lobster and Galapagos grouper fisheries, including an
evaluation of the spatial distribution of yields, catdmpgition, and fishing effort. He also
performed a qudhtive assessment of socioeaco mi ¢ aspects that affect
providing valuable insights about the basic social and economic linkages of the local small
scale fishing sector with othelements of the human system, such as tourism. Therefore, it
could be considered the first spatially explicit and integrated fishery assessment in the
archipelago. Unfortunately, this advance was interrupted in the early 1980s as governmental
funding begn to gradually decline because of the international oil price drop. INP suspended
the periodic collection of fisheselated data by fishery inspectors at the main ports of
Galapagos, which produced a discontinuity in the baseline assessment and ongoing
monitoring of the spiny lobster (1982993) and finfish fisheries (991 1996) (see Castrajd
2011).

At the end of the 1980s, the expansion of the spiny lobster fishery and the growing Asian
market for shark fins increased public pressure on the Miniétndastries and Fisheries to

adopt conservation and management measures. In the absence of a management plan, a
ministerial agreement was published in 1989 (Decreto Ejecutivo 151, published in the

Official Register No. 191) in order to (pjohibit the cature and marketing of sharks; (2)

prohibit nocturnal and spear fisheries; and (3) establish a zoning scheme, which limited

i ndustri al fishing to an area between 5 and
imaginary line joining the outer islandstbe archipelago)in 1992, the management plan for

the Galapagos Marine Resources Reserve was approved 6 years after its creation (Decreto
Ejecutivo No. 3573, published in the Official Register No. 994). This plan established a new
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zoning scheme angbvernance framework, but neither ofgheavas implemented

2.5 Advance s offisherys cience in the Galapagos from 1992 to

2013

Fishery science in the archipelago increased in relevance at the end of the 1990s as a result of
two events: the illegal exttdon of sea cucumbers and the creation of the Galapagos Marine
Reserve (see TabRl). Both events encouraged the CDF and the GNPS to expand their

locally based marine research and management programs. This section explahmsskow

and other events ke influenced the development of fishery science from 1992 to 2013 and
describes the most relevant studies produced during this period.

2.5.1 The influence of the sea cucumber f ishery (1992 1 1998)

The collapse of the sea cucumber fishésggtichopuguscus along the Ecuadorian
continental coastline in 1%hdBerkaset@dlu2008d a Ar o
sequential depletion of this species in the Galapagos Islands since 1992 by mobile agents,
notably Asian middlemen togetheitivfishers (and nofishers)from coastal provinces

of mainland Ecuador Céstrejon 2011; Castrej@nd Charles 2013). This event attracted
massive governmental, scientific, and public attention, particularly from nongovernmental
organizationgNGOs) and international development agencies. These organizations tried to
avoid the spread of invasive species (e.g., fruits, insects) to pristine areas of the archipelago
by poachers, who usually established illegal fishing camps in the protectedCdtess.

important concerns were (1) the ecological extinctioh fafscusdue to  the open access

nature of the fishery and the high unit prices that stimulated overcapitalization of the small
scale fishing sector, (2) the ecological impact produceddystnial fishing, and (3) the
exponential growth of tourism and immigration (Macfarland and Cifuentes 1996).

The increasing social conflicts and ecological degradation caused by th@dtian of
socicenvironmental problems led to the declaratiorhef Galapagos Special Law (GSL),

which included the creation of the Galapagos Marine Reserve (GMR) in March 1998. Both
measures represented an important step forward to tackle in an integrated way the complex

socicenvironmental problemiaced by the archglago (Gonzélez et al. 2008; Castregnd
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Charles 2013) and were associated with increased external funding directed to conservation
and sustainable develm@nt initiatives, which peaked in 2003 (Ospina 2006). These events
influenced the development osFery science in the archipelagovbeen 1992 and 1998, as

follows:

1. The boomandbust exploitation cycle df fuscuswvas the almost exclusive focus of
local fishery management authorities and NGOs for 14 years, until the economic
collapse of the sea cuaiber fishery in 2006. Between 1992 and 1996, most research
efforts focused on evaluating biologicaldaecological impacts producég the
illegal expansion of the sea cucumber fishery (Aguwetaal. 1993; Richmond and
Martinez 1993; Bermeo 199Be Paco et al. 1995), as well as its reproductive
biology (ToraGranda 1996).

Based on the findings and recommendations produced by a fishery observer program
created by the INP (1994998), precautionary management measures were
implemented, includingraexperimental fishing seas@@ctobei December 1994)

and a total fishery osure (19951999). The enforaaent of both measures generated
several conflicts between fishers, managers, and NGOs, which escalated severely at
the middle of the 1990s through lgat protest and strikes (Macfarland and Cifuentes
1996).

2. Social environmental conflicts caused by the sea cucumber fishery encouraged the
inclusion of social sciences, particularly in the assessment of thesral|fishing
sector (Ospina 2007). Soamgjical studies conducted between 1993 and 1997 focused
on two main interrelated issu€g) the conflicts and socioemomic impacts produced
by the sea cucumber fishery (Andrade 1995; Barona and Andrade 1996; Macfarland
and Cifuentes 1996; De Miras et 8096) andb) the relationship between the
exponential and unregulated growth of fishing and tourism activity and the increasing
number of immigrants from mainland Ecuador (Grenier 1996). The most influential
social analyses of the 1990s were conducte@ieynier (1996) and Macdonald

(1997), who provided useful insights about the impact of globalization on the
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socioeconomic dynamic of Galapagos human populations and identified the conflicts
associated with the tegjown management and open access reginéalapagos

fisheries. In pdrcular, Macdonald (1997) provided recommatidns for the design

and adopon of commonrproperty and cananagement regimes within the GMR. The
latter was operationalized by two nested denisiaking bodiesThe Participdory
Management Board (PMB) and the Interinstitutional Manage¢rmathoity (IMA).

3. In 1996, the exponential growth of the fishing sector produced by the illegal
expansion of the sea cucumber fishery encouraged CDF to create the Galapagos
Fishery Monitoring Progra, currently knowras Participatory Fisheries Miboring
and Research Program (PIMPP, Spanish acronym) in close collaboration with the
GNPS, the Undersecretary of Fishing of Ecuador, and the local fishing sector
(Bustamante 1998). The PIMPP was initialhpesored by the David and Lucile
Packard Foundation and later by thated States Agency for Intertianal
Development (USAID). PIMPP represedtthe beginning of the systatit collection
of fisherydependent data on a daily basis in the three main &gdagports (Puerto
Ayora, Baquerizo Moreno, drillamil). This montoring program, which included
fishery observers (1992006), produced from 1997 to 2006 an extensive and
spatially explicit database, particularly for the sea cucumber, spiny lobstémfzsid

fisheries.

2.5.2 Co-management of the GMR (1998 T 2013)

After formal declaration of the GMR, the GNPS assumed full responsibility for the

management of the marine protected area. Consequently, the Undersecretary of Fishing of
Ecuador ceded itmanagement responsibility, although it is still represented within the
Interinstitutional Managenm Authority (IMA). This insttutional change led the GNPS to

create its own Marine ésources Department, currertlyown a s AProceso de
Conservacida y Us o de Ecosi st emas Marinoso (PCUEM

collaborative framework with the CDF, particularly through the enhancement of the PIMPP.
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Between 1998 and 2006, the PCUEM focused its management eff@&amme and Ospina

1999; Anhimo 20 00, 2001, 2002) (1) participatory de
framework, including the GMR management plan, fishing registry, fishing rules, coastal

marine zoning, and fishing calendars; (2) management of the sea cucumber and spiny lobster
fisheries; ad (3) preventing illegal harvesting of tuna and sharks by national and foreign

industrial fleets. The CDF assumed a leading role in coordinating and executing the PIMPP

and, in the development of fishery science, strengthening its role as scientigclanidal

adviser of the GNPS and-toanagement bodies.

The information generated by the PIMPP led to the second prolific research period in the
archipelago, which lasted from 1998 to 2007. In this period, substantial external funding was
provided by bilagral and multilateral organizations, mainly by the t#ienerican

Development Bank (IDB USAID, and the Spanish Agency for International Development
Cooperation. Between 2002 and 2006, these organizations spent more than US$10.8 M to

foster conservationnal sustainable developntanitiatives in the GMR (Gonéz and Tapia

2005; BID 2006; Ospina 2006; WWBSAID 2006). Most of this funding was directed to (1)
support the PMB in facilitating | ocal stakeh
includingthe design of a monitoring system; (2) enhance the PIMPP and fishery
management; (3) develop participatory planni
marine zoning and the development of a lbergn ecological subtidal monitoring program;
4)strenghen GNPS6s monitoring, control, and suryv
alternative livelihood activities for the local smatiale fishing sector in order to compensate

them for the shofterm impacts of marine zoning. Unfortunately, many of these tiniis

failed once the external agencies and NGOs left these projects in the hands of local

institutions and stakeholders, without effective exit strategies to sustain the necessary local
capacity building, londerm governmental funding, institutional memoand/or sustained

interest of beneficiaries.

An additional key factor of failure was the political and management instability observed in

Ecuador between 1996 and 2006, which was reflected in the absence of a provincial science
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and technology plan fdhe archipelago (a problem thazgrsisty. Consequently, Galapagos
management and research priorities changed constantly according to personal interests of
management authorities and external donorsbo
human resurces available for conservation and sustainable development initiatives was

made, in many cases, in an uncoordinated way without clear guglelicen t he fAshar ed
Vi si on ez 206 AszirBe went by, this problem created a disconnection between the
priorities of the GNPS and external donors, such as bilateral and multilateral organizations

and NGOs.

While CDF researchers participated in several of the activities described above, particularly
on (1), (2), and (3), their research efforts were mdsttysed on the biological baseline
assessment and monitoring of fishery resources, particularly sea cucumber and spiny lobster
from 1997 to 2006. During this period, seveeahnical reports were published by CDF in
collaboration with GNPS (e.g., Hearndahoral 2006), including reports of a lobster tagging
program(Hearn 2004) and participatory sea cucumber surveys Gagtrejoret al. 2005;
ToralGranda 2005a). All these studies were usatie@lsasis for decisiomaking.

An interinstitutional projecled by CDF and GNPS to evaluate the ecological impact

produced of londine fishing (Murillo et al. 2004) deserves a special mention. The findings

and recommendations of this and other similar studies (Garcia 2005; Tejada 2006)

represented one of the ni@®ntroversial management issues between 2002 and 2005. The

conflicts associated with this fishing gear were finally resolved by IMA in 2005 through the
prohibition of longline fishing inside the GMR and the authorization of an alternative

livelihoodact vi ty for the |l ocal fishing sector, nar

(known in English as fArecreational fishingo;

The studies conducted by the CDF have been important to consolidate the develdpment o
fishery science in the archipelago. Nevertheless, the contribution of CDF to mainstream
fishery science has been historically low, as a result of its applied focudN&aand

biased to the evaluation of the reproductive biology and stock assessifismsyf

resources. For example, just 5 % of the 286rs reviewed papers published by Cbased
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scientists between 2005 and1a was fishery related (Table2®. Most fisheryrelated studies
conducted by the CDF ar e dilareptesentdthetmbst fgr ey |
important source of knowledge about the origin and development of fishing in the Galapagos

Islands.

Table 2.2 Scientific production of the Charles Darwin Foundation from 2005 to 2011. FR=
Fisheryrelated. Note: only peeeviewed papers, technical reports, theses, and other
documents about the Galapagos Islands produced by CDF’s scientific staf2(@00%and
adjuncts researchers (20Q@11) are included. Source: CDF annual reports (2003).

Peer review Technical reports,
Year (ISI Journals) thesis and others Total
Non-FR FR Non-FR FR
2005 11 1 15 6 33
2006 7 1 31 7 46
2007 12 3 62 8 85
2008 24 2 47 4 77
2009 35 0 71 6 112
2010 19 0 36 3 58
2011 15 0 19 0 34
Total 123 7 281 34 445

At the international level, the joint contribution of CDF and other local and international

institutions (e.g., universities, research centers, NGOs, etc.) te straiam fishery science is

similarly quite limited. A total of 1,392 Galapagosated peereviewed papers, indexed in

the Journal of Citation Report (JCR), were published between 1535 and 2007 (Santander et

al. 2009). Most of them are classified as pa
classified as parteof)iisaccategorgntead (b3l
area of knowledge. This category represents the higher percentage within social sciences
(29.3 %), followed by fAhistoryo (22.4 %) and
socioeconomic fisheryelated peersreviewed papers were published in a period of 472 years.
Santander et al. (2009) did not include a ca
so that natural science work in fishenies

bi ol ogy, 0o or fAnevolutionary ecology, 0 which r
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Galapagoselated peereviewed publications. However, based on our experience, the
number of peerreviewed papers about the biology and population dynamics of tine ma
Galapagos fishery resourcésf(iscus M. olfax P. penicillatus andP. gracilis) is quite

limited.

Most CDF fisheryrelated studies have evatad the management and/or plaion

dynamics ofl. fuscusg(Shepherd et al. 2004; Hearn et al. 2005; F@anda 2005b; Toral

Granda and Mamiez 2007; Wolff et al. 2012blp. penicillatugHearn and ToraGranda

2007; Hearn and Murillo 2008), ai®l astori(Hearn 2006). Very few interdisciplinary

studies were done between 1997 and 2007, notiewf directlyby CDF researchers. Two
examplesare the work of Taylor et al. (2007), who conducted a quantitative analysis about
the economic links between tourism, fishing, and immigration, and the study of Conrad et al.
(2006), who conducted a bioeconorartalysis to evaluate the trad#fs associated with
alternative management approaches for the sea cucumber and lobster fisheries. Both studies
are interdisciplinary fishery assessnts whose findings and recorandations could be

relevant to decisicmaking

Since 2007, fishery research has focused on
(Baine et al. 2007; Heylingand Bravo 2007; Viteri and Chéz 2007; Hearn 21B; Defeo et

al. 2009; Castrej®2011; Jones 2013), the ecological impdct ofi Ed 0 Ndimfede change

on fisheries and marine ecosystems (Larrea and Di Carlo 2009; Edgar et al. 2010; Wolff et al.
2012a; Defeo et al. 2013), and the spatial dynamics of fishery resources and the fishing flee
(Pefiaherrera 2007; Castmnejp011; Bucaram et &013) in order to measure and model the
applicability of spatially explicit management measures (ggitorial use rights for fishing

seasonal closures, spatial gear restrictions spatial gear restrictions, etc.), as recommended by
Defeo et al. (@09),Castrejon (2011Ramtez et al. (2012a) and Castrgjand Charles

(2013).

Nevertheless, in the most recent years, the GNPS and NGOs have moved their funding and
research efforts forward to (1) evaluate the management effectiveness of the GivtiRnan

marine zoningHockings et al. 2012; Castrei@nd Charles 2013); (2) improve the
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management and marketing systenthef spiny lobster fishery (Rameg et al. 2012a); (3)

improve the assessment and management of Galapagos grouper andAgahtdoafybium

solandri), taking as basis the studies conducted by von Gagern (2009) and Jobstvogt (2010);
and (4) adapt and integrate the GNPSO®6 marine

progress.

2.5.3 Limitations to the progress of fishery s cience (199 81 2013)

The development of fishery science was gradually limited by the inclusion of the CDF into

the Participatory Management Board (PMB), as a representative of the Conservation, Science
and Education Sector (1998008). The dual role played by the CB$ scientific advisor and
conservationadwat e (i . e. , tAg ruda)g eb deparatiodEivedsHtenae

and managemeniCéstrej6r2011; Orensanz et al. 2013). The conservation advocacy role
played by the CDF had several implications (1¢stists were required to allocate less time

for fishery research and more time to participate in highly politicized management meetings,
(2) conflicts emerged in the PMB when some s
advocacy, and (3) advice pided to the PMB gradually lost legitimacy and credibility

because some recommendations provided by CDF scientists were seen as biased and not
based on sound scientitowledge (Beriyami 2001; Ramez 2007;Castrejor2011).

Also, C D F éceentific rolein objective data gathering during fishery monitoring was not

ceka | y separ at e dtiohto controlGMiRPSOlanding sizes(Reck, pers. obs.).

The situation described above affected negatively the relationship of the CDF with the fishing
sector and especially with the GNPS. The relationships between both institutions worsened as
some CDF scientists came to be seen as preoccupied with their institutional image, as well as
in some cases showing condescension and even outright arrogangdPtiirmanagement
meetings (Raméz 2007; Gibbs 2008). In response, the G8IRS it acquired more

experience, infrastructure, and technical and scientific capagitgdually has tried to

become more independent of the advice provided by the CDF. A competitivenment for
funding and leadership emerged between GNPS and CDF, which has &rdlcaire

relationship over time.
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In 2007, the management attention (and funding) that fist@laded programs and projects
had been receiving from management auttesiind NGOs decreasduataptly for three

main reasons:

1. The sea cucumber fishery was informally d
Aficonservationi stsodo who considered its eco
weaken t he f i s hpowegandte aimimare 6ngoing cohflicts over a |
management of this fishery. Paradoxically, the economic collagséustusin 2006
led to a severe reduction of research directed toward its recéweopposite trend
has been observed inher Latin Amercan countriessuch as Chile and Uruguay,
where a fishery collapse was seen as an opportunity to promote institutional and
operational tools for stock rebuilding, such as the implementatienribvdrial use

rights for fishing(TURFs) and cananagement regimes (Defeo et al. 2009).

