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ABSTRACT. Understanding how social resilienceinfluencesresourceusers’ responsesto policy changeisimportant for ensuring
the sustainability of social—ecological systems and resource-dependent communities. We use the conceptualization and
operationalization of social resilience proposed by Marshall and Marshall (2007) to investigate how resilience level influenced
commercial fishers' perceptionsabout and adaptation to the 2004 rezoning of the Great Barrier Reef Marine Park. We conducted
face-to-faceinterviews with 114 commercia and charter fishersto measure their social resilience level and their responses and
adaptation strategies to the 2004 zoning plan. Fishers with higher resilience were more likely to believe that the zoning plan
was necessary, morelikely to be supportive of the plan, and morelikely to have adapted their fishing businessand fishing activity
to the plan than were fishers with lower social resilience. High-resilience fishers were aso less likely to perceive negative
impactsof the plan ontheir fishing business, lesslikely to have negative attitudestoward the consul tation process used to devel op
and implement the plan, and less likely to have applied for financial compensation under the structural adjustment program.
Results confirm the utility of the social resilience construct for identifying fishers who are likely to be vulnerable to changes,
and those who are struggling to cope with change events. We conclude that managing for social resilience in the GBR would
aid in the design and implementation of policies that minimize the impacts on resource users and lead to more inclusive and
sustai nable management, but that further research is necessary to better understand social resilience, how it can be fostered and

sustained, and how it can be effectively incorporated into management.
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INTRODUCTION

Resilience theory has shown potential as the basis for
developing inclusive and effective approaches to managing
complex social—ecological systems (Berkes and Folke 1998,
Levin et a. 1998, Marshall 2007). Resilience is the ability of
asystem to undergo change and still retain the same structure
and function (Carpenter et al. 2001, Lebel et al. 2006). Social—
ecological systemswith ahigh leve of resilienceareflexible,
adaptable, and prepared for change and uncertainty
(Gunderson 1999, Hughes et al. 2005).

Management frameworks based on resilience theory are an
appealing option for designing novel approaches to natural
resource management for anumber of reasons. First, within a
resilience-based management framework, managers are able
tochoosepoalicy optionsthat balancesocial costswithresource
sustainability goals and choose options that are least likely to
erode the resilience of the system, which would compromise
its ability to cope with future changes (Holling and Meffe
1996, Holling et al. 1998, Holling 2004, Marshall and Marshall
2007). Second, resilience theory provides an integrative
framework for combining research from the social and natural
sciences in support of sustainable resource management
(Berkes and Folke 1998). However, despite their apparent
appeal, application of resilience-based frameworks within
natural resource management has lagged behind the
development of resilience theory, in part due to the difficulty
of operationalizing the resilience concept and its components
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in complex and dynamic systems (Marshall and Marshall
2007).

Sacial resilience is an important component of resilience
theory (Marshall and Marshall 2007, Marshall et al. 2007).
Adger et al. (2002:358) defined social resilienceas*theability
of communitiesto absorb external changes and stresses while
maintaining the sustainability of their livelihoods.” The
resilience of resource-dependent individuals (e.g., commercial
fishers) will determine how individuals and communities
respond to changesin accessto natural resourcesandthesocial
and economic impacts of their responses to those changes
(Marshall and Marshall 2007). Policies that take into account
theresilience of resource users are likely to be more effective
at achieving resource sustainability because social resilience
isan important determinant of the willingness and capacity of
resourceusersto adapt to new regulationsand, moregeneraly,
to socia and environmental changes (Marshall and Marshall
2007). Consequently, understanding how social resiliencecan
be conceptualized and operationalized at the individual level
is an important focus for research on the sustainability of
social—ecological systems and resource-dependent communities.

Marshall and Marshall (2007), working with commercial
fishing communitiesin Queensland, Australia, identified four
key featuresof social resiliencefor individual fishers: (1) their
perception of risk associated with change; (2) their ability to
plan, learn, and reorganize; (3) their perception of their ability
to cope; and (4) their level of interest in change. These authors
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also described a 12-item multidimensional scale used to
operationalize their concept of social resilience. Application
of the scale within the Queensland commercial fishing
community revealed a positive relationship between social
resilience and the way commercial fishers assess, appreciate,
experience, and respond to prospective policy change
(Marshall 2007). Furthermore, the combined effect of age,
education, and attachment to occupation were found to be
important determinants of social resiliencein the commercial
fisher population (Marshall et al. 2007). Further application
of thesocial resilienceconcept and itsassociated measurement
scaleoutsideof theQueensland population (i.e., Salum, Egypt)
suggested that social resilience can be useful for identifying
and characterizing the vulnerabilities of stakeholder groups
during the process of planning for prospective Marine
Protected Areas (Marshall et al. 2009).

