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ABSTRACT

The spatial, multi-species nature of coral redfidiges makes them notoriously difficult to manadgke
have developed a simulation modeling approach tomine the effect of management options on the
recreationally important tourist destination of oo Reef in Western Australia where a recreationa
fishery targets Spangled Empertethrinus nebulosus). The approach brings a broad range of physical,
biological and socio-economic information and pesenderstanding into an integrated framework. It
also provides an effective interface with managdmdndel results show the effects of historicahiig
mortality, localized depletion of Spangled Empemond the potential effect of the sanctuary zonas th
are closed to fishing. They also show expectedeetimal catches and catch rates under different
projected management strategies and future scenagarding the evolution of the fishery. Resultsrf

the model will provide a means to assess, testuitirdately improve the effectiveness of management
and monitoring strategies in the region.

Keywords: reef line fishery, recreational fishing,management strategy evaluation, Ningaloo Marine
Park, Western Australia

INTRODUCTION

One of the big challenges for contemporary sogaiehe management of competing human uses of, and
impacts on, natural and transformed ecosystermsekting this challenge, there has been an inciglgsin
prominent role for science in providing informatiand analytical methods for supporting policy and
management decisions. This has led to a needifantists to communicate with an ever increasimgea

of stakeholders. This in turn has induced a seé&rchdecision support frameworks allowing active
participation of stakeholders (including managenegencies) and facilitating the generation of ideas
identification of problems and approaches for sgvthem, as well as anticipation of real-world irctsa
Such frameworks necessarily span diverse fieldgimgrfrom biophysical, social and economic sciences
to jurisdictional, political, institutional and magerial processes. Integrated management strategy
evaluation (MSE) frameworks have been developet siich a purpose. While they have been largely
applied to commercial fisheries (Sainsbury et @80® Mapstone et al. 2008), MSE approaches hawe onl
rarely been applied to the explicit assessment@ational fisheries management or to Marine Brede
Area (MPA) regulations (Little et al. 2007). In shpaper, we present the preliminary results of an
application of the MSE approach to the regulatiérrezreational fishing in the context of a marine
protected area.

Ningaloo Marine Park is located along the coasiVeflstern Australia. Its Commonwealth (i.e. federally
managed) component was established in 1987, wétlolbfective to protect the marine biodiversitytod t
longest fringing barrier reef in Australia, as wadl to favor the development of sustainable reiomsit
uses, education and research. Current managemgttiobs, strategies and targets for the Ningaloo
Marine Park are documented in CALM and MPRA (2009)ese address a broad range of ecological,
social and conservation issues. Measures implemhéntdude: sanctuary zoning for 34% of the park;
facilitation of comprehensive research and momprprograms; implementation of education and
information programs; regulation of recreationale u ensure sustainability; and integration of
management of the marine environment and the adgptoastal lands.
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In this paper, we focus on the management of theeational line fishery which operates within and
outside the boundaries of the Park. Recreatiorhlry is by far the main extractive activity in thark,

and as such, has the potential to be a major faffieecting the overall conservation value andmatiely,

the ecological integrity of the park. Within thark this is currently the activity most directlyntmlled

and influenced by new multiple use zoning regutetidNe present preliminary results obtained asgfart

a research project aimed at developing a modetmgdwork that integrates key ecological, social and
economic considerations for evaluation and simutatiesting of the current and potential future
management arrangements for the fishery, withinbiteader set of park management strategies. The
paper is structured as follows. In the first sattioe describe the approach taken to develop an fdSE
the Ningaloo recreational fishery for Spangled Erapé_ethrinus nebulosus), which is the main species
targeted by recreational fishers in the area, basethe ELFSim modeling platform. The second sectio
presents a description of management objectivesageament strategies and scenarios selected through
consultation with the key stakeholders involvedha regulation of this activity in the park. Preilirary
results of the simulations are illustrated in thed section, and section 4 discusses these resutts
concludes.