2. The CDF lacked external funding (and interest) to continue coordinating and
executing the PIMPP, which resulted in the closure of the fishery observer program
by the end of 2006. In 2007, the PCUEbdbK full responsibility othe PIMPP. This
change produced a discontityun the ongoing fishery matoring, the
representativeness of the data collected, and the productiahoida reports
(Ramfez et al. 2012b).

3. Exponential and unregulated grovwthtourism was recognized as the main
sogoeconomic driver affectin@alapagos conservation (Epler 2007; Watkins and
Cruz 2007). Thus, CDFO6s executives | ost i
research and monitoring program and changed consamefforts toward
comparatively |l ess conflictive i1issues (to
species (shark conservati omjsingeffots, s change
whose total budget had declined since 2004 (CDF 2006a). Nevertheless, e num
of CDF6s fishery scientists was reduced f

the scientific production in fishery science has beegatively affected (Table2).
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Only a few fishery research projects are currently conducted by the CDF,fmost o
them biased toward the biology and ecology of the Galapagos grouper. In this
scenario, other international NGOs (e.g., WWF and Conservation International) and
the University of San Francisco de Quito have increased their participation in the
developmenbof fishery sciencén the archipelago, acquirirggrowing impornce as

scientific advisors othe GNPS.

2.6 The transition from a resource -focused toasocial 1

ecological systems approach: a work in p rogress

The transition from a resourdecused to alBES approach in the archipelago officially

initiated in 1998 with the declaration of the Galapagos Special Law (GSL), which legitimized

the adoption of a egmanagement regime in the GMR. Such an approach is seen as a key
component within a sociaécologi@a | f r amewor k ( Ber keiscol@@al 1) . Trh
systemso appeared first in the research |ite
that time, the conceptual and methodological framework for an SES approach was naturally

poorly known ad still in development. It was likely for this reason that this innovative

management approach was not adopted explicitly either in the GSL or in the management

plan of the GMR. Nevertheless, establishment o-fmeon age ment r egi me hel p

w a y ar thd gradual adoption of an SES approach.

The legitimation of local stakeholders asmanagers of the GMR created a process within
which fishers could indicate their aspirations, needs, and concerns in the PMB and IMA and
within which it became cleahat attention to both the people and the natural system is
important for the conservation of the archipelago. A better sense of the complexity of the
socicenvironmental problems facing the management of the main Galapagos shellfisheries

arose from this.

Differing perspectives, particularly about the status and management of the sea cucumber
fishery, created serious conflicts between fishers, managers, scientists, and conservationists
from 1994 to 2005. Gmmanagement of the sea cucumber fishery did nat ageeconomic

collapse in 2006. However, the subsequent debate over the causes of this major failure, within

and beyond the limits of the PMB and IMA, contributed to prioritizing adoption of an SES
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approach in the GMR, which thus emerged inabottpma y t hr ough a nAl ear ni
process, as will be explained below.

The middle of the 2000s was a period characterized by a general questioning of the
usefulness of the resourcer i ent ed approach adopted by CDFO:
means to resee the main soci@nvironmental problems of Galapagos Islands, including
shellfishery overexploitation. This issue was one of the main topics discussed in the first
international scientific colloquium of social science held at Quito and Santa Cruzitsland
August 2006 (Ospina and Falc@ti07). Based on the results of this colloquium and taking

into consideration the studies of Watkins andZ2(2007), Gibbs (2008), Gorlea et al.

(2008), Taia et al. (2009), and Castrgj¢2011), some key conclusiocan be drawn (1)

science in Galapagos is biased toward research and management of charismatic threatened
and endangered species and aggressive invasive species bueeigduds concerning the
govenance of urban and rural areas; (2) research projeetdaped by NGOs are not

responding to the management needs of the GNPS, but to the interests of external donors; (3)
there are no truly interdisciplinary research teams in Galapagos, with biological and social
scientists working separatelid) an SES appach is necesry to achieve an integrated
understanding of the economic, social, cultural, institutional, and ecological drivers of change
that are affecting the complex dynamics of the Galapagos Islands, in particular of
globalization and the exponigal and unregulated growth of tourism. Such knowledge is
fundamental to evaluate alternative management scenarios; (5) a new institutional approach is
needed to build resilience and capacity building to cope with constant and unexpected
changes; and (6) effeve communication, coordination, and participatory methods must be
adopted to redefine priority research areas and to develop a science and technology plan for

Galapagos.

Public recognition of the six points described above has facilitated the trarisono a
resourcefocused to an SES approach, not only in the assessment and management of
Galapagos fisheries but for all the human activities in Galapagos as a whole. This process is
still in progress, with important management actions having beentmkemplete the

change. In terrestrial areas, the transition was legitimized with the approval of the Galapagos
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National Park management plan in May 2005. This plan adopted explicitly a conceptual and

methodological SES framework to assess and managedfeetedareas of the archipelago

(Gonzdez et al. 2008). This was the first time that the GNPS conceptualized the archipelago

as an SES. At the time of writing, the GNPS is working on the adaption and integration of the

Galapagos marine and terrestrialmagement plans. The main objective of this social
ecological management planadknvn as #Apl an de manej o pages
para el buen viviro (management plan of
is encompassing both tinearine and terrestrial protected areas, as well as additional
(inhabited) areas, in order to manage thera esmplex adaptive system (José A. Géerza

pers. comm.).

The transition fromaresoudeo cused t o an SES approach
paricipatory internal process to redefine its institutional mission and vision through the
creation of its strategic plan 200016 (CDF 2006b). In the fishery area, the transition
process acquired a new impetus in 2006 with the participatory developmédighaina

management plan (see Castre11).

2.6.1 Participatory development of a new fishery management p lan

The f ail ur e -rnanagenterd syssavhRotassure tbe biological and economic
sustainability of the main Galapagos shellfisherieswesgnized by PMB and IMA

members in 2005; these bodi es -namgemenst e d

| as 8§

t he

cont i

an e

scheme and the design and adoption of a new management approach. One year later, the first

official closure of the sea cucumber fishery was implestwm socialecological systems
approach was suggested by Defeo (2007je®et al. (2009), and Castraj¢2011) to

identify the biological, soctoeconomic, scientific, and legal problems associated with the

poor performance of this emanagement regim&lost recommendations produced by these

studies were used by a PMB technical commission to develop a draft fishery management

plan (FMP). After 3 years of participatory work, the PMB and IMA unanimously apgrove

the FMP (locall gy e dduaeg d0pdi(see s/

galapagospark.org/documentos/capitulo_pesca_reserva_marina_galapagos.pdf).
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The FMP (previously known as fishing calendar) was the first plan unanimously approved by

all fishing sector representatives since 1999. The most iamgarinovation of the FMP was

the participatory definition of strategic planning, which defined an action plan to reach a
Ashared vision. o The FMP strategic planning
management and research priorities to NGOs, ilaigltal organizations, and potential

donors. For example, the WAGal| apagos Program used the FMPO
input to review and adapt its own sustainable fishery strategy for thé 20X Galapagos

Program. The FMP also included for ttrst-time specific management objectives for each

fishery, as well as practical and straightforward mechanisms to review and adapt the FMP

and to define research priorities in a participatory way. It also incorporated target and limit
reference pointsusin a pr ecauti onar y semsuGaddy 2002 forthéesgdnt 0 ap
cucumber fishery. Thenaual independent survey plan tbrs species was revised and

redesigned to provide accurate estimates of stock size and the corresponding total allowable

catch (Wolff et al. 2012b). The decision rule agreed upon for the sea cucumber fishery

contributed to reducing the conflicts associated with its management (Orensanz et al. 2013).
Application of this management approach has led to the fishery being closéidies!

(2009, 2010, 2012, and 2013) as required.

2.6.2 Transition ¢ hallenges

Implementation of cananagement and ecosystéaised spatial management approaches
represents important steps forward to tackle the complex-soironmental and

institutional problems that led to overexploitation of the sea cucumber amgllspster
fisheries (Castrejpand Charles 2013). Nevertheless, effectiveness of these approaches in
assuring the sustainability of Galapagos SSF was limited by several socioeconomic and
institutional factors, being one of the most important lack of-kengp strategic planning and
practical mechanisms for precautionary and adaptive management (seeeDaif 2009;
Castrejd 2011). The FMP was created to resolve this problem and tibaficthe adoption

of an SES approach. Nevertheless, its full implementation is being precluded by the
continuing dominance of the resoufoeused approach within the structure and function of
PCUEM and CDFo6s fishery r es enaakesthesapnogranmmoni t or
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inadequate to deal properly with the so@ablogical assessent and cananagement of SSF
in the archipelago.

In 2012, the GNPSO6 internal administrative
management authorities to increats effectiveness. Howevet time of writing this

chapter, the PCUEM still lacks of the expertise and funding needed to conduct the
interdisciplinary and participatory research required to manage SSF. It also lacks the skills
and resources needed to praenthe effective adoption of a-tpanagement approach and the

implementation of the FMP, such as mediation, facilitation, and strategic planning.

On the other hand, despite several attempts by CDF since 2007 to restructure its marine and
terrestrial resgah programs, based on the priorities defined in its strategic plafi 2006,

its fishery research program remains focused on bioecological aspects and conventional stock
assessment. As a result, there is an inadequate, outdated, and in some casésnhonexis
information based on the local socioeconomic, cultural, and institutional issues that affect

SSF management the Galapagos Islands (Castregnd Charles 2013). There is also a poor
understanding about the drivers of change, such as globalizatiatiraate variability (e.g.,

El Nifio), that are affecting the dynamics of fisheries. In the same way, few studies have been
conducted to evaluate the socioeconomic linkages of fishing with other elements of the

human system, such as tourism. Thereforegritbe said that the innovation that took place in

fishery management since 1998 outpaced the innovation in fishery research.

2.6.3 Building institutional resilience

There is no doubt about the significant role that CDF has played in the development of
science and capacity building in Galapagos
valuable efforts to accomplish its mission, greater and more reliable funding and scientific
capacity, as well as infrastructure and equipment, are required to Eegowing

requirements of local authorities and stakeholders for $ecialogical research in fishery,

marine, and terrestrial sciences.
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A new institutional approach is needed to evaluate and manage the Galapagos Islands as an
SES. This is crucial to arease the resilience and adaptive capacity of institutions to deal
with potential impacts of globalization and climate change (Watkins and Cruz 2007,
Gonza’lez et al. 2008; Defeo et al. 2009, 20A3)the CDF has played a leading role in the
developmenbof fishery science, as well as marine and terrestrial sciences in general, it is
important to evaluate how this institution can enhance its institutional resilience in order to
promote the adoption of an SES approach in the archipelago. Such analysetyis ti
considering that the collaboration agreement between the Ecuadorian government and the
CDF will end in 2016, and it is uncertain if it will be renewed, modified, or cancelled.
Therefore, this analysis can be used as input in the current debat¢habrauses of the
institutional crisis faced by CDF and its future role as scientific advisor of the Ecuadorian

government.

Three main problems have precluded the consolidation of the CDF as a research institution

(1) the dual role played by the CDF aghbscientific advisor and consetion advocate, (2)

the lack of an adequate and steady income (Smith 1990), and (3) the instability and low

resilience of its research pragns (Gibbs 2008). The ambiguawe played by the CDF has

affected its relationspiwith the GNPS (see previous sections); in combination with the

global economic crisis, this has reduced the political and economic support provided by the
Ecuadorian government and several multilater
income acreased 27 % from USD 4.24 M in 2007 to USD 3.06 M in 2011 (CDF 2008,

2012). Total investment on research, technical assistance, and information decreased 24 %

from USD 3.01 M to USD 2.28 M between 2007 and 2010 (no official data for 2011 and

2012). Sucta crisis has resulted in a large loss of institutional memory, reflected also in a
massive resignation and di smissal of scient.i
scientific staff decreased 19 % from 143 in 2005 to 115 in 2011 (CDF 2006a, 2012).

The chall enging economic environment, not ed
scientific staff (see Gibbs 2008) have negatively affected the stability and effectiveness of
research programs. The leadership and decmsiaking of these programs lie the hands of

a small number of senior researchers, so that when, inevitably, some of these individuals
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leave the CDF (usually without a proper knowledge transfer process), such programs enter
into a dysfunctional state. While CDF does then reassmgegirmanagement

responsibilities, this is oftet® newly hired researchers, which also limits the capability to
meet project objectives (Gibbs 2008). This is a recurrent problem that not only impoverishes

CDF O s i nmemory butegradesthe restince of research programs.

The precarious economic and organizational situation faced by the CDF is threatening its

very existence ( CDF 02 pr@vide knowledge addaBsistenceni s si o n
through scientific research and complementary actioensare the conservation of the
environment and biodi ver sadmaynowbe unshstaingdble.| ap ago
As an example, the production of pemviewed papers, technical reports, and theses by CDF
researchers have decreased since 2009, darticin relation to fishery science (Table 8.2).

In the latter, the scientific production was zero in 2011.

The decreasing tresdh funding, institutional memory (i.e., number of expert scientists), and
scientific product i omstitutiena resliengéntte lcapacitytoos s of C
manage continuity and change in order to adapt an institutional system while not changing it

so often that stakeholders lose their trust in the institutional setup (HerrRditde and

PahtWostl 2012). At some pot, the three indicators mentioned above may decline below

critical threshold values, leading potentially to institutional collapse. Precautionary

management measures are needed to avoid such an undesirable pathway.

The CDF has confronted several econoand institutionatrisessince its inception in 1959
(see Smith 1990). However, the history of the CDF itself suggests that the crisis that it is
currently facing would not be resolved in the long term sirbglgreating a new strategic

plan, acquiringexternal funding, and hiring more senior scientists. All these strategies have
been attempted several times in the past, and they have not been effective in building
institutional resilience. Therefore, instead of preserving the status quo, the CDBhmds

be used as an opportunity for learning, adapting, and entering onto more susizétiabbays
(Herrfahrdt Pa“hle and PalWostl 2012). To this endjtis advisable to envisianultiple

alternative scenarios and actions that might attain odaaniticular outcomes; thus, it will
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be possible to identify and choose resilieboéding policies before a threshold is exceeded
(Folke et al. 2002).

A scenario to consider is the transformation of the CDF into an interdisciplinary research

center. Thé would address the fundamental point, as evidenced throughout this chapter, that
most of CDFO6s institutional weaknesses are r
international NGO. This has had profound implications about how sciereing

corducted, advicg@rovided, and funding obtained.

The transformation of the CDF would need to be accompanied by a broadening of support,
within and beyond the limits of the CDF. In particular, significant additional resources from

the national government abdateral and multilateral organizations are required. The

Ecuadorian government, as any other state in the world, must assume responsibility and
leadership in the development of its science and technology. Fortunately, this has been
recognizedasastmgi ¢ goal within Ecuadori@8l7nati onal
(SENPLADES 2013). This repsents a window of opportunity that can be drawn upon to
transform the CDF into an interdisciplinary research center, which should have at least the

next fundamentdeatures:

1. The center must be governmental in order to receive an adequate and steady income
from the Ecuadorian government. This will require major changes in the legal
structure, organization, and administration of the CDF, as well as reforms in the

Galgpagos Special Law.

2. The center must be financially and admirastrely autonomous from govenmant
management institutions, particularhpiin the GNPS, in order to separate
management from science. Otherwise, scientific work could be controlled byadolitic
or personal agendas, which could limit or censor science, outreach, and critical
thinking, as sometimes haappened in Galapagos (Castregind Reck, pers. obs.).
As an example, the Canadian government has been recently accused of muzzling and

censorimg its scientists to the point that research cannot be published, even when there
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is collaboration with international researchers, unless it matches government policy
(Lavoie 2013).

. The structure and function of the Stockholm Resilience Centre in Sweld€n2@#?9)
and the research centers of the Mexican National Council for Science and Technology

(CONACYT, Spanish acronym) could be good examples to follow.

. Research priorities must be defined according to a Galayspgesic science and
technology plan thantegrates the FMP into it and is not reliant on external agendas,
as suggested by Tapia et al. (2009).

. An integrated conceptual framework for letegm socialecological research should

be adopted. Forpwlxaenpd yen a miheskdepéldpetiBy f r a mi
Collins et al. (2011) could lead to a more thorough understanding of Galapagos as an

SES.

. The center must create strong bridges with stakeholders and local institutions,
particularly with GNPS, municipalities, universities, and NGRssearch efforts
must be coordinated to create synergies and complementarity, while negative

competition among institutions must be avoided.

. Scientists within the center must focus on doing science and providing objective

feedback to local institutions drstakeholders while avoiding conservation advocacy.