The research described above suggests that social resilience
as conceptualized and operationalized by Marshall and
Marshall (2007) can be vauable for understanding how
commercia fishers and other resource users perceive and
adapt to changes, and more generally for applying resilience
theory to the management of complex social—ecological
systems. However, the application of the socia resilience
concept thus far has been strictly prospective, i.e., to explore
fishers potential reactions and likely adaptations to
hypothetical and generalized policy changes. It has not yet
been tested whether high levels of social resilience trandate
into more positive perceptions of the impacts of, and better
adaptation to, actual changes in resource management policy
experienced by resource users. In this paper, we take a
retrospective approach in which we examine the relationship
between social resilienceand commercial fishers' perceptions,
attitudes, and adaptationsregarding amajor policy changethat
affected accessto fisheriesresourcesin the Great Barrier Reef
Marine Park.

The Great Barrier Reef Marine Park (GBRMP) isamultiple-
use marine park encompassing an area of approximately
345,000 km? along the northeast coast of Queendand,
Augtrdlia. The park is managed by the Austraian
Government’s Great Barrier Reef Marine Park Authority
(GBRMPA) with the primary goal of preserving and
protecting the outstanding natural values of the Great Barrier
Reef (GBR) while providing for wise use, understanding, and
enjoyment of the area (Great Barrier Reef Marine Park
Authority 2009). Activities such as fishing, diving, boating,
tourism, and research are permitted in the park but are
regulated through a system of zoning that governs where
activities can and cannot occur.

Commercial fishing is the largest extractive activity in the
GBRMPandincludesthemajor commercial fisheriesof prawn
trawling, reef line fishing, and inshore netting and crabbing,
aswell assmaller dive-basedfisheriesfor tropical rock lobster,
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aguarium fishes, coral, sea cucumber, trochus, and specimen
shells. Commercial fisheries in the GBRMP contribute
approximately $139 million to local economies annually
(GBRMPA 2009). Additionally, a robust charter-fishing
sector operates in the GBRMP, providing opportunities for
people to access recreational fishing in the park and
contributing an additional (but unquantified) amount to local
economies.

In July 2004, the GBRMPA implemented a new zoning plan
forthe GBRMPthat increased “ no-take” (i.e., nofishing) areas
from 5%to 33% of thetotal park area, andincreased additional
“no-trawling” areas from 15% to 28% of the total park area.
The primary aim of the rezoning was to increase the level of
protection afforded to the biodiversity of the GBR (Fernandes
et al. 2005). As part of the rezoning process, the GBRM PA
made significant efforts to engage with the commercial,
charter, and recreational fishing sectors, other industries (e.g.,
tourism) and members of the general community in an effort
to minimize the impacts of the rezoning on stakeholders
(Fernandes et al. 2005). The Australian government also
committed to astructural adjustment packageto assist fishers,
fishery-related businesses, employees, and communities
adversely affected by the rezoning, and to manage displaced
fishing effort that could have unsustainable ecological or
economic impacts (Macintosh et al. 2010). Adjustmentswere
available to alow fishers to exit the fishing industry,
restructuretheir business, and assi st employees, communities,
and regions that experienced socia and economic impacts. In
total, the structural adjustment package distributed
approximately $250 million to fishers and associated
industries affected by the rezoning (Macintosh et a. 2010).

Lédée et al. (2012) examined the responses and adaptation
strategies of commercial and charter fishersto the 2004 GBR
zoning plan 5 yrs after its implementation. They found that
fishersweregenerally unsupportiveof the zoning plan because
of their perceptions that they were not adequately consulted
during the planning process and their perceptions of a range
of impacts on their fishing business. Lédée et al. (2012) also
found that many fishers had begun to adapt to the new zoning
plan and that the extent of adaptation was related to fishers
perceptions about the impacts of the zoning plan on their
fishing activity.