DEVELOPING A MSE FOR THE NINGALOO RECREATIONAL FISH ERY

Management strategy evaluation (MSE) is a prodessditempts to evaluate the effects of management
actions in a computer simulation framework so tinatle-offs can be identified among management
objectives, specified by stakeholders. MSE is caaipge rather than prescriptive, seeking to compare
likely outcomes from a range of management strategither than just prescribe an optimal strategy o

decision that should be taken under an existingiladgry framework. The approach thus uses a

simulation based framework consisting of a repriegem of the resource dynamics and exploitation,

within which management actions are implementedcamcpared.

The central part of MSE is the computer represiemtadf reality on which to impose the various
management activities including regulations, mamtpand assessment procedures. The operating model
in this study, ELFSim (Little et al. 2007), prov&léhe MSE framework to examine the trade-offs
associated with the performance of alternative mament strategies. ELFSim captures the dynamics of
the underlying resource and its exploitation.

The framework is able to deal explicitly with a ganof sources of uncertainty when showing the
consequences of alternative management stratégidsling structural and parameter uncertaintyorsrr

in data, estimation uncertainty and management é@mehtation uncertainty. Transparency and
recognition of sources of uncertainty in assestinge-offs between alternative strategies are dabém
the approach and acceptance of outcomes from stialeh.

Stakeholder engagement in MSE is essential to ¢hepgance of credible management objectives and
strategies that represent the divergent interefstheo different user groups. A key element of MSE
involves turning broad conceptual objectives intamgifiable and measurable operational management
objectives and related performance indicators. Bomahtal to this approach is the identification and
representation of stakeholder objectives. In spiegjfoperational management objectives three thémgs
needed: a performance indicator that specifiesqgtinentity of interest, a target for the performance
indicator, and a measure of tolerance or acceptdnatehe indicator must achieve, usually specifisc
probability.
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In addition, central to a MSE approach are thetifleation of management strategies and of scesario
for the resource system under consideration. |a fdper, we define a management strategy as a
deliberate existing or planned course of actioroly or more people. It may be a management syrateg
that constrains human use in order to achieve emviental, social and economic objectives. It maab
monitoring strategy (or program) designed to obseand measure the state of the ecosystem through
time and space in order to build a set of enviramale social and economic indicators. It may be a
business or private strategy aimed at achievingnbas outcomes or personal advantage. It may be a
particular set of policy instruments or governaacengements. It may also be a combination ofethes
and other types of strategies. A scenario is a tgsized future trajectory of external forces dhegithe
system itself or a computer representation (or Mooethe real system. Uncertainty in knowledge
usually leads to several alternative scenarioshefdystem, which include the natural ecosystem and
relevant components of human society. These sanegpresent alternative hypotheses about current
state of nature and how the system evolves in respto natural events and human actions.

For each combination of a strategy and scenamoM8E provides output data in the form of GIS layer
(maps and images) and indicator variables chostimstakeholders to reflect the management objextive
The display of these data may then be used to aamgad contrast similar displays for different
combinations of strategies and scenarios.

The ELFSim modeling platform

ELFSim (“Effects of Line Fishery Simulator”) wastially developed for the assessment of management
scenarios for the commercial line fishery operatinghe Great Barrier Reef of Australia (Mapstohale
2008). It includes the following key componentse(sdttle et al. 2007 for a detailed presentatiorthef
model):

. a (meta) population dynamics model of target spediat captures their full life history
(including larval dispersal, reproduction, devel@mt) and habits);

. a spatial fishing effort allocation model that eaps the exploitation pattern due to fishing
behavior;

. a management model that simulates the implementafimanagement strategies;

. an output visualization and run management toolefsy scenario testing and interpretation of
results.