In this sense, fiscience advice must meet
impartiality, and lack of bias. Acknowledging that science advisors are imperfect at

meeting those standards, they nonetigeleed to strive to produce sound,-non

partisan advice, because of the privileged accountability given to science advice in
decisionmaking. When science advisors cease to strive for those ideals and promote
advocacy science, such advice losestherghtt hat pri vi |l eged posit
p. 2007).
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8. A solid interdisciplinary research group at a high academic level mostly from Ecuador
must form the center (to the extent that the scientific capacity exists in the country).
Furthermore, to ensure comtiity in information and expertise and avoid loss of
institutional memory (Herrfahrea hle and PakWostl 2012), at least some CDF
staff should remain. The center also must include a-tgtity research school for
postgraduate capacity building.

9. Finaly, a strategic and lontgrm planbased approach must be adopted to mitigate the
high turnover rate persistently observed

is a key factor to increase the resilience of research programs.

Other scenarios can leavisioned, such as the creation of a new interdisciplinary public
research institution, with the CDF remaining as an international NGO. Nevertheless,
whichever the scenario selected, the goal recommended is accomplishing six crucial
objectives (1) enhaecthequality, relevance, and apgdibility of science conducted in the
archipelago; (2) encourage the leadership of Ecuador in the development of its own science
and technology; (3) define research priorities, funding, and scientific capacity retpaised,

on a Galapagespecific science and technology plan; (4) maintain the separation between
management and science; (5) avoid the total loss of institutional memory and expertise
developed by the CDF; and (6) adopt a new institutional approach to ertharresilience of
research programs and meet, in a-effgctive way, the growing requirements of sdcial

ecological research in fishery, marine, and terrestrial sciences in the Galapagos Islands.
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CHAPTER 3 . IMPROVING FISHERIES CO -MANAGEMENT THROUGH
ECOSYSTEM -BASED SPATIAL MANAGEMENT: THE GALAPAGOS
MARINE RESERVE

3.1 Publication i nformation

This chapter has been publishedhe journal Marine Policy. It is eauthored by Mauricio

Castrejon and Anthony Charles

Citation:

Castrejon M, Charles A (2013) Improving fisheriesnaanagement through ecosysteased

spatial management: The Galapagos MarineeResMarine Policy38: 235245

3.2 Abstract

Ecosysterbased spatial management (EBSM) paovide a mechanism for a strategic and
integrated plasbased approach to managing human activities in the marine environment. An
EBSM approach was adopted in the Galapagos M&w&serve (GMR) at the end of the

1990s with the adoption of marine zoning. The latter was created undenanegement

regime toreduce conflicts among users arising over incompatible demands for ocean space,
to mitigate the impact of human activities @msitive ecological areas, andcantribute to

the sustainability of Galapagos fisheries. Unfortunately, the promise of an EBSM approach in
the GMR has not been matched by effectiveness in practice, in achieving the established
management objectiveEheaim of this paper is to evaluate the shortcomings and lessons
learned related to planning, implementation, monitoring, evaluation and adaptation of the
GMRO6s marine zoning scheme, and to provide r
value of theEBSM approach to emanaging the shellfisheries of the GMR.
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3.3 Introduction

A key problem with conventional approaches to fisheries management has been its focus on
production from a single target species. That sisgkecies preoccupation has made this
management approach inadequate because it did not consider the impaagbfishon

target species and marine habitats, and neglected the human factors (social, economic,
cultural and institutional) that affect fisheries managert@harles, 2001; Garcia and

Charles, 2007; FAO, 2009Recognition of the significant direct and collateral impacts that
fishing imposes on marine ecosystems has encouraged adoption of ecdmstem
management (EBM, also referred to as the ecosygtenoach to fisheries, EAF). This
integrated approach considers the entire ecosystem, including humans, and has as a main goal
maintaining an ecosystem in a healthy, productive and resilient condition so that it can
provide the services humans want and r&xl_eodet al, 2005; De Young, Charles and

Hjort, 2008)

Even though EBM has been recognized as a potentially powerful approach for rebuilding
depleted rarine fish populations and for restoring the ecosystems of which they are part
(Wormet al, 2009) several challenges to its wide implenaitn must be addressed. One of
the most important is a lack of clear, concrete and comprehensive guidelines that outline in a
practical manner how EBM can be implemented in marine @ddsr, 2008)

The EBM approach interacts closely with that of integrated management, which focuses on
managing the multiple human uses of spatidgignated areas, and which is typically

viewed as incorporating EBM as a fundamental compaj@&mrles, 2011)The idea is that

since marine ecosystems are places, and human activities affecting them (fisheries, tourism,
marine transport, oil and gas expltiba, etc.) occur within those places, ecosystased
management must be inherently pkesed Crowder and Norse, 2008)ence, combining

ideas of ecosysteiinased management and spatial management, the integrated approach of
ecosystenbased spatial management, EBSM, has emerged over the last decade as a way to

apply EBM in coastal and marine environmeg(@suvere and Ehler, 2009)

The main aim of EBSM (which in the marine context of this paper includes marine spatial

planning, MSP) is to provide a mechanism for a strategic and integratedgslea approach
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to manage current and potextlty conflicting uses, to reduce the cumulative effects of human
activities, to optimize sustainable so@oonomic development and to deliver protection to
biologically and ecologically sensitive marine ardasuvere and Ehler, 2009} his

management approach has been successfully used in several marine areas of the world, with
Australiabds Great Barrier Reef Marine Park (
example of its implmentation(Day, 2008; Douvere, 2008)

An EBSM approach was adopted in the Galapagos MRaserve (GMR; Fig3.1) at the

end of the 1990s. This occurred in order to deal with several ecological, socioeconomic and
political challenges strongly related to the rapid growth of fishing and tourism activity in the
archipelagqGonzalezt al, 2008; Castrejon, 2011)he cornerstone for the application of

an EBSM approach in the GMR was the adoption of marine zoning, a spatially explicit
management tool that was designed, planned and implemented by a cothseseslus
participatory process between 1997 and 2B08ylings, Benstedmith and Altamirano,

2002; Calvopifiaet al, 2006)

The GMRO6s marine zoni ng wmsgemenoreggnh, inofleotowar d,
(SPNG, 1998)(1) contribute to the sustainability of Galapagos fisheries by providing

potential areas from which fishery steaan recover and spillover infishing ground; (2)

reduce conflicts among users as a result of incompatible demands for ocean space (e.g.,

tourism vs. fishing; smakcale vs. largscale fishing); and (3) mitigate the impact of uses on
sensitive ecologal areas of the archipelago, which are critical to the functioning of marine

ecosystems and the conservation of threatened sigEdigaret al., 2008)

This paper examines the effectiveness of GMR
of EBSM, based on a set of evaluation criteria widely seen as essential to successful marine
management, including EBSM: effective planning, monitoring, implementagiaaluation

and adaptatio(Day, 2008; Douvere, 2008)he paper explores the extenttowhh GMR O s
marine zoning has achieved these five basic components since its inception, and on the other
hand, highlights shortcomings in implementation of EBSM that limit its potential to improve
GMRG6s s hel-managerheatr i es co
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Further, the paperprovd es a set of insights to i mprove t
analysis is timely to inform the first comprehensive and integrated management effectiveness
evaluation of the GMR&6s marine zoning, which
National ParKGNP), the institution in charge of the management of the GMR, with the

support of several local and international {gmvernmental organizations (NGOS).

The organization of this article is as follows. Section 2 provides a background on the history

of the current marine zoning scheme in the GMR, and its impact on-ina@mcagement of

shell fisheries. Section 3 examines the short
marine zoning, while Section 4 provides recommendations to improve its parf@ma

Section 5 presents the main conclusions.

3.4 History of marine zoning in the Galapagos Marine Reserve

3.4.1 Creating a legal framework

The Galapagos Archipelago is recognized worldwide by its particular oceanographic and
geological features, which influenced the origin of unique terrestrial and marine ecosystems
that include a high biological endemism. The unique biodiversity of thie piapired the
naturalist Charles Darwin to conceive his famed Theory of Evolution by Natural Selection
following his visit to the archipelago in 1835, and was responsible for the designation of the

Galapagos Islands as a World Heritage site by UNESCO78.1

Management of coastal and marine resources of this unique place faced several
socioeconomic and political challenges in the-1890s(Gonzalezt al, 2008) The most
significant of these were overcapitalization of the small scale artisanal fishing fleet driven by
the rapid development and expansion of the searsber fishery, and exponential growth of
tourism activity in the archipelag@€astrejon, 2011)Both stimulated new sources of

economic development which attracted an increasing number of immigrants from mainland
Ecuador. As a result, thetal human population of Galapagos increased dramatically, rising
from 1346 to 18,640 individuals between 1950 and Z0&fdrea, 2007.) The abovedctors

increased pressure on access and use of the Galapagos marine resources, and on demand for
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coastal space, as well as increasing the demand for raw material imported from the mainland,
thereby increasing the risk of arrival of invasive species tantbet pristine areas of
GalapagogWatkins and Cruz, 2007)

Increasing social conflicts and ecological degradation led to adoption of the Galapagos
Special Law (GSL) and the Galapagos Marine Reserve Management Plan (GMRMP) in
March 1998 and April 1999, respectivéiyeylings and Bravo, 2007)ccording to the
GMRMP, t he mai n ma npaoteet amd cohsereelthg eoastaliandenarines i
ecosystems of the archipelago and itddgecal diversity for the benefit of humanity, the

local population, science and educatii$PNG, 1998)

The Galapagos archipelago and its surrounding open ocean were designated as a multiple use
marine reserve of nearly 138,000 %¢Rig. 3.1) with an extension of its boundaries 40 miles

of fshore from t heindiydiregomihgthe euberiglandsefthe an i mag
archipelago). However, the most important measure was an institutional shift from a
centralized toglown to a cemanagement approach, coupled with the prohibition of

industrial fishing inside the GMR, allocatiof exclusive use rights to local fishers, in the

form of licenses and fishing permits, and adoption of a spatial-BB&hted approach

(Castrejon, 2011)The term EBSM is not used or explicitly defined in the GSL and

GMRMP, but the generaind specific management objectives and principles established for
management of the GME&PNG, 1998are compatible with the definitions provided by

McLeod et al(McLeodet al, 2005)andDouvere & Ehlef(Douvere and Ehler, 2009)
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In addition, the GSL and the GMRMP prded the legal framewkifor the
institutionalization of two nested decistomaking bodies: the Participatory Management
Board (PMB) and the Institutional Management Authority (IMA). Both decisnaking

bodi es were used

by

ocal

st akeholighadizes and

consensudased participatory process to zoning the GARylings and Bravo, 2007This

spatially-explicit maragement tool facilitated the adoption in practice, for the first time, of an

EBSM approach.
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3.4.2 Planning phase

The GMR6s marine zoning planning phase was u
2000.The specific aims were to reducenflicting usegenerated by human activities (e.qg.,

tourism vs. fishing) that coexisted in the same geographical zones; to conserve and protect
biodiversity; to ensure the sustainability of economic activities in the RMG; and to enforce

the management principles andeatijves set up in GSL and GMRMBPNG, 1998)The

process involvedan be suthivided in two main stages, based on the descriptions provided

jointly by SPNG(SPNG, 1998) Heylings et al(Heylings, Benstedmith am Altamirano,

2002) and Edgar et a{G J Edgar, R H Bustament,al, 2004)

The first stage involved institutionalization of a general zoning provision agreement (June

1997 Apr il 1999). The objectives, zone categori
were generatedandagdee upon by a ficore groupo, composed
representatives, during the planning phase oGIHEBRMP. As a key element of thide

GMR was divided in three main zones: 1) multiple use zone, 2) limited use zone, and 3) port

zone. The nultiple use zone includes deep waters (> 300m) located inside and outside the
GMROs boundaries; all human activities per mi
tourism, scientific research, navigation and surveillance manoeuvres). The limited @se zon
embraces the coastal waters (< 300 m) that surround each island, islet or protruding rock.

This zone was divided in four subzones:

Comparison and protection (Conservation subzone).
Conservation and neextractive use (Tourism subzone).

Conservation,dractive and nosextractive (Fishing subzone).

A =/ =4 =4

Areas of special temporary management (ASTM).

The first three of these, the Conservation, Tourism and Fishing subzones, have regulations

associated with them as follows:

1 Scientific research is permittéd all subzones (Towsim, Fishing, and Conservation).
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1 Diving, cruise ships, sailing, kayaking, snorkelling, surfing, and swimming are only
permitted in the Tourism subzone.

1 The various fishing activities handline, pole and line, mesh netting, hookargjyi
and trollingi are only permitted in the Fishing subzone.

The fourth subzone, the ASTM, can be implemented within any of the other subzones and

includes special areas conceived to implement experimental management schemes in the

future (e.g., seasoheosures), or to allow the recovering of species and marine habitats that
have been severely affected by human activities (overexploitation, oil spill, etc.) or by

extreme environmental conditions (e.g., El Nifio).

However,h e ficor e gr chapoasersusdbout thhe boundades and distribution of

the limited use subzones (i.e., Conservation, Tourism and Fishing subzones). The resolution
ofthenecconsensus points was postponed and, inst
coastal zoning (POZ0 wa s a (Hewingsi Bensted@mith and Altamiano, 2002)As

a result, th&sMRMP was approved in April 1999 without including a complete and

integrated zoning scheme

The second stage of the process involved development and consensus on the above
Aprovi sional c 0 a s-tA@ril 200z00)n.i nAg oA z(oAnpirnigl glr9o9u9p 0 W
representatives of the national park, local sreedlle fishers, tourism operators and NGOs,
and developed a proposal, which was reviewedagpdoved by PMB in April 200@Each
stakeholder group negotiated based orr ghaiticular interest, with the goal being to
minimize the short term impact of zoning over their own economic activities. Specifically,
with regard to the key issue of establishingtake zones, each resource harvesting group
sought to avoid placing thesn areas with high densities of the most valuable species for
their corresponding sector. According to Edgar et&l Edgar, R H Bustamengt, al,

2004) sea cucumber fishers argued for havingale@ zones only in those areas with low
densities of sea cucumbers. On the other hand, tourism operators promtake aeas
specifically for those areas with high concentrations of large pelagic specieassuch

hammerhead and whit¢ip sharks, which are valuable species for scuba diving tourism.
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Finally, NGOs did not line up with any of these human use sectors, instead arguing for the
protection of a range of sites of different sizes and at various disi@pagsrepresentative of
different habitats in each of the five bioregions recognized by Hataisis, 1969) Overall,

this mix of objectives lé to a negotiated geographic distribution oftake zones within the
GMR (G J Edgar, R H Bustamentd,al, 2004)

The final stages i n r eachammovalivemsteodferus on t h
conflict management, which was strongly based on incentive and pressure stoategies

((Heylings, Bensted®mith and Altamirano, 2002p. 16), which were aiming to link directly

the final PCZ proposal to t(HeylingsBenstggmie nt of
and Altamirano, 2002) I n ot her words, decisions on al/l
fisheries in 2000 were conditioned on the achievement of a zoning agreement. Even more

impot ant as an incentive for adoption of the z
plano to provide alternative |ivelihoods to
for the shorterm impacts of the zoninddeylings, Benste@®mith and Altamirano, 2002)

These included the promise to allocadenmercial diving and sport fishing licenses to those

fishers that wanted to leave commercial fishing and become tourist operators.

The zoning arrangement was finally approved
management zones, comprising 14 safgaconservation zones, 62 tourism zones, 45 fishing
zones and 9 mixed management zo@sJ(Edgar, R H Bustament,al, 2004) see Fig.

3.2). Conservation and tourism zones (i.e-failke zones) encompass 18% of the Galapagos
coastling(Heylings, Benstedmith and Altamirano, 2002[ach individual zone ranges in

size from small offsh islets to a 70 km span of co&stJ Edgar, R H Bustamentt, al,

2004) However, no offshore boundaries were established. As a result, the total marine area

per zone was not legally agreed on.
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3.4.3 Implementation phase

The cemanagement system faced several conflicts after the zoning was approved, most
related to management of the sea cucumber fishery and to development of the legal
framework necessary to implement the principles and rules established in the GSL and
GMRMP (Castrején, 2011)As a consequence, the physical demarcation of the zoning was
delayed by six years. During that period, enforcement was weak as the GNP lacked adequate
control and surveillance infrastructures, and some fishers were unaware of the zoning
boundariegAltamirano and Aguifiaga, 2002)s a result, the GNP decided to focus on
preventing illegal harvesting of tuna and sharks by laagde fleets from mainland Ecuador,

and to combat local illegal fishing during sea cucumber and spiny lobstegfsdasons

(Reyes and Murillo, 2007Pespite those efforts, several infractions occurred, most related to

illegal fishing of sea cucumber in #take zonegAltamirano and Aguifiaga, 2002)
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The zoning system was physically demarcated in September 2006, but despite this, illegal
fishing in notake zones continues to oc¢Murillo and Reyes, 2008Nevertleless, the

adoption of a vessahonitoring system (VMS), jointly with the improvement of surveillance

and sanction capacity, has contributed successfully to reduce illegal harvesting {sg#dege
fleets which frequently attempt to harvest tuna and shark species inside the boundaries of the
GMR (M. Villalta, Galapagos National Park, Ecuador; personal communigation

3.4.4 Monitoring phase

Before the physical demar caCharesDarwih t he GMRO s
Foundation (CDF), a localased international NGO that provides scientific advice to the

GNP and PMB, conducted a breschle subtidal independent survey in 22001 (G J

Edgar, R H Bustamentef al, 2004) Its main aims were to define the ecological baseline of

each management zone before the physical dem
broadscale marine biogeographical patterns across Galap@gb&dgar, S Bankst al,

2004)

Three main results were obtained by Edgar €Gall Edgar, R H Bustaments,al, 2004)

(1) the mean sea cucumber density in the Western sector of Galapagos, the most productive
sector of this species, was three times higher in zones open to fiéRhiag:(10.9 ind 100m

2) in comparison with conservation zonéd ¢ 4.2 ind 100m); (2) the mean density of

spiny lobster and Galapagos grouper was not different between management zones; (3) the
mean shark density was five times higher in tourism zones in comparison with conservation
and fishing zones. These results reflected thedsasciated with the selection and

distribution of netake zones within GMRG J Edgar, R H Bustamentg,al, 2004) i.e., that

the compromises inherent in their selection led to their having low intrinsic densities of sea

cucumbers and high densities of large pelagics.