Inthispaper, wereexaminecommercial fishers' responsesand
adaptationsto the 2004 GBR rezoning from asocial resilience
perspective. Our objective is to use the 2004 GBR rezoning
to gain insight into how social resilience influences
perceptions about and adaptation to real-world policy change
experienced by fishers. Based on previoustheory and research
into socia resilience, we expect that fishers who have higher
levels of socid resilience will have more positive perceptions
about the 2004 zoning plan and its long-term goals and
outcomes, will perceivelower impactsfrom the plan, and will
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Table 1. Descriptive statistics and reliability analysis for the social resilience scale for Queensland commercial fishers

Item-total o if item

Social resilience scale items (a = 0.70) Mean' SD correlation deleted

| am confident | could get work elsewhereif | needed to 314 1.35 0.43 0.66
I would be nervous trying something else * 3.05 1.36 0.38 0.67
| am more likely to adapt to change compared with other fishers | know 3.37 111 0.45 0.66
| am confident things will turn out well regardless of change 2.95 117 0.26 0.68
| have many career options available to meif | decide to no longer be afisher 2.33 117 0.47 0.65
Every time thereisanew change | plan away to make it work for me 3.59 0.89 0.23 0.69
If there are any more changes | will not survive much longer * 3.70 1.16 0.30 0.68
| can cope with small changesin the industry 347 0.94 031 0.68
| am too young to retire and too old to find work elsewhere * 341 1.28 0.46 0.65
| have planned for my financial security 3.36 1.01 0.18 0.69
| am not competitive enough to survive much longer * 2.62 1.16 0.21 0.69
| am interested in learning new skills outside of the industry 2.52 1.20 0.22 0.69

" Measured on afive-point scale with response categories ranging from (1) strongly disagree to (5) strongly agree.

*ltems subseguently reverse coded for construction of the social resilience scale.

show higher levels of adaptation to the plan than fishers with
lower levels of social resilience.

METHODS

Face-to-face interviews with commercia line, trawl, and
charter fisherswere conducted during visitsto portsalong the
GBR coast (Gladstone, Yeppoon, Mackay, Townsville,
Cairns, and Port Douglas) during 2008 and 2009. Active
fisherswere chosen from acontact database maintained by the
Fishing and Fisheries Research Centre at James Cook
University and through contacts supplied by the commercial
fishing representative body (the Queensland Seafood Industry
Association) and the state fisheries management agency
(Fisheries Queensland). Prior to port visits, arandom sample
of fisherswascontacted by telephoneand invited to participate
inthesurvey. Fisherswho agreed to parti ci patewere contacted
again during the port visit and atime and place to conduct the
survey was arranged. During port visits, the list of active
fisherswas updated with information obtained from fishersin
the area. When fishers who had agreed to participate in the
survey could not be re-contacted during the port visit,
alternative fishers were selected from the updated fisher list
and asked to participate in the survey. Intotal, 114 interviews
with active fishers were conducted (line = 53; trawl = 21;
charter = 40).

The survey instrument was developed in consultation with
active fishers and the GBRMPA. To measure fishers' social
resilience, fishers were asked to rate their level of agreement
(on afive-point scale ranging from 1=strongly disagree to 5=
strongly agree) with 12 statementsabout their perceived ability
to copewith changesinthefishingindustry (Table1; Marshall
and Marshall 2007). A social resilience (SR) score for each
fisher was derived by calculating the mean response score
across al 12 statements. Cronbach’s alpha of 0.70 indicated
an acceptable level of reliability for the 12-item SR scale
(Table 1).

Fishers were asked about their attitudes and perceptions
regarding the 2004 GBR zoning plan, the effects of the plan
ontheir fishing activity and fishing business, and their beliefs
about the zoning plan and management of the GBR. Closed-
ended, five-point response scales were used to measure
fishers' attitudes and perceptions. For analysis purposes, the
five-point scaleswere collapsed into three-point ordinal scales
by combining the two most extreme categories on each end of
thescaleinto asingle category on each end of the scal e (Jacoby
and Matell 1971).