The biological component permits several local pajiens of the same species. Each is associatédawit
single reef and has a specified age, sex, andssiaeture, which may be linked to other reefs thiou
larval dispersal. The number of animals settlinchegear is determined by the annual egg productian,
assumed larval distribution pattern and densityedéence in first-year survival. The biological miode
also allows for variability in natural mortality drarval survival among different reefs and at efiént
times, as well as monthly variation in the relasioip between fishing effort and fishing mortalibarval
dispersal is controlled by reef-to-reef migratioata] and a self-seeding parameter that specifies th
proportion of larvae spawned on a reef that setttes.

The model explicitly represents the spatial allmeatof fishing effort in the projection period ass
individual reefs at each monthly time step. Sevieaavest models have been developed for ELFSim (e.g
Little et al. 2004). For the application to the Bhoo Marine Park, a module was developed to sit@ula
the movement, reef selection processes, and fidttigities of both charter and individual recreatl
vessels, using an agent-based model. Agent-basddlsnattempt to determine the combined behaviour
of a collection of individuals (Uchnaaki and Grimm 1996, Grimm 1999, Lempert 2002).Hae ELFSIim
platform, the agents are vessels with heterogenguaracteristics, such as location and boat rangos f
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which they sail, and different fishing efficiencidhese agents make decisions on effort allocadtased
on rules, learn from past experiences and maynisgmation from a range of external sources.

The harvest model operates on a daily time-stelpinvédach monthly time-step at which the remainder o
ELFSim operates. Through the model effort can redpdynamically to daily changes in fishing
conditions (e.g. catch rates on individual reefs)l amanagement arrangements (e.g. area and seasonal
closures). The model incorporates progressive digtitg of historical catches, with more recent
experiences and personal information being moreoitapt than historical information or fleet-wide
experience when making decisions. Catch expectatlmrefore are specific for each vessel, for eaeh

for each month of the year; and are ‘learnt’ by fiekers or ‘forgotten’ if a reef is not visitedrfeome

time. It is assumed that at the start of each Hayvessels start from a particular port/boat ramp. (
Exmouth, Tantabiddi Creek, Coral Bay).

The model is based on the idea that fishers widkarnour to fish in locations where they would expgec
obtain the highest catch rates. At each daily ttep a decision is made of where to fish. Thisoisedby
selecting a location (reef) based on the (normdjigéstribution of expected CPUE, i.e. the prokiabif
vesseb fishing on reef, in any day is given by

pCPUEbr _Cdb,r

> pCPUE,, —cd,,

r

b,r

Where CPUE,, is the historical average CPUE experienced by boatreefr, and is calculated as

C
CPUEb,r = JCPUEb,r,exp"' Eb,r

b,r
with
CPUEb,exp is the past experienced catch rates

p is the price of fish per kg

(o is the cost of moving to fish per unit distance
d,, is the distance between the location of tand reefr,
o is the parameter used to discount past CPUE value.

Based on this formulation the vessels are congtgaio fish at locations they have fished in thet.pae
have also introduced the ability of boats to exploew fishing locations (reefs). With a 1% prokigba
vessel will choose a reef location based only atedice from port, and not on catch rate. We asshene
probability of choosing a location declines expdialy with distance from port. The probability tha
vessel will choose a reef in this manner is catedlas,
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Each vessel allocates fishing effort on a dailyebdé;’m’b,d , by selecting a location at random from either

R, with 99% probability orR, . with 1% probability. Since fishing varies from dayday, however, the
daily effort is assumed to be influenced by stotibdluctuations. Thus, an effective effol, , , is
determined as:

Er

—_— r
ymbd — €d E

y,mb.d

where &, represents the daily variability in fishing expessis a log-normal random variable

2y 2
Ed ~eN(0,£T )-0°12

,and o’ is equal to 1. This effective effort is used ticakate fishing mortalities.