These human diensions were dominant in the actual selection ke zones, rather than
more ecologicallyoriented aspects. For example, Edgar €&l Edgar, S Bankst al,
2004)showed that Galapagos coastal waters were best dividefivantoarine bioregions

referred to as faNorthern, Northern, SoutBastern, Western and Elizabé&tthe latter being
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a bioregion located in the Western part of Isabela Island, whose proportion of endemic
species is anomalously high. As a result, thesigoasi argue for a higher level of protection
of the farNorthern and Elizabeth bioregions, which are not properly represented and

conserved by the current GMRO6s zoning design

While such aspects were not built into the current marine zoning design ¢aittiiveed to

be better incorporated in any future adaptation of the design), the results obtained by Edgar et
al. (G J Edgar, S Bankst al, 2004)were used by the zoning commission, jointly with the
GMRGs appr ov e dndtheoadvica g exetraad dorgultants, to develop a long term
ecological subtidal monitoring program (ESMP). This program was designed to evaluate
spatial and temporal patterns of change in coastal marine ecosystems across the different bio
geographic regins in the GMR, before and after zoning implementation, and in relation to

oceanographic, climate and human imp#&Benks, 2007h)

In October 2004, the PMB reviewed and approved the ESMP proposal. The responsibility to
manage the ESMP was given to the CDF. Since then, CDF scientists have compiled a unique
12-year biephysical dataset to support an assessment of the managementesféssiof the
zoning. The ESMP is mostly funded by international aid agencies and NGOs.

In addition to the ESMP, the CDF and the GNP have managed the Participatory Program of
Fisheries Monitoring and Research (PIMPP) since 1997. The latter marked tharigegf

the systematic collection of fisherglated data in Galapag@Sastrejon, 2011)The PIMPP

was the most important monitoring program between 1997 and 2006, particularly during the
expansive phase of the sea cucumber fishery (2092). However, over the past 50 years,

the CDF has also compiled large amounts of other oceanographic, ecological and biological
data about Galapagos marine habitats and native and endemic species. In recent years, most
monitoring efforts have focused dme projectbasis collection of socioeconomic and
governance data, in particular to evaluate performance of theanagement system

(Heylings and Bravo, 200,/)he socioeconomic impact of tourigipler, 2007) and the

potential impact of climate change on Galapagasrea and Di Carlo, 2009)
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3.4.5 Evaluation and adaptation phase

According to the GMRMP, the zoning systemwabte adapted and made fipe
years after its declaratiobhased on the results of an assessment of management effectiveness
(SPNG, 1998)The latter had to include an evaluation of the initial ecological and-socio

economic effects of the zoning. Howevérere is not yet a comprehensive, integrated,-peer

reviewed quantitative analysis of marine zoning effectiveness nor of applicationks &

principles in the GMRConsequentlythe marine zoning scheme has not been formally
adaptedFurthermore, decisiemakers have not received regular and conclusive feedback

about the ecological and socioeconomic impacts of the EBSM over Galapagos mari

ecosystems and over the range of activities affecting it.

Despite this lack of comprehensive assessment, there is some evidence, both positive and
negative, concerning the performance of marine zoning in the Galapagos. First, for the
particular casefashellfish fisheries, recent studies suggest that marine zoning, in conjunction
with the establishment of a-¢cbanagement system, have not been effective in preventing
overexploitation of the sea cucumber and the spiny lobster fisliPeéso, Castilla and

Castrejon, 2009; Castrejon, 201Bpth management measutes/e not been enough to

eliminate the fishersd incentive to compete
all owable catch (TAC) each fishing season. S
t he fish©&, h aapitabzationasishargam deekaovirenease their

competitiveness through investment in more substantial and faster vessels, and high

technology fishing equipment. The resulting intense search fort&nortprofit, combined

with a lack of social and institutional mectsms for resource stewardship, has compromised
thelongt er m recovery of fishery stocks. This is

t he c o (Mardim $968seems to apply.

As sea cucumber and spiny lobster stocks have declined over the last decade, the race for fish
has intensified resulting in more illegal fishing and more restrictive management measures,
such as the reduction of TAC and fishing seasngtlke This has led fishers to work within

an increasingly competitive environment, encouraging risk seeking behaviors, and creating
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dangerous work conditions. For example, the decline in spiny lobster abundance in the
shallow waters around Galapagos hasoenaged fishers to dive at night, deeper and for
longer periods in order to sustain or increase their catch rates. As a result, the number of
fishers with decompression sickness has increased during the last ({egstdejon, 2011)

In contrast to the above negative outcomes, a preliminary study suggests partial benefits
associated with marine zoning in the Galapagos. Accordi(Bgioks, 2007a)the proportion

of larger individuals of grouperd/ycteroperca olfak endemic sea basséxafalabrax
albomaculatusand Galapagos grunt®ithoprostis forbegiis significantly higher in nadake
zones in comparison with fishing zones. This trend has been observed in particular areas
where the level of protection from fishing is higher, whether due to high levels of tourism

and/or such areas being neartothe enr c e me nt a u t(Baoks,2@0%ap s out post

3.5 Concerns arising with marine zoning in the Galapagos

The marine zoning scheme represents undoubtedly the best effort undéstdlee to

manage the GMR through an EBSM appro&tbwever, application of EBSM in the GMR,
through marine zoning, has been severely limited by lack of effective enforcement and a high
rate of norcompliance by fishers, who consider fisheries managemeasures, including

no-take zones, as illegitimag¥iteri and Chavez, 2007As noted abovehte most important
shellfisheries of the GMR, the=a cucumber fisheryspstichopus fuscyisnd the spiny

lobster fisheriesRanulirus penicillatusaandP. gracilis), show signs of overexploitation

(Defeo, Castilla and Castrejon, 2008he steady expansion twiurism activity in the

archipelago, jointly with the carrying out of illegal spfishing operations, are generating

new conflicts between local tourism and fishing sectors (E. Naula & M. Casafont, Galapagos
National Park, Galapagos, Ecuador; personadraanication). Furthermore, a recent study
shows that the current GMRO6s marine zoning d

several threatened species and key biodiversity éeelmret al, 2008)

These prol@ms with EBSM have contributed to a lack of credibility and legitimacy
concerning what could be potentially a valuable tool tonemage th& MR& s finsher i es.
this section, such problems are examined from the perspective fife basic components

essatial to successful marine management, including EBSM, as outlined earlier in the paper:
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effective planning, monitoring, implementation, evaluation and adaptation.

3.5.1 Planning issues

3.5.1.1 Short -term approach

The GMRO6s marine zoni ng statgginel mtegnated longrme at ed w
planbased approach. It is clear thia¢ consensubased approach used during the planning

phase focused mainly on determiningtn@ k e zones withoggecopsicder .
needed to adopt an EBSM in a marine protected area (l@R&leset al, 2009).As a

consequence, the zoningly impacted the places where fishing (and tourism) can take place,

not the inappropriate incentives and the institutional failtireslead to fisheries

overexploitation. The latter problem areas include reactive governance with a short term

vision, inappropriate allocation of use rights (licenses and fishing permits), excessive fishing
capacity, limitations in monitoring, controhd surveillance, and weaknesses in the

organi zation and soci al c oh @sfeopGastitaindt he | oc a
Castrejon, 2009; Castrejon, 2011)

3.5.1.2 Excessive focus on no -take zones

The zoning system has been considered in Galapagos as synonymoustaki zanes.

This represents a serious misconception about EBSM, also present in other parts of the world
(Murawski, 2007) It is necessary to highlight that-teke zones represent only one tgbe

MPA, and only one of many management tools available for the successful implementation

of EBSM in the marine environment, such as territorial user rights for fisheries (TURFSs),
seasonal closures, spatial gear restrictions(\@tormetal., 2009) Thus netake zones need

to be evaluated and compared to viable alternative management tools, and used, where
appropriate, as one element in a broader package of meédilibesn et al, 2004)

3.5.1.3 Unexpected incentives

The @i nnov a-presswedstrategy desaribed ane used by Heylings(étesllings,

BenstedSmith and Altamirano, 20029 encourage consensus on zongaptributed in
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reality to the generation of perverse incentives and to the loss of credibility and legitimacy for
zoning, especially among grassroots fishers. As described in séet@this strategy

produced dinal zoning consensus when the PMB declared that all mareageneasures
required to regulate the GMRO6s fisheries dur
was a zoning consensus (the O6pressured compo
agreed to develop an fdact i odstothe fishingsectooin pr ovi d
order to ficompenstadremm itrhpax tforoft htthe hoonni ng |

component).

The fishing sectorédés representatives signed
expecting that the Ecuadorian Governmeapesented by the GNP) and NGOs would

produce alternative livelihoods for the entire fishing sector, which in 2000 included a total of

1229 fishers as registered by GiFastrejéon, 2011)The zoning agreement could be

considered a whwin situation for fishers for two reasons: (1) mosttake zones were

declared outside the main sea cucumber fishing gra@dsEdgar, R H Bustament, al,

2004) the most valuable and abundant fishery resource of the GMR at that time, so it is quite
probable that the shetérm econona impact of the zoning on the fishing sector was low,

particularly given that enforcement was w¢Akamirano and Aguifiaga, 2002)nd (2) the

GNP and NGOs agreed to make a ficompensati on
Aal twewesn@at ifor 18% of @At hei-take zohdas.Howevegangr ound s
unexpected result happened, in that the inceipressure strategy encouraged-fishery

individuals, mainly from mainland Ecuador, to obtain fishing licenses, in order toaggssa

to the sea cucumber fishery (legally opened in 1999), as well as the alternative livelihoods

that were promised. This contributed to the exponential growth of the fishing sector, which
increased between 1999 and 2000 from 795 to a historic maximg28ffishers

(Castrejon,2011) This trend intensified the O6race fo
incentive to conserve sea cucumber and spiny lobster fisheries. In other words, fishers were

not encouraged to conserve fishery resountéisd long term because, in the end, all fishing

license holders, including those not dependent on fishing for their livelihoods, were to be

compensated with fAalternativeso.
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A few years after approval of the zoning system, conflicts abounded in the enearaigpf

sea cucumber, as most fishers felt fAcheated?o
implemented as quickly as they expected. As a resultréubility and legitimacy of the

zoning (and the GNP and NGOs themselves) declined sews@gen 199 and 2001
(Barber and Ospina, 2007) Currently, such | ack of | egiti m;:
decision to comply with the regulations, particularly withtakezonegC Viteri and

Chavez, 2007)

3.5.1.4 Lack of attention to threatened species

The design of the zoning system is not offering enough protection to all threatened species of
Galapagos. Edgar et &Edgaret al, 2008)point out that of the 38 inshore key biodiversity

areas (KBA) recently identdd in Galapagos, 27 currently possess protection from fishing.

Such areas occupy 8.5% of the coastline (142 km). The remaining 11 KBAs are located

inside fishing zones (7) and mulise zones (4). These authors argue for the implementation

of notake zone in certain zones, located in Isabela and San Cristobal Islands, which possess
threatened species of macroalgaes and gastropods not found in any other site of the
archipelago. According to Edgar et @dgaret al, 208), al | KBAG6s coul d be

converting only 1.9% of the current total fishing area intai@ zones.

3.5.1.5 Lack of attention to spatial structure

The spatial structure of sea cucumber and spiny lobster stocks in the archipelago was not
considered in GMROs zoning design. Several s
that the distribution of sea cucumber and spiny lobster in the GMR is sph&tdrogeneous,

as is the allocation of fishing effqjitiearnet al, 2006; Torakt al, 2006) Nevertheless, no

study has attempted to measure and model the spatial dynamics of shellfish stocks and of the
fishing fleet. As a consequence, such spatial patterns have been ignored during the design of
management strategies. Such infation is fundamental to understanding the population

dynamics and distribution patterns of these species (which do not fit the classic models

developed for conventional stock assessments) and to evaluating the applicability of spatially

explicit managemenheasures (TURFs, seasonal closures, spatial gear restrictions, etc.) in
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order toreduce overexploitation risks.

3.5.2 Implementation issues

In addition to previoushnoted issues over enforcement of regulations, there are also very
specific operational concerns. For example, physical boundaries in the zoning scheme are
inadequate to demarcate the offshore boundaries of each siibzgpecialy at night when

most fishing activity takes place. There is a need for a new system of boundary demarcation
based on coordinates of latitude and longitude, to simplify boundary description, as has been
implemented in the Great Barrier Reef Marine Park (GBRof Australia(Day, 2008) The
latterinterfaces zoning boundaries with modern navigating devices, such as Global
Positioning Systems (GPS), and contributes to improve public understanding, enforcement
and compliance in the GBRMP.

Concerns have st arisen with the original names assigned to each subzone, which proved
complicated, confusing and difficult to remember. In fact, the names have been already
changed by stakeholders. For example, fishers refer to the conservation, extractive and non
extacti ve use subzone as the AFishing zoneo,

conservatonandneext r acti ve use subzone as the ATour

3.5.3 Monitoring and evaluation issues

A large amount of spatiallgxplicit ecological and fishery relatethta has been collected

over the last 13 years, but such information has never been integrated and analyzed in a
comprehensive way. Indeed, integrated and interdisciplinary studies have been relatively rare
in Galapagos, representing only 8% of scientiéiierences published between 1535 and 2007
(Santandeet al, 2009) Accordingly, there is a need for comprehensive evaluation,

integration and coordination to produce suitable spatial planning information.

Furthermore, most research has focused on the baseline assessment and ongoing monitoring
of biological and oceanographic aspects of t
sideo. For example, in contr astinfotmatioiome | ar ge

the abundance and distribution of target andtanget species that has been collected on a
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regular basis during the last decade, little information has been collected on such topics as
local fishery knowledge, perceptions about manageneguiations, market and nanarket

values of ecosystem services, and historical and current resource use patterns. It is important
to recognize that not only fishery management but also the planning, implementing and
managing of MPAS require taking intortsideration the human dimensions (social,

economic and institutional) that affect the outcomes of implementgZioarles and Wilson,

2009)

3.5.4 Adaptation issues

Adaptive management has been institutionalized as a management principlé ategbegos

legal framework (i.e., GSL and GMRMP), but it has not been properly impleméiaed

example, the GMRMP indicates that the zoning system would be adapted and made

i per man e n-year paxiddttirmeraftea dedaration, based on the results afsessment

of management effectivene&PNG, 1998)However, it did not provide clear guidelines

about how to take into account new information or shifting conditions, so adaptation
(amendment) of the system (and indeed the GMRMP) has never occurred since inception.

Il ndeed, the ter nesr niapnreonvtios iuosneadl o na ntdh ei pPGMRMP &
adaptive management concept. I n particul ar,
serious misinterpretation about the foundations of adaptive management, which could result

in future resistance byadteholders (or decisiemakers) to adaptation of the zoning design.

3.6 Toward effective zoning in the Galapagos Marine Reserve

The lessons learned through the identification and analyses of issues in the previous section
are fundamental to adapt and mope the zoning system in the GMRhis section provides

some paths to the future, drawing on lessons learned from the GERvVifRandezt al,

2005; Day, 2008)as well as from the recommendations and guidelines provided by Hilborn
et al.(Hilborn et al, 2004) Wilen (Wilen, 2004) Gilliand & Laffoley (Gilliand and Laffoley,
2008) Charles & Wilson(Charles and Wilson, 200%nd Douvere & EhlefDouvere and

Ehler, 2009)

77



3.6.1 Effecti ve planning

The most i mportant step to improve the GMROSs
longtermplanbased approach, which considers the #fAb
EBSM for GMRO6s fisheries management to The pro
establish a large, comprehensive, and representative networkakenareas within a

broader spatial management framework, represents a successful example of the practical
adoption of an EBSM to manage a multiplge marine reserve. According to Fardes et al.
(Fernandezt al, 2005) the key success factors that were central to review and adapt the

GBRMP zoning were: focusing initial communication on the problems to be addressed,;

applying the precautionary principle;ing independent experts; facilitating input to decision

making; conducting extensive and participatory consultation; having an existing marine park

that encompassed much of the ecosystem; having legislative power under federal law;

developing higHevel sypport; ensuring agency priority and ownership; and being able to

address the issue of displaced fishers. These factors of success should be carefully evaluated

in the context of Galapagos and wused, i f app
zoning
3.6.2 Appropriate no -take zones

The reality that ndake zones represent only one of multiple management tools available for
the successful implementation of EBSM must be emphasized. A portfolio approach, based on
a judicious combination of management tools, provides a more robust eppsoasource
governancgCharles, 2009)indeed, a recent integrated assessment of the status, trends, and
solutions in marine fisheries worldwide found that a combination of traditional approaches
(catch quotas, communityased managnent) coupled with strategically placed fishing

closures, more selective fishing gear, ocean zoning, and economic incentives is the best

potential solution to restore marine fisheries and ecosygiaimsn et al, 2009)

Furthermore, having seen in Galapagos that zoning is a useless management tool if it is not
appropriately enforced, it is worthwhile to adopt the insight of Hilborn ¢H#dborn et al,
2004)that noetake zones (or marine reserves) must be evaluated previous to their

implementation in the conterft: 1) clear management objectives, 2) the social and
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institutional ability to maintain and enforce the closures, 3) existing management actions that
no-take areas could complement under certain conditions; and 4) the capacity to monitor and

evaluate sucas.