The effects of fishers' persona and business characteristics
on fishers SR score were examined using general linear
models. Personal variablestested included: age, percentage of
household income from fishing, household size, number of
dependent children, years of experience as a commercial
fisher, house ownership (classified as renting, own outright,
or own with a mortgage), number of immediate family
membersinvolved in thefishing industry, and years of formal
education attained. Business characteristics tested included:
fishing sector (i.e, charter, line, trawl), business type
(classified as either owner-operator, license owner (non-
operator), contract skipper, or license lessee), number of
vessels operated, and target diversity. For line and trawl
fishers, target diversity wasmeasured by recording thenumber
of endorsements (i.e., permits) attached to the fisher’ slicense
(each endorsement allows the fisher to access a particular
fishery, each of which may include more than one species).
For charter fishers (who are not required to possess
endorsements), target diversity was measured by recording
the number of species that the fisher primarily targets. To
identify potential indicators of socia resilience, the
relationship between SR score and each of the 12 personal and
business characteristic variables was examined separately
using general linear models (i.e., ANOVA with Tukey’s post
hoc test for categorical variables, linear regression for
continuous variables). To identify the best predictors of social
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resilience, acombined general linear model wasestimated that
included all 12 independent variables. Non-significant (i.e., p
> 0.05) variables were then removed and the model was re-fit
to determine the most parsimonious model.

Theeffectsof SR scoreonfishers’ opinionsabout management
of the GBR, attitudes toward the 2004 zoning plan, and
perceptions of the impacts of the rezoning were tested using
proportional odds logistic regression. This method is
appropriate for an ordinal response variable when the effects
of the explanatory variable on movement between categories
of the response variable are the same across all levels of the
responsevariable (i.e., proportional oddsisassumed) (Agresti
1996). Thethree-point ordinal measuresof opinions, attitudes,
and perceptions were used as the response variables in the
analysis, and the score test was used to confirm that the
proportional odds assumptionwasmet for all models(p>0.05
for al). The effect of SR score on whether fishers applied for
compensation under the structural adjustment program was
tested using binary logistic regression. Odds ratios for aone-
unit increase in SR score are presented as measures of effect
size for al significant relationships (odds ratio for an X unit
increase in SR score = g (nleddsraticly

RESULTS

Most fishers (96%) were male, ranging in age from 23 yrsto
77 yrs (mean age = 50.5 yrs). Fishing experience ranged from
2 yrsto 48 yrs with a mean of 22 yrs. Fishing was the sole
source of household income for 70% of fishers; on average,
fishers reported that 83% of their household income comes
from fishing. Most fishers owned their own home, either with
a mortgage (47%) or outright (36%). Sixty-four percent of
fishersreported having received the equivalent of Yr 10 level
of education or less; 28% reported having received a high-
school level of education or greater. Most fishers lived in a
household with either one (47%), two (13%), or three (20%)
other people (mean household size (including thefisher) = 2.6
people). Most fishers (65%) had no dependent children under
theage of 18; 10% of fishershad one dependent child and 25%
had two or more dependent children. On average, fishers had
1.4 immediate family members involved in the fishing
industry (min=0; max =10). Seventy-ninepercent of surveyed
fishers were owner-operators of the fishing business about
which they were questioned; the remainder were either
contract skippers (12%), the license owner (5%), or leasing
thelicense (4%). Eighty-four percent of fishers operated only
one fishing vessel, and amajority of fishers reported relying
primarily on either one (26%), two (22%), or three (41%)
species/endorsements.

Average SR scorefor the sample of 114 fisherswas 2.99 (SD
= 0.56; min = 1.83; max = 4.5) out of a possible maximum of
5. When tested separately, there were significant effects of
four personal variables and two business characteristic
variables on SR score. Age, yrs of fishing experience,
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percentage of household income derived from fishing, and
number of immediate family membersinvolved in thefishing
industry had a significant negative effect on social resilience
score (Fig. 1). There was a significant effect of fishery sector
on social resilience score (F = 6.38; p = 0.002). Trawl fishers
(SR =2.64) had significantly lower social resiliencethan both
charter fishers (SR = 3.15) and line fishers (SR = 3.02) (Fig.
1). The number of species/endorsements that fisheries relied
upon had a negative effect on socia resilience (F = 2.74; p =
0.04). Fishers who relied on four or more species/
endorsements had higher social resilience (SR = 3.36) than
fishers who relied on only one species/endorsement (SR =
2.81); Fig. 1). There was no significant effect of education
level, household size, number of dependent children, home
ownership, business type, or number of primary vessels
operated on SR score. When all 12 independent variableswere
combined into a single genera linear model, only age,
experience, and percentage of income received from fishing
were significant predictors of SR score (Table 2).