3.6.3 Suitable incentives

The incentivepressure strateggénsuHeylings et al.(Heylings, Bensted®mith and

Altamirano, 2002)to encourage consensus on zoning should not be used again during the
adaptation phase of the GMR6s zoning. It i s
incentives hat led to the loss of credibility and legitimacy in the zoning. Instead, it is
necessary to establish new mechanisms to realign economic incentives with resource
conservation. This critical component of successful rebuilding efforts for fisli@/wsn et

al., 2009)focuses on what is referred to variously as fishing rights, tenure, or dedicated
access privilege&Charles, 2002, 2009; Hilborn, Parrish and Litle, 2008hich form of

fishing rights fits which type of fishery is a complex maftéharles, 2009)depending on the
frequent preexistence ofishing rights, on the species involved, on the history of the fishery,
and many other factors. However, when chosen well, these have effectively eliminated the
race for the fish in many fisheries around the wondhether through TURFs, individual
guotas (catch shares), rotation of fishing grounds or other m&uostello, Steven and

Lynham, 2008; Defeo, Castilla and Castrejon, 2009; Gutiérrez, Hilborn and Defeo, 2011)

For example, the exclusive allocation of TURFs t@kiscale fisher communities in Chile

has generated a sense of exclusive use and ownership among fishers. This has resulted in
(Castilla and Defeo, 2001; Defeo, Castilla and Castrejon, 2009 cemanagement

success with longerm effectsm the economic welfare of fishers; (2) the strengthening of
fishersdéd organizations, which | ed to the i mp
monitoring, control and surveillance procedures, and (3) the accomplishment of objectives for
managemerand conservation. In addition, TURFs have proved to be useful as
experimentation tools to refine stock assessment and management procedures. Furthermore,
recent studies have shown that, under certain conditions, strategically sited MPAs can be an
effectve complement to TURFs, increasing abundance and fishery fo@ssello and

Kaffine, 2009)
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364 The fApeopledo side of EBM and MPAs

Attention must be paid in equal terms to the biological, oceanographic and human dimensions

related to the planning, monitoring, i mpl eme

importance of peoplteriented aspects has been highlighted with regardasystermbased
management, notably in regard to fishefi2e Young, Charles and Hjort, 200&)d to MPA
creation and implementation (or adaptation), to improve acceptartultimate performance

of MPAs(Charles and Wilson,2009) The | atter authors suggest

considerations for MPAs: objectives and att.

attachment to place, meaningful participatipo ef f ect i ve governance,
knowledge, the role of rights, concerns about displacement, MPA costs and benefits, and the
bigger picture around MPAs. Such peepleented factors should be evaluated in the
Galapagos context and taken intw@unt during the evaluation and adaptation phase of the

GMR&6s zoning.

3.6.6 Spatial dynamics

The spatial dynamics of fishery resources (notably the key sea cucumber and spiny lobster
stocks) and of the fishing fleet must be measured and modeled 6 #ssapplicability of
spatiallyexplicit management measures (TURFs, seasonal closures, spatial gear restrictions,
etc.) in order to reduce overexploitation risks. Consider, for example, the case of broadcast
spawners, such as sea cucumbers, wha$br many sedentary speciesequire high

density concentrations in order to reproduce successfully. Sucldéigity patches are the

first to be targeted by fishers in a fishery regulated by catch or effort (idiitorn et al,

2004) making management measures such as total allowable catch (TAC) inappropriate in
the fisheries for these species. In this case, a spatiallycexpinagement tool, such as
seasonal closures, could be more effective than a TAC (e.g., to protect sea cucumber
juveniles). On the other hand, caution is needed with spatial measures sudhlaeszomes
since changes in the distribution of fishing effoould lead to overfishing of the stocks

located outside the zorf€harles, 2010; Hilboret al, 2004)i it is thus necessary to evaluate
the impact of zoning on fleet distribution.
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3.6.7 Better monitoring

Current monitoring programs must be evaluated, adapted, and coordinated with the goal of
producing needed spatial planning information, integrating the collection of socioeconomic
data on a regular and strategic basis. According to(Day, 2008) the etablishment of a

robust monitoring system to evaluate the effectiveness of marine spatial management plans
requires a major institutional reorientation at the policy level. In the case of Galapagos, it will
require a major adaptation of the GMRMP, inchglas a priority the allocation of suitably
long-term governmental funding to ensure the continuity and efficiency of the monitoring

programs.

Also important are efforts to better utilize existing data (biophysical, socioeconomic and
fishery data) in orer to extract the maximum value from thé€@illiand and Laffoley, 2008)
Furthermore, the abowsoted monitoring capability of VMS together with the recent
implementation of an Autontia Identification System (AIS) for the entire local fishing fleet,
provides an unique opportunity to better understand the spatial behaviour of fishers, and
thereby to predict how this behaviour interacts with spatial population processes to determine
thecharacter of exploited mefopulations; and to understand the implications of policy

options ranging from ntake zones to TURHilen, 2004)

3.6.8 Evaluation of managem ent effectiveness

Such an evaluation of the GMR will facilitate adaptation of the marine zoning scheme, taking
into consideration the scientific information available, the local fishery knowledge and the
lessons learned as outlined above. Recent guiddhiaree been published in relation to
evaluation of management effectiveness of MfBay, 2008; Gilliand and Laffoley, 2008)

to the practical adoption and application of the ecosystem approach to fisheries (EAF) taking
into account its human dimensioffisAO, 2009) and to undertaking marine spatial planning
(MSP) on a stepy-step basigEhler and Douvere, 2009) he latter guidelines, which are

largely based on analysis of MSP initiatives around the world, including the GBRMP, lead to
a comprehenses/spatial management plan for a marine area or ecosystem. This plan is
implemented through a zoning map and/or a permit system, the latter based on the zoning

maps and the comprehensive spatial pErier and Douvere, 2009pPne important aspect of
81



this guideline is an explicit recognition that atineanagement measures besides zoning (e.g.,
seasonal closures, TURFs, limitation of fishing effort, etc.) are needed to manage the

diversity of human activities that take place on MPAs.

3.7 Discussion

Implementation of marine zoning in the GM&presents an important step forward, but to
date it has not adequately provided the mechanisms to address the roots of fisheries
management failures that led to the overexploitation of the main shellfisheries of the GMR.
Several institutional and socioagwmmic challenges must be overcome in order to successfully

adopt the recommendations ddsed in the previous section.

3.7.1 Credibility and legitimacy

One of the most important challenges to meet is-stablish the credibility and legitimacy

of the GMR’s marine zoning. To accomplish tbigective,it will be fundamental to engage
stakeholders in the 1®0oning process, through extensive and participatory consultation. The

latter was identified b¥ernandes et alFernandezt al, 2005)as a key factor for the
successful review of Australiads GBRMP zonin

As a first step, participants in tlecisionmaking bodies formed earlierPMB and IMAI

need taagree upon and support the process that is being implemented by GNP’s authorities to
evaluate for the first time the management effectiveness of the GMR, as well as the
adaptation process that will be followed to fiome the GMR’s zoning design. This lwil

contribute to a more efficient use of the economic and human resources locally available.
However, an even more important step will be to engage GMR’s grassroots fishers, a difficult
task due to a lack of social cohesion, leadership and representatsene@ f f i sher s o
organizations (ie.,eops) . Thi s probl ems dAvendaind 20Qrst r at ed
results showing that 51.4% of the 262 members of COPROPAG (one of the majs ¢b

the GMR) believes the main problem facing their cooperative is a lack of utiibyyéd by

bad leadership (14.6%), lack of economic capital (12.9%), and lack of organization (5.8%).
Consequently, most grassroots fishers do not trust their leaders, most not being considered

| egi ti mate r epr es e neglihgs and Brave 2O0Aror hibreasand 1 nt er
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many decisions taken by the PMB and IMA are not considered legitimate by grassroots
fishers. To overcome this problem, extensive and participatory consultation is needed beyond
the boundaries of the PMB. Such a process could be adapted from that described by
Fernandes et alFernandeet al, 2005) and include notmy those in the smalcale

fisheries sector but also tour operators, naturalist guides, conservationist, researchers,
representatives of local governments and the general public. This will contribute credibility
and legitimacy to the evaluation and a@dipn processes of the GMR’s zoning and, at the
same time, will provide voice to several members of local communities whose interests are
not currently represented in the PMB, but who have influence or are influenced by the
decisions taken concerning maeawent of the GMR.

3.7.2 The co -management system

Another institutional challenge to face is the uncertainty about the future role of the

Gal apagmasagement system, caused by recent <ch
which could discourage and delegitimize the participation of stakeholdersrazbring

process. Ecuador approved a new constitution by referendum in September 2008, which

resulted in fundamental changes to the Gal ap

According to article 258 of the new constitution, the province of Galapagos will be managed
by a Government Council, to replace IMA as the main manager of the Galapagos province.
However, the functions and the relationship of the Government Council @\Rgthe main
manager of the GMR) and the PMB have not been approved and specified yet in the
corresponding legal framework (i.e., Galapagos Special Law). Thus, the future role of the
Galapagos conanagement systemusicertain anavill be known only athe end of the

reform process of the Galapagos Special Law, which began in 2009 and is expected to
conclude at the end of 2012.

Unfortunately, the fail ur e-nafageménesysGfd® 6 s mar i
disappointed many fishers and decisiakers, as well as those scientists and
conservationists who strongly promotedraanagement in Galapagos to this point. As a

result, the Ecuadorian government is proposing charginge G M-R&nagencent system
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from an advisory type to a consultative typensuSen & Nielsen(Sen and Nielsen, 1996)

Considering this scenario, members of the PMB and the IMA should seek agreement on the
consultation and decisiema ki ng process to adopt for eval ue
marine zoning. This should be done before the end of the reform process Galéipagos

Special Law, making clear how stakeholder inputs will be used to develop the new zoning

plan, as well as the procedure that will be implemented to take the final decision on how to

re-zone the GMR. This will be fundamental to legitimize theislen-making process,

thereby contributing to encouragement of stakeholder participation and avoidance of potential
conflicts between the Ecuadorian government (i.e., Government Council) and GMR

stakeholders.

3.7.3 Right -based management

However, the mst important institutional and socioeconomic challeiaging Galapagos
fisheriesrelates to a lack of clearly defined and limited fishing rights. This problem, which

lies at the roots of fisheries management failuseeflected in the misalignment of

economic incentives with respect to resource conservaliomddress this, and thereby

improve the GMR’s zoningt will be necessary to implement a new righ&sed

management system, through amendments to the
practcal mechanism approved by the PMB and IMA (or Government Council).

This task will require selecting, in a participatory way, a new portfolio of use (Ghtxles,

2002, 20093)aking five key factors into consideration:

(1) There is likely a need to 4&locate fishing licenses, in a manner that privileges the
historical activity in the fishery and the performance of active fishers, as well as the
distribution of the fishing effort according to the productive capacity of fishery resources,
and the particular labour needs of each fishery. To do so, there vdltmée changes to
the legal framework to provide mechanisms taltecate fishing licences, based on the
number of active (full time and part time) fishers, and to make it legally possible to
exclude those inactive | ihiogeregistey. Forexandperins | i st
2008, only 33% and 37% of the total 1101 license holders registered by the GNP

participated actively in the sea cucumber and spiny lobster fisheries, respectively
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(Castrejon,2011) The remainflesharsofiianadttihese | i ce
typically recognized, by fishers themselves, as opportunistic individuals that only keep
their fishing |license to gain access to ecc
GNP.

(2) The institutionalization of conanagement in the Galapagos Special Law has not been
sufficient to ensure its succeg$defeo, Castilla and Castrejon, 200B)it strong support to
the PMB from the Ecuadorian government can assist this local decision rvakiym
facilitating participation, capacity building and secure access and management rights for
fishers. Otherwise, the outcomes expected will continue to be similar to those obtained

commonly by a tolown management approach.

3 There i s no dfanasigefits-allsolutian toielpnendte the race for fish
(Charles, 2001, 2009; Defeo, Castilla &@abtrejon, 2009Consequently, each use rights
option (e.g., TURFs, individual quotas,-take zones, seasonal closures, etc.) must be
evaluated and adapted, considering the particular-socimgical conditions of
Galapagos, so that together they mlevthe necessary incentives, and increase the
probabilities of success in management. This implies conducting interdisciplinary and
integrated (systerasriented) research to understand and describe the dynamics of the
main interacting subsystems in thghiery system: resource (e.g., sea cucumber), resource

users and resource managen{@ftarles, 1995, 2001)

(4) The new rightdbased management system must guitge the fundamental rights of
fishers, such as food, livelihood, and participation in decisaking. Following the
recommendation of Kearndi{earney, 2007)fishery maagers should ensure their focus
goes beyond narrow economic efficiency measures to include economic and social
objectives relating to local communities (such as employment, feasible access of
community members to the fishery, and avoidance of excessicemation of

ownership).
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(5) To increase the chances of success for the new-tgisesd cenanagement system
needed in the GMR, the Ecuadorian government needs to adopt a strategic and integrated
long-term planbased approach that contributes to imprguire leadership, social
cohesion and organization of fishers. The latter factors have been identified as
fundamental to the successful implementation efnamagement regimébefeo, Castilla
and Castrejon, 2009; Gutiérrez, Hilborn and Defeo, 2011)

3.7.4 Lesson for beyond the Galapagos

Drawing on the specific lessons learned in this case study of the shortcomings of the
Galapagos fisheries management system, there emerges five more general insights potentially
relevant as well within other contexts of ecosysteamed spatial managem¢BBSM),

marine zoning and related management approaches worldwide:

(1) The probability of success of EBSM is strongly reduced if it is adopted without a strategic
and long term plathased approach and adequate funding.

(2) The institutionalization of marine zarg under a conanagement regime is not enough to
ensure its success if major shortcomings exist within its five basic components (planning,

monitoring, implementation, evaluation and adaptation).

(3) Lack of enforcement, inappropriate allocation of fishimghts and the presence of
perverse incentives all contribute to a loss of credibility and legitimacy, as well as

disincentives to conserve fishery resources.

(4) No-take zones are not useful, and may be cotprtatuctive if inadequately enforced
andif designed without taking into consideration the spatial dynamics of the resources

and fleet, as well as the spatial distribution of key biodiversity areas.

(5) Adaptive management requires that clear and straightforward guidelines be specified in

the correspondiniggal framework to be applied in practice.
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A serious and coll aborative anal ysi s, by Gal
stakehol ders, of shortcomings experienced 1in
result (as described throughahis paper) will contribute to improving the effectiveness of

what could be one of the most important fisheries management measures of the GMR. The
resulting insights, such as those described in this section, may well be useful further afield, as
aspects becosystenrbased spatial management are explored and implemented in fisheries

around the world.
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3.10 Glossary

1 Automatic Identification System (AIS): a very high frequency (VHF) radio
broadcasting system that transfers packets of data over the VHF data link (VDL). The
latter enables AIS equipped vessels and shased stations to send and receive
identification information that can be displayed ore&ectronic chart, computer
display or compatible radar using global positioning systems (GPS). AIS is used by
vessel traffic services (VTS) stations to monitor vessel location and movement
primarily for traffic management, collisioavoidance, and otherfs#y and fisheries
management applications (e.g. enforcement ethke zones). Available from <

http://www.amsa.gov.au/publications/ais_brochure.pdf > [accessed May 2012].

1 Co-management:fia partnership arrangement in which the community of local
resource users (fishers), government, other stakeholders (boat owners, fish traders,
boat builders, business people, etc.) and external agentsg@arnmental
organizations [NGOs], academic and research institutions) share the responsibility

and authority fothe management of the fisheffPomeroy and Rivier&uieb, 2006)

1 No-take zone:a type of MPA where all extractive activities are prohibited
permanently or temporally. Available from < http://www.mpa.gov/glossary.html| >
[ accessed May 2012] . s &t s ot &ekf ee rr{Absde ravse ofi ma
Abdulrazzak and Trombulak, 2012)
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1 Marine protected area (MPA): fimny area of intertidal or subtidal terrain, together
with itsoverlying water and associated flora, fauna, historical and cultural features,
which has been reserved by law or other effective means to protect part or all of the
enclosed environmeint ( Resol ution 17.38 of the 17th
1988).

1 Marine zoning: a spatially explicit tool that consists of regulatory measures to
implement marine spatial plans. It specifies allowable uses in all areas of the target
ecosystem(s). Different zones accommodate different asdgferent levels of use
(Agardy, 2010)

1 Rights-based managementa fisheries management regime in which access to the
fishery is controlled by fishing rights which may include not only the right to fish, but
also specify any or all of: how the fishing may be conducted (e.g. the vessel and gear);
where they may fish; when they may fish; an@vimuch fish they may catch
(Charles, 2002)
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CHAPTER 4 . CO-GOVERNANCE OF SMALL -SCALE SHELLFISHERIES
IN LATIN AMERICA: INSTITUTIONAL ADAPTABILITY TO EXTERNAL
DRIVERS OF CHANGE

4.1 Publication Information

This chapter has b dnteractiyegdvérnarscd ferdmaltale fishéries: b o o k
Global reflections edi t ed by Judi th Denkauthogehy and Lui s
Mauricio Castreédn and Omar Defeo.

Citation:

Castrejon M, Defeo O (2015) @mvernance of smaficale shellfisheries in Latin America:
the role of institutional adaptive capacity to cope with climatic and human drivers of
change. In: Jentoft S, Chuenpag R, (edshnteractive governance for smaltale

fisheries: Global reflectionsSpringer, New York, p 66625.

4.2 Abstract

The resilience of sma#icale shellfisheries in Latin America is increasingly threatened by

climatic and human drivers acting simultaneously at multiple temporal and spatial scales. Co
governance is emerging as a potential solution to enhance the cgpdilybiverning systems

to respond to the soctakological impacts of external drivers of change. Although there is an
increasing understanding of the factors that determine the success and failures of diverse co
governance arrangements in Latin Ameribaye is still a poor understanding about how this

mode of governance responds to different crises, and how these responses are shaped by past
experiences and by the features of the governing system and the-gystemoverned. In

this chapter, we evaluatow institutions learn, setfrganize and respond to diverse climatic

and human drivers in seven-governance arrangements, and identify the factors that enable

or inhibit building institutional adaptability. Our analysis shows that the combined imfpact
different drivers produced socialc ol ogi c all i mpacts on | ocal fis
In this context, institutions and actors displayed coping and adaptive responses to prevent or

mi tigate the damage on f i sshEesyvaned acaondingdees and
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the magnitude, extent, periodicity and intensity of press and pulse perturbations, and were
shaped by past crises, soaablogical memory and the particular social features of fishing
communities in which institutions are eaduled. In most cases, after severe crises, small
scale fishers took collaborative actions foorganizing their cooperatives and their
harvesting and trading strategies in order to prevent future crises and enter into more
sustainable pathways. In consion, the same factors that promote (or preclude) high
governability are also those that enable (or inhibit) building institutional adaptability and

resilience.

4.3 Introduction

Smaltscale shellfisheries in Latin America and around the world are increasingly threatened
by climatic and human drivers acting simultaneously at multiple temporal and spatial scales
(Perryet al, 2010; Hall, 2011; Defeet al, 2013) Climatic drivers, such as El Nifio

Southern Oscillation (ENSO), &fft habitats and ecological patterns and processes of target
and nonrtarget species, causing changes in habitat suitability, biogeography and demography,
as well as modifications to dispersal, feeding, growth and behavioral pgBedjscket al,

2009; Ortegat al, 2012) The negative changes induced by climatic drivers (e.g., mass
mortalities) are exacerbated by human drivers (i.e., market globalization and weak
governance), leading to loss of resilience in siaedlle shellfisherie@®efeo and Casitilla,

2012) In this context, resilience refers to the daty of fishing communities and

institutions (e.g. cooperatives, fishery agencies) to cope with, adapt to, and shape change to
sustain a fishery system within a desirable dfaezkes and Folke, 1998; Folke, Colding and
Berkes, 2003)

Co-management is emerging in Latin America as a potential solution toa@ntien

capability of the governing system to respond to the secialogical impacts of external

drivers of changésee e.g., Micheli et al. 2012 and McCay et al. 20Cémanagement is

d e f i napdrtnership drrangement in which government, the community of local resource
users (fishers), external agents (rgovernmental organizations, academic and research
institutions), and other fisheries and coastal resource stakeholders (boat owners,desis,tra

money lenders, tourism establishments, etc.) share the responsibility and authority for
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decisionmaking in the management of a fisheferkes et al. 2001, p. 253)ithin the

interactive governance perspectivess@ nagement i s conceptualized
governanceo wher e &tsandotherstakeholders aajabarade,ands ci ent i
cooperate to improve the governability of srsadale fisheriegkooiman and Bavinck,

2013)

Although there is an increasing understanding of the factors that determine st

failure of cagovernance arrangements in Latin Amef(iCastilla and Defeo 2001; Sesa

Cordero et al. 2008; Defeo et al. 2014; Gelcich et al. 2010; Gutiérrez et al. 2011; McCay et al.
2014, there is still a poor understanding about how this governance mode responds to
different types of crises, and how these responses are shaped by past experiences and by the
particular features of the governing system and the sytstdra governed. Sincknowledge

is important to understand how-governance institutions and actors learn,-egjanize and
respond to diverse climatic and human drivers, as well as to design policies aimed at
maintaining or increasing resilience in srratdhle fisheriegAdgeret al, 2005; Badjeclet

al., 2009)

Coping responses occur on short time scales and allow a system to survive a crisis without
being altered, while an adaptive response occurs on longer time scales when permanent
changes in the system are required to survive a crisis (Perry et al. 201ihyy @wh adaptive
capacity are a relate@silience aspect that reflects the adaptability of a system, i.e., the
ability of institutions (or individuals) to learn and store knowledge and experiences to address
new challenges, as well as the flexibility tqgperiment and adopt novel solutiofWalkeret

al., 2002) According to the interactive governance approach, adaptability is a key
characteristic of the governing system and systeive governed that contributes to their
governability. The systefto-be goerned can be seen as a seedlogical system

comprised of two subsystems (hurrsotial and biophysical) that operate through
interdependent feedback relationshi@strom, 2009; Perrgt al, 2010) The governing

system represents the institutiaars organizations that have a steering role in fisheries
governancg¢Ostrom, 2009; Kooiman and Bavinck, 201®&hich in urn are embedded within

the social component of the systéodbe governed. In the context of Latin America, two key
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guestions are: (1) how agovernance arrangements in snsalale shellfisheries respond to
different climatic and human drivers; and (2) wfetors enable or inhibit building

institutional adaptability. To address these issues, we characterized and compared-seven co
governance arrangements in order to evaluate how they responded to different types of
external drivers, and to identify the fars that enabled or inhibited building institutional
adaptability.

4.4 Methods

44.1 Case studies

We examined seven smalitale shellfisheries involving three different groups of benthic
resources: crustaceans (lobsters), mollusks (bivalves and gastropods), and echinoderms (sea
cucumbers). The case studies selected (Tab)eare from Mexico (spiny lustersPanulirus
interruptus;abaloneHaliotis corrugateandH. fulgen$, Ecuador (spiny lobsteBanulirus
penicillatusandP. gracilis; sea cucumbdsostichopus fuscyisUruguay (yellow clam

Mesodesma mactroideahd Chile (surf clanMesodesma donaciynThe case studies were
selected based on the availability of pemriewed and grey literature, as well as considering

our firsthand experience.

We also considered the following selection criteria: (1) target species are coastal shellfishes,
whose extaction is restricted to intertidal and shallow subtidal habitats; (2) resources are
harvested through artisanal fishing methods, includinggaticering, dredging, diving, and
trap deploying; (3) fishers have some kind of informal or formal organizaticingding
cooperatives, associations, syndicates, and/or federations; (4) therege\eenmance
arrangement implemented and recognized by local institutions or acknowledged in national
legislation; and (5) there is evidence that fisheries have beewt®dday one, or more,

external climatic and human drivers. Mostgmvernance arrangements were formally
implemented in the 1990s, usually as a response to an environmental, political or
socioeconomic crisis (Tab#el). The only exception is the spiny kibr fishery from Punta
Allen (Quintana Roo, Mexico), where-gmvernance emerged in a bottam way (i.e.de

facto) during 1968 as a result of the geographical isolation and strong organization of the
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AVig2a Chicod cooper at irntorigl usev hights fer figheriesb er s  al |
( TURFs) among themselves in speciSeptd93)i shi ng

Co-governance arrangements differ in the way governmentscami anteract in the
decisionmaking process (Tabkl), and can be classified as two typ8en and Nielsen,

1996; Gutiérrez, Hilborn and Defeo, 201@)) consultative, where consultation mechanisms
between the government and actors are minimal, and final decisions are taken exclusively by
the government; and (2) coapéive, where fishers are legally recognized as equal partners in
decisionma ki ng, and fi nal deci sions are taken in
embedded in communities with strong social cohesion, leadership, and orgarf2atbie

and Defeo, 2001; McCast al, 2014)with the exception of Galapagos where fishing
cooperatives lack those social attribui€astrejon and Charles, 2018) all cases, exclusive
access rights have been implemented (e.g., TURFS, fishing licenses and permits), together
with spatietemporal closures and/or marine protected afEalsle4.1). Other governance

instruments include total and individual quotas and minimum landing sizes.

4.4.2 Framework for characterizing adaptive capacity of co -
governance arrangements

To identify the factors that enable or inhibit institutional adaptation processes in the seven
case studies selected, we identified the most relevant external drivers that affected each
smallscale shellfishery. In most cases, the perturbations produdée byman and climatic
driver selected occurred exclusively after agowernance arrangement was implemented.
Just in two caseisthe sea cucumber and surf clam fishietile perturbations were initiated
before cegovernance implementation and still dook (see Table$.1 and4.2).

We considered two external driver categofldall, 2011) AClI i matic and envir
Al nternational trade and globalization of ma
and Apresso pertur bat i(20bhl}pulseferttrbatichsaneg t o Col |
relatively discrete and rapidly alter species abundances and ecosystem functigniig (e

hurricane), while press perturbations are sustained and chronic (e.g., sea level rise). Both

have the capacity to change the quantity and quality of ecosystem services (e.g., seafood). We
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define pulse perturbations as extreme climatic or socioedorevants that in a short time

period modify the structure and function of the systerhe governed, and whose impacts
persist temporally or permanently after the event has ended. In contrast, press perturbations
exert dongtermpressure over the systeimbe governed, whose intensity increases

gradually through time.

We selected priori two largescale pulse perturbations: EI Nifio 198398 (hereafter
EN97-98) and the global financial crisis 26@009. The first was an extreme clintagivent

that strongly impactethe Pacific coast of Latin America for 14 months, while the second
was an economic perturbation produced by the collapse of financial markets and lending
institutions that abruptly impacted the global economy for at leastalhs (Tablet.2).

Both drivers affected most of our case studies, allowing us to assess how different co
governance arrangements responded to similar external drivers that occurred at the same
time. We also identified posterioriother drivers, based anliterature review (Tablé.2), to

assess how different case studies responded to specific pulse and press perturbations.

To characterize the adaptability of-governance arrangements, we identified the social
ecological impacts produced by each drivethe systerto-be governed (Tabk.3). Then,

we identified the coping and adaptive responses produced by the governing system (i.e.,
fishery agencies, egovernance bodies and fishing cooperatives) and the social component of
the systento-be governedi.e., individual fishers and local communities). We also

investigated if the responses were adopted in a preventive (before the event occurred) or
reactive (during or after the event occurred) way. Finally, we identified the factors that
enabled copingral adaptive responses by the governing system and the spsbem

governed, concluding with some generalizations based on the comparative analysis of case
studies.
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Table 4.1General descriptions and acronyms of the seven -stalé shellfisheries analyzed in this study with emphasis-gowernance

and operational arrangements in place. Governance instruments: (1) territorial user rights for fisheries (TURFsS); (B)einrd@agnd
permits; (3) spatiktemporal closures; (4) marine protected areas; (5) total allowable catch; (6) individual quotas; (7) minimum legal size;
(8) protection for berried females; (9) effort limit (traps); (10) escape windows in traps; (11)iggyohoh SCUBA and hoka diving,

gilinets and hooks.

Target Country Location Acronym Habitat Fishing Co- Year of Motivation Governance
species method governance implementationfg, co-governance instruments
type

Spiny Mexico Punta Allen SLQR  Subtidal, Skin- Consultative 1968 Agreed upon by 1,3,7,8,11
lobster (Ascension Bay sandy ancdiving and fishers themselves
Panulirus Quintana Roo) rocky artificial
argus shelters
Yellow UruguayRocha (Barra YCUY Intertidal, Hand Consultative 1990 Resource depletion 3, 6, 7
clam del Chuy) sandy  gathering
Mesodesm: beach §
mactroides
Abalone Mexico Peninsula of ABBC  Subtidal, Hookah Cooperative 1992 Abalone 1,3,4,5,7
Haliotis Baja California rocky  and overexploitation and
corrugata (central zone) SCUBA negative impact of
H. fulgens diving 19821983 El Nifio

_ event
Spiny SLBC Traps 1,3,4,7,8,
lobster 9,10
Panulirus
interruptus
Spiny Ecuador Galapagos SLGPS Subtidal, Hookah Cooperative 1998 lllegal and 2,3,4,5,7,:
lobster Islands rocky and skin unregulated
Panulirus diving expansion of the see
pentillatus, cucumber fishery

. promoted by roving
P. gracilis bandits since 1992




Target Country Location Acronym Habitat Fishing Co- Year of Motivation Governance

species method governance implementationfor co-governance instruments
type
Sea SCGPS 2,3,4,5,7
cucumber
Isostichopu
fuscus
Surf clam Chile  TongoyBay CLCHL Intertidal Hand Cooperative 1998 Ensure a sustainablel, 3, 5, 7
Mesodesm: (northern and gathering exploitation ofM.
donacium central zone) shallow and hooke donaciumby the
subtidal, diving TURF system create
sandy as a response to the
beach i L o cGoricholepa:

concholepagfishery
collapse (1991)
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Table 4.2 External drivers analyzed in this study. ABBC: abalone Baja California; CLCHL:
surf clam Chile; SCGPS: sea cucumber Galapagos; SLBC: spiny lobster Baja California;
SLGPS: spiny lobster Galapagos; SLQR= spiny lobster Quintana Roo; YCUY: yellow clam
Uruguay

Category External driver Type of Temporal scale Spatial  Fisheries
perturbation scale affected
Climate and Hurricane Pulse September 14, 198(Regional SLOQR
environment Gilbert (~12 hours)
El Nifio Pulse April 1997-June Regional SLBC, ABBC,
1997/1998 1998 SLGPS, SCGPS
(~14 months) CLCHL
Oceanographic Press 19940nwards Regional YCUY
regime shift (decades)
Oceanographic Press 1977 onwards Regional CLCHL
regime shift (decades)
International trade Roving bandits Press 1992onwards Local SCGPS
and globalization (decades)
of markets Massive Press 2008onwards National YCUY
seafood (> 2 years)
importation
Global financial Pulse December 2007  Global SLBC, ABBC,
crisis June 2009 SLGPS, SCGPS

(~18 months)

4.5 Coping and adaptive responses

45.1 How co -governance arrangements respond to different
climatic and human drivers?

45.1.1 Hurricane Gilbert

In Punta Allen (Mexico), Hurricane Gilbert damaged extensive areas of coral reefs and

shallow seagrass bedeh@lassia testudinumthe man nursery and foraging habitats of
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Panulirus argus The loss of shelters increased the vulnerability of spiny lobsters to

predators, reducing temporally their abundaft@nsecea_arios and Brionegourzan, 1998)

The hurricane also destroyed thousands of lobster shelters, collapsing the lobster production

and preventing the completion of a new seafood processing(p&shie, 2000) As catch and

catch per unit effort (CPUE) declined markedly after the hurri¢@osaCordero, Liceaga

Correa and Seijo, 2008jshers were unable to pay their debts. Consequently, the processing

pl ant was seized by a bank, and the-teempoper at
dozens of fishers coped with this economic crisis by waiving their memberships, transferring

their exclusive access rights (i.e., fishing lots) to other members to pay their debts, and

emigrating to nearby urban argasslie, 2000) Thus, cooperate membership declined

from 100 to 71 at the end of the 1980s, while the local population contracted from 500 to 400
residentgCarr, 2007)

In the long term, the devastation caused by Hurricane Gilbert made remainingcatall

fishers aware of their vulnerability to climatic variability, which encouraged them to take

prevenive actions to strengthen fishery governability and the financial administration of their
cooperativgCarr, 2007; UNDP, 2012) Thus, Vig2a Chicodtheirf i sher :
harvesting strategies by firtening their fishing effort aceding to spiny lobster abundance,

and applying rigorous penalties (e.g., expulsion from the cooperative and confiscation of

fishing lots and fishing equipment) to those members who infringed upon federal and internal
management regulations. Eight yearsidatatch and CPUE showed signs of recoy8psa

Cordero, LieagaCorrea and Seijo, 2008pther adaptive responses were applied, including
(Carr,2007; Sos&Cordero, Liceag&orrea and Seijo, 2008; Ley and Quintanar, 2010;