Fig. 1. Significant relationships between social resilience
score and personal and fishing characteristic variables for
the sample of Queensland commercial fishers. Category
means with the same letter are significantly different (p <
0.05).

o

IS

A .
SR =3.97-0.024 x Age

r2=0.12

p=0.0002

SR =3.51-0.024 x YFE
122026
14 p<0.0001

Social Resilience Score (SR)
o
Social Resilience Score (SR)

2 LI |
SR =3.63-0.007 x PIF .

r?=0.11

p=0.0003 1

Social Resilience Score (SR)
«
Social Resilience Score (SR)

20 40 60 80 100 0 2 4 6 8 10

Percent Income from Fishing (PIF) Family Members in Fishery (FMF)

4 336

11

Number of Target Species/Endorsements

I 26420

w

Mean Social Resilience Score
H
o
~

-
Mean Social Resilience Score

Charter Line Trawl

Fishery Sector


http://www.ecologyandsociety.org/vol17/iss3/art6/

Table 2. Results of the general linear model testing the
combined effects of the eight personal and business
characteristics on Queensland commercia fishers social
resilience score. Only significant variableshave beenincluded
in the final model.t

Parameter df B SE F p
Intercept 1 4.28 0.29 213.7 <0.0001
Age 1 -0.01 0.005 425 0.04
Experience 1 -0.016 0.004 1318 0.0004
Percentage of 1 -0.005 0.004 6.12 0.02
income from

fishing

Model statistics: n = 109; F = 16.15; p <0.0001; r2= 0.32

T Non-significant variables excluded from the final model were:
education level (df = 6; F = 0.65; p = 0.69), household size (df =
1; F =0.41; p=0.52), sector (df = 2; F =1.28 ; p = 0.28), target
diversity, (df = 1; F = 2.53; p = 0.11), business type (df = 1; F =
0.18; p = 0.67), number of primary vessels operated (df = 1; F =
0.21; p = 0.65); number of family membersin the fishing industry
(df = 1; F = 3.2; p=0.08), number of dependent children (df = 1;
F =0.01; p=0.94), and home ownership (df =2; F =0.76; p=
0.46).

A majority of fishers believed that rezoning the GBRMP was
abad idea (bad idea= 55%; neutral = 10%; good idea = 35%)
and that the amount of area covered by no-take zones in the
area where they fish was too much (too much = 62%; just
enough = 23%; too little = 15%). Likewise, most fishers
reported being opposed to the zoning plan at the time of the
survey (oppose = 73%,; neutral = 6%; support = 21%). There
wasasignificant positive effect of SR score onwhether fishers
believed the rezoning was a good idea (X2 = 9.5; p = 0.002;
odds ratio = 2.96), fishers' belief that “too little” area was
covered by no take zones (x2 = 8.9; p = 0.003; odds ratio =
3.00), and fishers' support for the zoning plan (x2=5.8; p =
0.01; oddsratio = 2.56). Fishers' responsesto seven additional
statements about management of the GBR, and effect of SR
score on responses to those statements, are presented in Table
3. SR score had asignificant effect on responsesto four of the
seven statements. Fishers with higher SR scores were more
likely to believe that the rezoning plan was necessary, that
fishers were treated fairly in the rezoning process, that
commercia fishers were adequately consulted about the
zoning plan, and that the GBRMPA can be trusted to do what
is best for conservation of the GBR. There was no effect of
SR score on whether fishers believed that biodiversity
protection is the most important goal of GBR management,
whether the GBRMPA could be trusted to consider the
concerns of commercial fishers, or whether fishers were
adequately compensated for areas lost under the 2004 zoning
plan.

When asked about the overall effects of the zoning plan on
their fishing business, most fishers said it was negative

Ecology and Society 17(3): 6
http://www.ecologyandsociety.org/vol 17/iss3/art6/

(negative impact= 82%; no impact = 13%,; positive impact =
5%). There was a significant positive effect of SR score on
fishers' perceptions of the overall impact of the zoning plan
(i.e., fisherswith higher SR scoresweremorelikely toperceive
neutral or positiveimpactsfrom therezoning than werefishers
with lower SR scores; X2 = 5.3; p = 0.02; odds ratio = 2.91).
Fishers' perceptions of the specificimpacts of the zoning plan
on 11 aspectsof their fishing activity and fishing business, and
the relationship between those perceptions and SR score, are
presented in Table 4. There was a significant relationship
between SR scoreand six of the 11 perceived impacts. Fishers
with higher SR scores were less likely to perceive negative
impacts in terms of their access to productive fishing areas,
the number of fish they catch, the income they receive from
fishing, the profitability of their business, their satisfaction
with commercial fishing, and their sense of security as a
commercial fisher. There was no relationship between SR
score and perceived impacts of the zoning plan on the long-
term sustainability of the GBR or GBR fisheries, the impact
of commercial or recreational fishing on the GBR, or the size
of the fish that fishers catch.