UNDP, 2012) (1) stabilization of fishers population by limiting the allocation of new

memberships only to children of cooperative members and restraining, by preference, thei

own fertility rate, which has been one of the lowest in Mexico since thd @8ds. The logic

behind this trend is that keeping a low number of fishers and children ensures the prosperity

of the entire community, particularly in times of resource sgar@) enhancement and

proper management of the cooperativebs finan

(3) diversification of livelihoods by creating tosimn cooperatives since 1994; (4)
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diversification of products by catching and tradindivé lobsters since 1995; (5)
enhancement of the spiny lobster value chain since 2004 by establishing a partnership
bet ween Vig2a Chico and five cooperatives fr

reserves (Mexico). These cooperatives formed a colleetivee er pr i se cal |l ed Al |
Pescadores de Quintana Roo0 to sell their pr
ecotourism industries, using their own brand

the product, increased compliance wiggulations and mitigated the influence of middlemen,
resulting in higher profits for fishers; and (6) establishment of a rotating fund, which acts as a
financial buffer in times of financial difficulty, resource scarcity, and natural disasters. All
theseadaptive responses were adopted thanks to the strong social cohesion, organization and
leadership of fishing communities in which cooperatives are embg8dsdCordero,
LiceagaCorrea and Seijo, 20083s well as to the economic support and capacity building
provided by diverse governmental institutions and-governmental organizatiorfsey and
Quintanar, 2010)Consequently, the Vigia Chico cooperative increased its adaptability and
resilience, as it was demonstrated when Hurricane Wilma, one of the most intense tropical
cyclone ever recorded in the Atlanticsiog hit the Yucatan Peninsula in 20Q8NDP, 2012)

4.5.1.2 EI Nifio 1997/1998

Negative and positive sociatological impacts were caused by ENEB/(Table4.3). In Baja
California, this event reduced the recruitment, abundance, and physiologic condition of
abalone stocks, which could be associated with the temporal disappearsfaceadystis
pyriferaalgal bed§Guzman, Pérez and Laguna, 2QG83¥ource of food and shelter for

abalones. These negative impacts exacerbated fishery overexploitation. Fortunately, years
before EN9798 occurred, the Federation©boperative Societies of the Fishing Industry of
Baja California (FEDECOOP), in collaboration with government agencies and research
institutions, designed a stock rebuilding strategy that included: (1) consideration of the effects
of climatic variabilityon abalone abundance in stock assessment methods; (2) establishment
of a decision rule to set a total allowable catch (TAC) per cooperative; (3) government
support to conduct research on abalone aquaculture and transfer knowledge to cooperatives;
and (4) ative participation of cooperative fishers in monitoring, surveillance and restocking

activities. Since then, cooperatives have diversified their fishing effort to other fisheries to
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cope with abalone scarci(iyicCay et al, 2014) These adaptive responses helped mitigate
the impact of EN9-B8, allowing the gradual recovery of the fishery since 2@&hrcy

Bernal, Ramad¥/illanueva and Altamira, 2010furthermore, one cooperative implemented
two experimental marine res/es within its territorial use rights in fisheries (TURF) to
increase the resilience of abalone stocks to overfishing and climatic varigMilityeli et al,
2012)

In contrast, the abundance of spiny lobstergrfterruptus P. penicillatusandP. gracilis)

and sea cucumberk fuscu$ from Baja California and Galapagos increased markedly after
EN97-98, probably as a result of strong recruitment pul@ezman, Pérez and Laguna,

2003; Hearret al, 2005; Vegaet al, 2010) In Baja California, government agencies, again
with full support from FEDECOOP, adjusted tenglariosures before EN998 occurred to
ensure the reproductive success of lobster spawning stocks. This decision was taken based on
scientific evidence produced after EN82, which demonstrated that increasing sea surface
temperatures accelerate the bregdime ofP. interruptus leading to spawning events

earlier than normgNVega, 2003) This preventive response, together with the effective
enforcement of other regulations (e.g., escape windows in traps) and the reduction of illegal
fishingT through selenforcement mechanisrgontributed to protect recruitment and

reach maximum historic landings in the central zone of Baja California during 2000 and
2002; i.e., two and four years after EN98. Since then, landings have remained remarkably
high.

An opposite trend was observed in Galapagos, where fishers individually reacted by
intensifying their fishing effort in the spiny lobster fishery. Such a coping response was
shaped in turn by a previous response to another external driver: the boomstnd boo
exploitation of sea cucumbers promoted by roving bandits (see following sections).
Consequently, maximum historic landings were registered in the spiny lobster and sea
cucumber fisheries, two and five years after E/987respectivelyDefeoet al, 2013)
However, few years later both fisheries showed signs of overexploi{&#mirez, Castrejon
and ToralGranda, 2012)
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Table 4.3 Socialecologicalimpacts of different climatic and human drivers over the system
to-be-governed of seven egovernance arrangements in Latin American sisidle

shellfisheries. ABBC: abalone Baja California; CLCHL: surf clam Chile; SCGPS: sea
cucumber Galapagos; SLBC: spilobster Baja California; SLGPS: spiny lobster Galapagos;
SLQR= spiny lobster Quintana Roo; YCUY: yellow clam Uruguay. D1: Gilbert hurricane; D2:
El Nifio 1997/1998; D3: regime shift; D4: roving bandits; D5: global financial crisis; D6:
massive seafood iportation. Impact on stocks: green (increase); red (decrease), blank cell (no
impact reported).

SLQR SLBC ABBC SLGPS SCGPS YCUY CLCHL
Ecological impacts D1 D5 D2 D5 D2 D5 D2 D5 D2 D4 D5 D3 D6 D3

Condition of nursery and foraging habitats

Survivorship
Abundance
Recruitment l l -
Physiologic condition
Spawning stock biomass - - - -
Spawning time variation -

]

Conservation status of protected areas
Sccial impacts

Condition of fishing gear (e.g., lobster shelters)
Socioeconomic welbeing (temporal or permanent)
Landings

CPUE

Unit price

Export

Popuhtion growth

Diversity and complexity of social structure
Interest in the cgovernance arrangement

L

Consumption of domestic seafood products
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4.5.1.3 Regime shift

The populations of the yellow clanM( mactroides)and surf clam NI. donacium from
Uruguay and Chile, respectively, were decimated by periodic mass mortalities associated with
largescale regime shifts from cold to warm wat@@stegaet al, 2012) In the Pacific Ocean,

the regime shift occurred in 197Fiedler, 2002)while in the Atlantic Ocean the regime shift
took place in 1994Goldenberget al, 2001)1 four years after a successful-goveanance
arrangement was implemented in Barra del Chuy, Uru§Qagtilla and Defeo 2001; Table

4.1). Since then, the systematic increase of sea surface temperatubedmasnversely
correlated with declining trends in the abundance of both sp@sésoet al, 2013)

Before 1994, fishery agencies were unaware obtoairrence and impacts of mass

mortalities in Uruguay. Therefore, no contingency plans were in place and managers were not
prepared to cope with the unusual changes that occurred in the $gdiemgoverned when

mass mortalities began. They just reactgdhiplementing a fishery closure in 1994.

However, as no options were provided to fishers to mitigate the economic impact on their
livelihoods, this measure caused loss of incomes and unemployments8atalfishers
immediately responded by diversifyitigeir livelihoods in other sectors of the economy (e.g.,
construction, agriculture). The @overnance arrangement wasorganized 14 years later,
through the participatory development of new policies, institutions and governance
instruments, once yelloslam stocks showed signs of recovery (2@008). Managers and
fishers agreed that this mode of governance was suitable to promote fishery recovery and to
enhance f i shi n geirg.ormsmeasionwasbasgéd ow the successful co
governance arrgement implemented before mass mortalities occurred. Since then, fishery
governability has improved (Defeo 2014).

In Chile, a TURFs system called Management Exploitation Areas for Benthic Resources
(MEABR) was implemented at the national level in 1991 to solve the fishery crisis faced by
the gastropo€oncholepas concholepéSastilla and Defe, 2001) The success of this €0

governance syste(&Gelcichet al, 2010)led to its widespread application across different
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shellfish resources, includirige surf clanMesodesma donaciumk n o wmactams) .i T hi s
species consists of a metapopulation with a highly dispersive planktonic larval phase that
imposes uncertainty in the replenishment of local beds. Despite this fact, a MEABR system
was implementedt Tongoy Bay in 1998. However, the fishery collapsed after three years of
sporadic success because of lack of recruitment and high natural mortality levels mainly
attributed to mass mortality events that occurred in Northern Chile andR?asco<et al,

2009; Ortegaet al, 2012; Aburto and Stotz, 2013 response, fishers switched to other
economic activities or alternative fisheries. The fishery showed a moderate recovery between
2009 and 2010. However, as landings were much lower than those registered under the
MEABR system, the local community lost irgst in maintaining the egovernance
arrangemenfAburto and Stotz, 2013)

4.5.1.4 Roving bandits

The boomandbust exploitation cycle of sea cucumbers by roving bainditghis case
symbolized by Asian middleménwas initiated in the Galapagos Islands in 1992, one year
after this fishery collapsed in the Ecuadorian continental coagikimdkins and Mulliken

1999; Shepherd et al. 2008)ozens of fishers from mainland Ecuador immigrated to
Galapagos sponsored by roving bandits themselves. The exploitatsmst¢hopus fuscus
rapidly attracted the interest of local srradhle fishers (residents), who received training
and loans from Asian middlemen to participate in the fisfieeyMiras, Marco and Carranza,
1996) Thus, a resource that had not been traditionally expoldiy the local population

became unexpectedly the most lucrative fishery of the Galapagos and, most importantly, a
pervasive partnership was created between roving bandits and fishers (migrants and

residents).

Clandestine processing camps were set uprotected land areas to cook and dry sea
cucumbers, thus increasing the risk of accidental fires and the introduction of invasive species
(e.q., fruits, insects). These concerns, together with the potential ecological extinttion of
fuscusdue to the opn access nature of the fishery, attracted large international attention,
particularly from conservation organizatioi@astrejoret al, 2014) The strong international
pressure encouraged the Ecuadorian government to implement precautionary management
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measures, including a total fisty closure (1998.999). Fishers responded with violent

protests and strikes, behavior that was influenced by their precarious economic situation. As

the fishery was abruptly closed, most of them were unable to pay their debts to Asian

middlemen, local railers and bank@e Miras, Marco and Carranza, 1996herefore, the

increasing indebtedness of fishers, together with the uncertainty about the future access to the
fishery, intensified illegal fishing and str
was to satify the payment of deb{€astrejon, 2011)

The conflicts caused kire sea cucumber fishery led to an institutional shift from a

hierarchical to a cgovernance mode in 1998, which included the establishment of the

Galapagos Marine Reser{@astrejon and Charles, 201Burthermore, several governance
instruments were implemented to shift from an open access to a common property regime,
including migratory rules, a ban on industrial figipi the establishment of a moratorium on

the entry of new fishers, the creation of a limieedry program and marine zoning, the

inclusion ofl. fuscusin Appendix Il of CITES, and even an unsuccessful attempt to

implement an individual quota system 004 (ToralGranda, 2008; Castrejon, 2011)
Despite these adaptive responsesyamv er nance bodies were unabl e

partnership created between roving bandits and fostedrs.

Management measures were undermined by poor enforcement capacity coupled with an
anthropogenic Allee effe¢sensuDefeo and Castilla 2012n other words, as sea cucumber
abundance decreased due to overexploitation, thiegviess of Asian markets to pay higher
prices increased exponentia(lyefeo et al. 2014)Thus, the expectancy of fishers to obtain
higher profits motivated them to accelerate their exploitation rates, even under diminishing
abundance levels. In this context, the roving bandits, with the atlliparticipation of local
middlemen, encouraged local fishers to catch sea cucumbers either below legal landing sizes
or during seasonal closure periods. lllegal fishing intensified as resource abundance became
scarcer and its exploitation and tradingeveestricted. This vicious cycle of globalized
exploitation led to the collapse and closure of the fishery in 2006. Once the fishery was not
profitable, the roving bandits moved to Nicaragua to continue the sequential exploitation of

other sea cucumbereges. However, they usually return to Galapagos dwaeythe fishery
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is reopened.

45.1.5 Massive seafood importation

Seafood i mportation affects fishing communi:t
domestic products from national marketsUruguay, favorable market conditions led to an
exponential increase in the importation of frozen bivalves, mainly from Chile, particularly
since 2008. Demand of yellow clams domestic produdt dropped as retailers and

consumers opted for cheaper imed seafood products. Thus, yellow clams were partially
displaced from international resorts, such as Punta del Este. Fishing communities from Barra
del Chuy responded collectively by diversifying their products and markets, sponsored
technically and ecamically by the government. Instead of selling 80% of yellow clams for
bait and 20% for human consumptioas was traditionally done since the 1980shers

decided to add value to their production to increase its freshness and quality. The adaptation
of products to the changing market conditions and consumer expectations allowed fishers to
sell 95% of their landings since 2010 for human consumption, particularly in seaside resorts.
This adaptive response of the community, undergos@rnance arrangemig partially

mitigated the negative effects caused by the massive importation of seafood. Nevertheless,

this driver stildl represents an external thr

45.1.6 Global financial crisis

The global financial cris contracted the consumption of lobsters and abalones in the United
States and European Uniotine main foreign markets of most Latin American countries
(Cook and Gordon, 2010; Monnereau and Helmsing, 20d G alapagos, the sharp

worldwide decline in lobster demand produced a price drop of 32% beR068rand 2009
(Ramire, Castrején and Tor#@randa, 2012)As middlemen refused to buy landings at

higher prices, fishers reacted individually in three ways: (1) abandoning the fishery; (2)
diversifying their product by trading whole fresh lobsters instead of lobsteramigd been
done historically since the 1960s; and (3) diversifying their market by selling their product
directly to the local hospitality sector and general public. Consequently, total fishing effort,
catch, and exports to mainland Ecuador declined 23%, and 45%, respectively (Defeo et

al. 2014). While the economic crisis was detrimental for Galapagos fishers, it was beneficial
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for spiny lobster stocks. Two years after the official end of the recession, lobster CPUE and
catch increased 91% and 102%spectively, whereas fishing effort only increased 6%
between 2009 and 2011. Since then, these indicators have remained remarkably high. Price

also increased, although it remains 24% below the value registered before 2007.

In Punta Allen, fishers were in a better position to face the global financial crisis because of

the adaptive responses adopted after Hurricane Gilbert (see previous sections). Nevertheless,

two factors made them vulnerable to this driver: (1) the poa@rsification of their market

most landings were destined to the Mexican hospitality industry of Cancun and the Riviera

Maya (ITAM-CEC 2007; and (2) the outbreakdi s wi ne fl uo i n April 20C
mar ket entered into recession and the fAswine
buying lobsters and the number of foreign tourists declined; thus, the domestic market

collapsed, and prices dropped 50% betw@d8 and 2009 (Noticaribe, 2010). In response,
Vig2a Chicobs member s st ogBpptehbef2009)untinngarkdt or t h
conditions improved. Since then, they have intensified their efforts in collaboration with other
cooperatives, governrnnt and NGO6s to acquire the infras

needed to export live lobsters to Asia and Europe in order to sell their product at better prices.

By contrast, the spiny lobster fishery from the Central part of Baja Californiaaledisely

Ai mmuneo to the global financial <crisis, tha
adopted by the ten cooperatives that form the FEDECOOP before the crisis occurred. Unlike
Quintana Roobds cooperatives, FUEIBNECAO® P expor t
France and USATAM-CEC2007) using their own brand (ARey
production is sold live; however frozen and cooked lobsters (whole and tails) are also traded

to spread the risk of market contraction. FEDECOOP cooperatadsstheir landings in

coordination, so that unit price and harvesting levels are agreed before the beginning of each
fishing season, based on global market conditions, the production of the last five seasons, and
the recommendations made by fishery ages(SCS, 2011)Once the initial price is

internally agreed, it is negotiated with foreign middlemen and local retailers. Market prices

are monitored daily along the fishing season to regulate fishiog btised on a cost

effectiveness analysis. If market conditions are unfavorable, an early closure is agreed and

112



implemented in a coordinated way, as happened during 2009 when the fishing season was
closed ten days earlier than plant8€S, 2011)Thanks to these harvesting and trading
strategies, promoted by the strong organization, social cohesion, and leadership of
FEDECOORP, the live lobster price increased 39% between 2008 and 2009, reaching
maximum higoric prices in 2011. The same harvesting and trading strategies were adopted
by FEDECOORP in the abalone fishery to cope with the global financial (siseéscyBernal,
RamadeVillanueva and Altamira, 2010)

4.6 What factors enable or inhibit building institut ional

adaptability?

Our results show that climatic drivers affected the demography and life traits of target
species, either directly or indirectly, by damaging the quality and availability of critical
habitats (i.e., the ecological component ofgfistemto-be-governed). The combined impact

of climatic and human drivers produced sce@blogical impacts that affected local fishing
communitieso well being (i . eabegovemed) andbtliei al com
governing system. In this canit, coping and adaptive responses were adopted by institutions
(i.e., cooperatives, fishery agencies, oigowernance bodies) or actors (i.e., fishers) to

prevent or mitigate the negative effects of these drivers on fishery resources and

c o mmu n i e¢lihoeds. &oping and adaptive responses varied according to the magnitude,
extent, periodicity and intensity of press and pulse perturbations, and were shaped by past
crises, sociaécological memorysensu-olke et al. 2003) and the particular social Gegs of

fishing communities in which institutions are embedded.