Most fishers (62%) reported applying for compensation under
the structural adjustment plan. SR score had a significant
negative effect on the likelihood of fishers applying for
structural adjustment (odds ratio = 0.27; p = 0.0009). Most
fishers reported that they adapted their fishing activity and
fishing business either moderately well (48%) or very well
(27%) to the zoning plan in the 5 yrs after its implementation
(not well = 25%). SR score had asignificant positiveinfluence
on the degree to which fishers adapted their fishing activity
and fishing business to the new zoning plan (X2 = 15.6; p <
0.0001; oddsratio=4.04). Most fishersreported that they were
either moderately likely (34%) or very likely (47%) to till be
involved in the commercial fishing industry within 3 yrs (not
likely =19%). SR score had asignificant positiverelationship
on fishers' perceived likelihood of still being involved in the
industry in 3yrs (x2=6.77; p = 0.01; odds ratio = 2.47).

DISCUSSION AND CONCLUSIONS

We found a strong relationship between commercial fishers
SR level and their beliefs about and reaction to the 2004 GBR
zoning plan. Fishers with higher resilience were more likely
to believe that the zoning plan was necessary, more likely to
besupportive of the plan, and morelikely to have adapted their
fishing business and fishing activity to the plan than were
fishers with lower socia resilience. High-resilience fishers
were also less likely to perceive negative impacts of the plan
ontheir fishing business, lesslikely to have negative attitudes
toward the public consultation process, and lesslikely to have
applied for financial compensation under the structura
adjustment program. Resilience theory predicts that resource
users with high levels of socia resilience will have greater
capacity to cope with and adapt to adverse events that alter
their access to the resources they depend on (Marshall and
Marshall 2007, Levinetal. 1998). Previousstudieshavefound
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Table 3. Queensland commercial fishers' level of agreement with statements about management of the Great Barrier Reef, and
results of proportional oddslogistic regression model stesting the rel ationship between each statement and social resilience (SR)

SCOre.

Level of Agreement (%)

Relationship with SR score

Disagree Neutral Agree x> p Odds ratio

| trust the GBRMPA to do what is best for conservation
of the GBR 60 21 26 14.7 <0.0001 3.93
The 2004 zoning plan was necessary to maintain the
GBR in healthy condition 71 10 19 9.13 0.003 3.23
Compared with other groups, commercial fishers
received fair trestment in the 2004 rezoning process

74 11 15 6.15 0.01 2.63
Commercial fishers were adequately consulted about
the 2004 zoning plan 68 14 18 4.40 0.04 212
| trust the GBRMPA to consider the concerns of
commercial fishers when making decisions about
management of the marine park 91 5 4 131 2.25 ns
Commercial fishers were adequately compensated for
areas lost under the rezoning plan

79 13 8 253 0.11 ns
Protecting the diversity of marine life is the most
important goal of managing the GBR

15 14 71 3.30 0.07 ns

apositive relationship between social resilience and the ways
in which commercial fishers assess, appreciate, experience,
and respond to hypothetical policy change (Marshall 2007,
Marshall et a. 2009). Oursisthe first study to demonstrate a
relationship between social resilience and the way in which
commercial fishersperceiveand respond to changeeventsthat
they have experienced. These results confirm the utility of the
social resilienceconcept and measurement scale(Marshall and
Marshall 2007) for the a priori identification of fisherslikely
to bevulnerableto changesand for theidentification of fishers
who are struggling to cope with change events.

Based on these results, we hypothesize that fostering and
maintaining a high level of socia resilience among GBR
commercial fisherswould be an effective way of reducing the
social, economic, transactional, and financial costs of future
policy changes that affect fishers' access to resources. Our
results suggest that social and economic costs of policy
changes borne by individual fishers would be reduced by
maintaining high social resilience because highly resilient
fisherswill belesslikely to perceive specificimpactsof policy
change on their fishing activity and will adapt to changesin
accessto fisheriesresourcesmorerapidly. Transactional costs
of implementing new policy changewoul d bereduced because
highly resilient fishers will likely be more trusting of the
management authority and more accepting of new policies
aimed at conserving the GBR and its fisheries. Finaly, the
financial costs associated with compensating affected fishers
would be reduced because highly resilient fisherswill be less

likely to request compensation under structural adjustment
programs. Although the need to manage for the ecological
resilience of the GBR ecosystem is central to management of
the marine park (Great Barrier Reef Marine Park Authority
2009), the value of managing for the socia resilience of
resource users is not well established in GBR management.
The need for minimizing the costs of managing the GBR is
well recognized, however, and significant effort has been
expended to minimize management costs, including socia and
economic impacts on resource users (McCook et a. 2010,
Fernandes et a. 2005). We suggest that the concept of
resilience in the context of GBR management needs to be
broadened to include social dimensions, and that doing so
would not be inconsistent with current management goalsin
the GBR. Actively managing for social resilience and
incorporating into decision making knowledge about the
factors that confer or erode social resilience would aid in the
design and implementation of policies that minimize impacts
on people while enhancing the sustainability of the GBR
ecosystem (Adger 2000, Brunckhorst 2002).

Managing for resilience requires an understanding of the key
components of socia resilience, how these key components
are affected by external drivers, and how social resilience can
be fostered and sustained (Walker et al. 2002, Cinner et al.
2009). The operationalization of social resilience used in this
study was designed to measure fishers' perceptions of risk,
coping, planning/learning, and ability to adapt to change. In
other words, the key components of social resilience studied
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Table 4. Queensland commercial fishers' perceptions of the impacts of the 2004 Great Barrier Reef zoning plan on various
aspects of their fishing business and fishing activity, and results of proportional odds logistic regression models testing the

relationship between perceived impact and social resilience (SR) score.

Perceived Effect (%)

Relationship with SR score

Decreased  Noeffect  Increased X2 p Odds ratio
Access to productive fishing areas 85 12 3 7.07 0.008 3.18
Number of fish caught 61 34 5 5.72 0.02 2.37
Personal income from fishing 76 22 2 911 0.002 3.79
Fishing business profitability 82 17 1 104 0.001 5.07
Satisfaction with job as a commercial fisher 68 27 5 8.42 0.004 3.03
Sense of security as acommercial fisher 81 16 3 5.37 0.02 2.84
Long-term sustainability of GBR fisheries 41 33 26 354 0.06 ns
Long-term sustainability of the GBR 10 48 42 237 0.12 ns
Impact of commercial fishing on the GBR 34 41 25 1.29 0.26 ns
Impact of recreational fishing on the GBR 19 52 29 1.18 0.27 ns
Size of fish caught 30 64 6 1.80 0.17 ns

here are the individual’s subjective beliefs about his or her
abilities to learn, plan, manage risk, cope, and adapt, rather
than objective measures of fishers abilities on these
dimensions. Our results, along with the results of Marshall et
al. (2007), provide clear evidence that the subjective beliefs
underlying socia resilience are related to a range of
demographic and business characteristics. Marshall (2007)
also provides evidence that these subjective beliefs can be
influenced by elements of the policy development process
(that is, level of engagement in the decision-making process,
rate of implementation of policy change). Collectively, these
resultsdemonstrate that social resilienceisacomplex concept
consisting of multiplepsychological, behavioral, experiential,
social structural, and business/financial dimensions. As a
conseguence of this complexity, understanding how (or even
if) social resilience can be fostered, sustained, or enhanced
through intervention will not be an easy task. More research
is needed, particularly into the psychological and social—
psychological processes that underlie the formation,
maintenance, and erosion of individuals' subjective beliefs
about their abilitiestolearn, plan, managerisk, cope, and adapt
and into the relationship among these beliefs, individuals
capacity to act, and their patterns of coping and adaptation
behavior. Animportant question relevant to enhancing social
resilience through intervention concerns the relationship
between subjective beliefs and demographic and business
characteristic variables, i.e., can subjective beliefs about
ability to learn, plan, manage risk, cope, and adapt be atered
independently of fishers' age, experience level, occupational
attachment, business structure, etc., and if so, how can this
alteration be accomplished?