In Punta Allen and Baja California, adaptive responses were triggered in the spiny lobster and
abal one fisheries when fishers acquired a fc
climatic and human drivers. After extreme crises (i.e., pulse perturbations), fishers re

organized their cooperatives, harvesting and trading strategies in a collaborative way. They

were successful in these enterprises thanks to the strong social coleeslersHip, and

organization of the fishing communities in which these cooperatives are eml§8ddad

Cordero, Liceag&orrea and Seijo, 2008; McCayal, 2014) as well as to their institutional

capacity to take actions based on lessons learnt from previous crises (e.g., Hurricanie Gilb
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and El Nifio events) and their own soaablogical memory. Effective adaptive responses
were also enabled thanks to prolific partnerships created between cooperatives and fishery
agencies, research centers and NGOs. The support provided by thaggmstio smatl

scale fishers, in terms of scientific knowledge and capacity building, has been fundamental to
prevent and mitigate the socetological impacts produced by diverse climatic and human
drivers. Such results suggest thatgovernance arrg@ments were successful in building
institutional adaptability in Punta Allen and Baja California. This is reflected in the
implementation of innovative solutions that enhanced governance quality (i.e., its
governability; Kooiman and Bavinck 2013). Theselude: (1) the adoption of exclusive

access rights (e.g., TURFs) and s&iforcement mechanisms to prevent esxgploitive

fishing practices; (2) the flexibility of institutions to adapt management measures to prevent
the impact of climatic drivers, basen the availability of sound scientific knowledge; (3) the
development of participatory rebuilding strategies, including the implementation of decision
rules to restrict harvest; and (4) the entrepreneurial capacity of cooperatives to adapt their
tradingstrategies to the changing global financial trends, thus preventing the impact of
unfavorable market conditions and mitigating the bargaining power of middlemen within
fisheriesé value chains. The i mpl emadfits,at i on
including(Castilla and Defeo 2001; Se€mrdero et al. 2008; Defeo et al. 2014; McCay et al.
2014) (1) improved sense of ownership and stewardship, which in turn promote legitimacy,
acceptability and compliance of regulations; (2) optimization of data dotletethods,
minimization of conflict and strengthening of long term strategic planning processes; (3) the
creation of multilevel social networks, i.e., legal, political, and financial frameworks that
enhance sources of social and ecological resiliehdgeret al, 2005) and (4) enancement

and stabilization of bioeconomic indicators such as population abundance, CPUE and
economic revenues. These successful results were recognized by the Marine Stewardship
Council (MSC), which certified the spiny lobster fisheries from the centrad nbBaja

California and the Sian Ka'an and Banco Chinchorro Biosphere Reserves in 2004 and 2012,
respectively. In Baja California, the MSC certification producedemmomic benefits to
FEDECOORP, including empowerment, community strengthening, ancegpeastige at

national and international lev@Pé&ezRamirez, Pone®iaz and LluchCota, 2012) In the

long term, the legitimacy and the political and bargaining power of FEDECOOP have
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increasedallowing itto ensurdts exclusive access rights (i.e., TURFs), to obtain

gover nment 6s déoccomnhumity develspmpnp and to negaibetter prices

for its seafood products in the international markets. Such benefits have reinforced the
willingness and interest of fishers to comply with MSC required standards and to expand
their involvement in o-governance arrangements, thus promoting optimum conditions to
continue building institutional adaptability and resilience within the governing system and the
systemto-be-governed.

In Uruguay, the cgovernance arrangement of the yellow clam fishery was effective in
enhancing governabilitfpefeo, Castilla and Castrejon, 200Blpwever, this governance

mode was not resilient to the detrimental impacts caused by mass mortalities. Despite this
unexpected failure, fishers and managers decided to work collaborativelgriganize their
governing system in order to promote the recovery and sustainable management of the
fishery. The critical factors that enabled this adaptive response were: (1) recognition about
the key role that the previous-governance experience play@ promoting good

governance and sustainable fishing practices (i.e., existence ofeoaiadical memory); (2)
recognition by all actors that stocks were depleted (i.e., shared images); and (3) participatory
development of a rebuilding strategy, basadound scientific knowledge about the ecology
and resilience of targeted species and their roles in ecosystem dynamics (i.e., collaborative
governance). Although yellow clams have not fully recovered yet, the collective response of
fishers to mitigatehte detrimental impact of seafood importation suggests that this co
governance arrangement is being consolidated by building adaptability and collaboratively
rebuilding plans, leading to higher governability of the fishery. By contrast, the Tongoy Bay
machafishery became less governable, regardless of tgmeernance arrangement

developed around it, when theachapopulation crashed and smatiale fishers perceived

that their conservation efforts would not produce the economic benefits that they expected
(Aburto and Stotz, 2013)

Most case studies described above reinforce the notion that crises represent opportunities for
learning, adapting, and entering onto more sustainable pattiia@lke, Colding and Berkes,

2003) In Galapagos, ecological and social crises also triggered adaptive response®rHowe
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such responses were not effective in building institutional adaptability and resilience. Several
factors explain why cooperatives and fishery agencies have a poor capacity to learn, self
reorganize and respond proactively to the problems at han@dldp&gos, unlike Mexico and
Uruguay, cooperatives are embedded in fishing communities that are socially fragmented
(Castrejon, 2011; Castrejon and Charles, 2018is is reflected in the incapacity of dina

scale fishers to take collaborative actions to reorganize their cooperatives, adapt their
harvesting and trading strategies, and implementeglilatory mechanisms in order to

exclude outsiders, avoid illegal fishing and mitigate the impact of rdamglits.

The adoption of collective adaptive responses was also inhibited in Galapagos by the
existence of contrasting images about the status of the sea cucumber fishery. This avoided the
creation of prolific partnerships among fishers, managers, st&rdand conservationists for

at least 15 years (199206). In this context, stakeholders perceived each other as

Aenemi eso, instead of potenti al partners who
resources could contribute to cope with extednaders of change. Consequently,

management measures were implemented under pressure, usually without the consensus of
fishersdé representatives. -gblemanceballiesoverei ons t a
perceived as illegitimate by grassroots fisheasjtg a negative impact on fishers

compliance with regulation€ésar Viteri and Chavez, 200Furthermore, some

management measures were not based on sound scientific knowledge (e.g., total allowable
catch), leading to the loss of credibility in fishery agencies, NGOs, and finally in the entire
co-governance arrangemgi@astrejon and Charles, 2013his case study illustrates how the
establishment of a cooperative-governance mode, through the institutionalizediusion of

fishers as equal partners in the governance process, is not always effective in generating high
governability, particularly when: (1) local fishing communities lack a sense of stewardship

and critical social attributes (leadership, social sate organization and sociatological

memory); (2) exclusive access rights implemented, in this case licenses and fishing permits,
are deficient at mitigating ovaxploitive fishing practices, (3) strong pervasive partnerships
exist between fishers amdiddlemen; and (4) fishery agencies lack ks@gn economic and

human resources to enforce regulations and to conduct the research needed to fohaulate

governance instruments.

116



Based on the comparative analysis of our seven case studies, it cartloeled that the
governability of a fishery is not dependent on thegowernance mode established (e.g.,
consultative or cooperative), but mainly o
guality of the interactions between government aheractors, and the institutional

adaptability to external drivers of change. Institutions with strong social cohesion,

organization and leadership, and willingness to change and work in a collective and
collaborative way, displayed a higher institutiooapacity for adaptation and innovation.

The latter was reflected in the capacity of institutions to take actions, based on past
experiences and sociatological memory, to rerganize themselves, create prolific

partnerships, change harvesting and trgqditnategies, and implement sedfyulatory

mechanisms to prevent ovexploitive fishing practices. According to our results, co
management arrangements that show these features, such as those located in Baja California,
Punta Allen and Uruguay, also diaped a higher institutional adaptability to different

climatic and human drivers, resulting in better governability. In contrast, poor governability
was observed in those cases where such characteristics were lacking, as in Galapagos, or
where fishers peeived that their conservation efforts would not produce the expected
economic benefits as in the Tongoy Bagchafishery. In conclusion, the same factors that
promote (or preclude) high governability are also those that enable (or inhibit) building
institutional adaptability and resilience within the governing system and the sicsten

governed.
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CHAPTER 5 . IMPACT OF HUMAN AND CLIMATIC DRIVERS OVER
FISHING PATTERNS DYNAMICS IN A MARINE PROTECTED AREA:
THE GALAPAGOS MARINE RESERVE

5.1 Publication i nformation

This chapter will be submitted to the journal PLOS ONE, and will beutbored by Mauricio

Castrejon and Anthongharles.

5.2 Abstract

No-take zones effectiveness assessments usually assume that fishing patterns change
exclusivelybecause ofo-take zones implementation. Few studies have examined how

fishers respond to those situations in which, besides the implementatiotaserzones

they have to cope with the interaction of different climatic and human drivers of change, and
how their adaptive responses could influence the interpretationtakea@ones effectiveness
assessments. This type of study is usually unfeasible in Latariéanand the Caribbean due

to the dominance of dafaoor fisheries, which precludes employing befafter approaches

to assess the biological and socioeconomic outcomes of Marine Protected Areas (MPAs). We
evaluated how the spatiotemporal allocationistiihg effort of three fishing communities in

the Galapagos Marine Reserve (Ecuador) was affected by the interactions of different human
and climatic drivers, before and after the implementation d&ke zones. Fishery related

data were collected on ailyabasis by interviewers (1992011) and fishery observers-on

board (200€2006) at the three main ports of Galapagos Islands. Geographic information
system (GIS) modelling techniques were used in combination with boosted regression models
toidentifyhowd i f f er ent human and envir behadiernt al f act
evaluating the management implications of fishing pattern identified. Our results show how
the interaction of different largecale human and climatic drivers have influenced the macro
and micrescale spatiotemporal dynamic of fishing patterns arourk® zones in the

Galapagos Marine Reserve.
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5.3 Introduction

Ecosysterbased management approach (EBM3$ become well established in terrestrial
environments and is now embraced elydin marine fora (FAQO0Q09).It is gradually being
implemented withiroperational management practice in coastal and marine environments
(Ehler and Douvere, 2009 a range of manners, notably in the context of ex@patial
managemerdnd integrated managemeit$. main aim is to provide a mechanism for a

strategic and integrated pkased approach to manage the full suite of human activities
occurring in spatially demarcated areas, identified through a procedure that takes intb accou

biophysical, socioeconomic, and jurisdictional considerations (Young et al., 2007).

Often seen as related to EBM is the usb®lafine Protected Areas (MPAS), which can be
classified in two main typg#\gardyet al, 2003; Agardy, 2010; Long, Charles and
Stephenson, 2015)1) notake zones, or marine reserves, where all extractive activities are
prohibited, and (2) multiplese MPAs that allow regulated use, genenafiger marine
zoning schemes, which may includeta@e zonesMPAs, in the right circumstancesan be
effective governance instruments to build resilience in SSF and conserve biodiversity
(Gutiérrez, Hilborn and Defeo, 2011; Michetial, 2012; McCayet al, 2014) However,
MPAs can also do harm, if not understood propeiilycludingbiological, oceanographic and
human (social, economic, cultural and institutional) dimensicasd implemented fairly and
effectivdy, through suitablgractical and policy measurda particularhuman dimensions
of MPAs have beenftenneglectd (Charles and Wilson, 2009; Charles 2Q®4pecially in
many developing countries, in which the dominance of-gata fisheries usually precludes
proper assessmentibie biological and socioeconomic outcomes of MPAs.

Most research effortis regard tahe impacts of MPAs on fisheriésve focused on how

fishers deal with the displacement from their traditional fishing grounds and the fastars,
result of MPAsand management implications associated with the adaptation of their fishing
patterns, i.e., variations in the selection of fishing grounds, fishing methods, target species,
organizational and marketing proc€Sslas and Gaertner, 2004; Stelzenmidteal, 2008;

Horta eCostaet al, 2013a) There are also analyses of how, in many cases, fishing effort

tends to aggregate around MPA boundari es,
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that MPAs location is of interest for fishers either because they haviotmady fished
around those areas or becaaseillover effect has occurrggellner et al. 2007).

However,while the need to understand the implications of MPAs, notably on fisheries, is
clear (Charles et al., 2016; Westlund et al., 2017), it is irapbtb recognize that other

factors affect fishing patterns in addition to MPRecent studies suggest that spatiotemporal
allocation of fishing effort is not only influenced by the location of MPAs atadby factors

such as distance of fishing grourtdghe nearest port, weather and oceanographic conditions,
habitat features, fishing method employed, travel costs, product price and expected revenues
(Horta e Costat al, 2013; Soykanet al, 2014) To our knowledge, no study has examined

yet how fishers respond to those situations in which, besides the implementation of an MPA,
they have to cope with the interaction of different external drivers, such as extreme climatic
events (e.g., hurricanes, Hifio, etc.), markets, globalizations and, most frequently, the
development and/or collapse of alternative fisheries. Additionally, little is known about how
fisher®adaptive responses could influence the interpretatitimeaffectivenesef MPAs.

Eadh driver of change can produce ficascade eff
fishing communities, whether through changes in the availability and accessibility of target

species or variations in environmental and market conditions. This leads fshdeptheir

fishing patterngo prevent or mitigate the damage on their livelihoods (Salas & Gaertner

2004). If the main reasons behind these adaptations are not well understood, a potential bias

in the interpretation of the observed patterns couldrbduced, potentially misleading the

management recommendations adopldus is relevant for fisheries management,

particularlyin those cases in whidche main assumption of a MPA effectiveness assessment

is thatanyadaptatiorin fishing patternsvas caised exclusively biMPA implementation

rather than by the combined impact of different human and climatic drivers of change.

In this study, we assess how the spatiotemporal allocation of fishing effort of three fishing
communities in th&alapagos MarinReserve (GMR) was affected by the interactions of
different human and climatic drivers, before and after the implementationtake@ones.

To evaluate the management implications of fishing patterns, we used geographic
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information system (GIS) modelltechniques with boosted regression models to identify
how the interaction of different larggeale human and climatic drivers have influenced the
micro-scale spatiotemporal dynamic of fishing patterns arourgkezones in the GMR.
The integration ofttis knowledge is fundamental to design policies aimed on building
resilience in SSF. In other words, promote the capacity of fishing communities and
institutions to cope and adapt to chaf@enmeret al, 2011) taking into account the
particular ecological, socioeconomic and ingi@nal setting of this cases study.

5.4 Method

5.4.1 Study area

The Galapagos Islands is comprised of approximately 234 islands, islets and rocks with a
total land area and coastline of ca. 7 985 &nd 1667 km, respective(DPNG, 2014) This
volcanic archipelago is divided into five marine biogeogregliegiongG J Edgar, S Banks,
et al, 2004) named as faNorthern, Northern, SoutBastern, Western and Elizabeth (Fig.
5.1). Each one shows particular assemblages of fish and nmaentebrate species, whose
abundance and distribution are strongly affected by El Nifio Southern Oscillation (ENSO)
(Wolff, Ruiz and Taylor, 2012; Defeet al, 2013)

Only 4% of the total land area is inhabited by ca. 25 144 residents @aptéstributed in
five islands (Santa CruBaltra, San Cristobal, Isabela, and Floreana). The remaining land
area is natural protected area. There are three main fishirsgRaquerizo Moreno, Puerto
Ayora and Villamil; Fig.5.1) that display particular geographic and socioeconomic features,
particularly in terms of population density, number of fishers, composition of the fishing
fleet, and available landased tourism infrastructure (Taldd). Fishers are organized into
four fishing cooperativesmost withlow levels of organization, social cohesion and
leadershigAvendaro, 2007; Castrejon and Charles, 20IBgre are 1084 license holders
and 416 vessels registered in Galapagos, although only 37% oféh&im active in the
spiny lobster fishery (Tablg.1). Each fishing license provides to its owner the right to fish
any type of shellfish and finfish species commercially permitted. Approximately 97% of
active vessels are smaller than 9.6 m long (fibesgbr wooden made) and equipped with

outboard engines (1200 HP). Only 13% consist of wooden large boats (8 to 18 m long)
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equipped with inboards engines{3001 0 HP) . These fAmother boatso
resting and towing units for up to four smadissels (Bustamante et al. 2000). Most
harvesting activities usually last one or two days, although mother boats are able to operate

for a maximum of 12 days.

Figure 5.1 Marine biogeographical regions of the Galapagos Islands, according to Edgar et
al. (2004). Red circles indicate the location of the three main fishing ports: Puerto Villamil
(PV), Puerto Ayora (PA) and Baquerizo Moreno (BM). Black areas indicate the location of
no-take zones.

The most valuable shellfish species in Galapagos aredrenctegreen spiny lobsters
(Panulirus penicillatusandP. gracilis), and the sea cucumbspstichopus fuscusarvested

exclusively by artisanal hookah and skin divers mostly intgldd rocky habitats. The
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