Conceptualizing socia resilience as consisting of multiple
psychological, behavioral, experiential, social structural, and
business/financial dimensions also raises the question of how
such aconcept should be measured. As discussed previously,

the operationalization of social resilience used in this study
taps into the psychological dimensions only. The reliance on
perceptions alone as ameasure of fishers' ability to copewith
and adapt to change may be problematic because other
dimensions may have different effects on coping and adapting
abilities, and because perceptions may be more easily
influenced by external variables (e.g., the policy devel opment
process; the process and experience of adapting to change,
etc.; Marshall 2007). Future studies should explore the
potential for incorporating a wider range of indicators in the
measurement of social resilience, including more objective
measuresof fishers' ability toplan, learn, reorganize, and cope
with change (e.g., education, migration history, participation
in decision making/consultation programs, etc.,[cf. Cinner et
al. 2009]) . Our results suggest a number of demographic and
business characteristic variables that could be incorporated
into measuresof social resilience(e.qg., age, fishing experience,
fishery sector, target diversity, occupationa attachment,
business size, resource dependence). However, further
research is needed to identify and test indicators and indices
that tap into and measure additional dimensions of the social
resilience concept.

A number of methodological limitations must be
acknowledged when interpreting or applying theresultsof this
study. First, we were not able to include fishers who exited
the fishing industry as a result of the rezoning. Clearly,
information about the resilience level of these fishers before
their decision to exit theindustry, their reasonsfor exiting the
industry, and their adaptation and coping strategies after
exiting would provide vauable insights into the socid
resilience concept and its relationship to adaptive behaviors.
Future studies should endeavor to identify and include
resource users who have undergone such transformational
shifts in response to policy change and determine the
relationship among social resilience, exiting decisions, and
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subsequent coping and adaptation behaviors. Second,
although we were able to show that fishers with higher
resiliencelevel swere coping better and adapting morequickly
to the rezoning, we did not collect any information on the
actual coping or adaptation strategies employed by fishers.
Therefore, our understanding of how and why higher social
resilience levels trandate into lower impacts and quicker
adaptation remains limited and requires further investigation.
Finally, our conclusion that high-resilience fishers had more
positive perceptions of the 2004 GBR zoning plan and were
better able to cope with and adapt to its impacts rests partly
on the assumption that the resilience levels of individua
fishers were similar (at |east relative to other fishers) before
and after the rezoning. It is possible, however, that fishers
experiences with the changes imposed by the zoning plan
influenced their beliefs about their ability to learn, plan,
manage risk, cope, and adapt (Marshall 2007). Because we
measured the socia resilience of fishers only after they had
experienced and begun to adapt to the changesimposed by the
zoning plan, wewere not ableto determinethe extent to which
fishers' resilienceleve following rezoning wasinfluenced by
the ways in which they were impacted by and responded to
the changesimposed by the zoning plan. Further research that
follows resource users through adaptation processes is
necessary to understand more fully the ways in which the
process of dealing with change events can enhance or erode
the socia resilience of individuals.

The importance of incorporating information about resource
users and the impacts of policy change on their values and
activities into natural resource decision making is well
established (Clay and McGoodwin 1995, Lane and
Stephenson 1995, Charles and Wilson 2009). Likewise,
resiliencetheory hasshown potential for enhancing our ability
to combine information from the social and natural sciences
in support of balancing socia costs with sustainability goals
in resource management (Berkes and Folke 1998). However,
operationalizing and applying the resilience framework and
itsvarious componentswithin anatural resource management
context remains challenging. In this paper, we used a specific
operationalization of social resilience (Marshall and Marshall
2007) to demonstrate a strong relationship between the
resilience level of commercial fishersand their perceptions of
and responses to a major change in their access to fisheries
resourcesinthe Great Barrier Reef Marine Park. We conclude
that managing for social resilience in the GBR would aid in
the design and implementation of policies that minimize the
impacts on resource users and lead to more inclusive and
sustainable management. Looking past the GBR system, our
results provide evidence in support of the argument that
strengthening capacity to manage resilience (including social
resilience) is critical for achieving positive ecological and
social outcomes from coupled social—ecological systems
(Lebel et al. 2006). The social resilience concept and
associated measurement scale provide a valuable tool for
predicting and understanding the responses of resource users
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to environmental or policy change and for enabling this
information to be incorporated into decision making.
However, our resultssuggest that further research isnecessary
to better understand the multidimensional nature of socia
resilience, how it can be operationalized and quantified, how
it can be fostered and sustained, and how it can be effectively
incorporated into resource management. Likewise, further
testing and application of the socia resilience framework
outside of the Great Barrier Reef commercial fisher contextis
recommended to determine its utility in other fisher
populations and other natural resource dependent industries.

Responsesto this article can be read online at:
http: //mwww.ecol ogyandsoci ety.org/vol 17/iss3/art6/responses/
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