ELFSim operates at a monthly time scale and eauthlation consists of two parts. In the first, the
biological component uses information from the pégischaracteristics of individual reefs to detereni

the population size (and its age-, sex- and siz&tstre) on each reef given the documented amdunt o
past fishing. In the second part, which projects thef populations forward in time, the biological
component is subjected to simulated fishing pressuhich is subject to management measures imposed
by the user. The user is then able to evaluat@wsrimanagement options by examining performance
indicators that are produced from the model.

I nfringement

Whether a reef, is open or closed to fishing by vessel-chagsdefined by its ‘management statuk”;’,
which ranges between 0 (open to fishing) and 1sédd with intermediate values representing closed
reefs that experience some level of infringemefforEassigned to reefs is calculated by multiplyihe

probability of fishing on a particular reef by (1:"). Allowance can be made for spatial (edge effects)
and temporal changes to infringement into MPASstigiet al. 2005).

Data

Biological data were obtained from Marriot et a@20{0) for growth rates, length-weight relations,
maturity, sex-change and selectivity relationshggswell as natural mortality of Spangled Emperor.

The spatial domain of Ningaloo Marine Park was igfigtsegregated into a 1x1 minute grid (Figure 1).
The spatial distribution and putative amount ofitefor Spangled Emperor, for each grid, was amssig
based on GIS intersections with mapped inter-tatabl reef habitat. The model contains 1544 sub-
populations. Although Spangled Emperor are generinsidered reef associated species, they are
assumed in the model to occur in locations othen the inter-tidal area in the marine park, wheesyt

are known to exist from fish catch records. Newadss, inter-tidal habitat is used to derive ancitr

of habitat, which determines the population cagyiapacity for each local population associatet wait

1 minute grid. For those grid cells not associatét inter-tidal habitat, an initial value for ttaenount of
habitat and carrying capacity of the local popolatis determined by selecting a value randomlyttier

ten closest inter-tidal locations.
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i
Figure 1 — Left: The spatial extent of the modeledrea, including the 1 minute
grid cells representing Lethrinum nebulosus populations, and the inter-tidal
habitat; Right: The zoning on Ningaloo Marine Park used by the management
model of ELFSIim to constrain vessels in the harvesmodel (pink: no-take
sanctuaries; green: recreational zones; grey: genakr purpose; black: special
purpose)

Since the actual unexploited state of the spesia®i known but is generally expected to be explore
through model sensitivity analysis by the user, dbtual values of the species carrying capacitthef
different local populations is less important ththa relationship among the location populations.aAs
result, in the current model the spatial distribatof the resource (Figure 1) is calculated asatfon of
inter-tidal coral reef habitat area and catch résor

Charter fishing catch and effort data were obtaiaed 5 minute spatial grid scale for the periaafr
2002 to 2006 (Dept. of Fisheries, Western Austyalidnese data were disaggregated to the 1 minute
spatial scale of the sub-populations based on mheuat of assumed habitat distributed among the 1
minute grid cells embedded in each 5 minute gritldaum. For each grid cell, catch and effort data
were hindcast linearly back to zero in 1965, tharye which fishing was assumed to have starteglfei

2). Recreational fishing catch and effort data wabtained for 5 minute blocks in 2006. These dateew
similarly disaggregated to 1 minute grid cells lshse the amount of habitat assumed to exit in ggich
cell, and hindcast linearly back to zero in 1966ntnercial catches were obtained for 1 degree blocks
from 1975 to 2005 and disaggregated to the 1 mispétial scale of the sub-populations based on the
amount of assumed habitat distributed among thénlitengrid cells. These data were also hindcast bac
to 0 in 1965 (Figure 2).
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Figure 2 - Spatially aggregated catch data, by fle@ver the historical period

These data allow the model to run historically, tadpg the spatial pattern of historical fishing.
Assuming that there was no or little fishing befd@65, and with an assumed relationship between
habitat and reef (grid cell) population size, thedel derives the state of the local reef population
2006. After 2006 the harvest model operates toeptojhe population under different management
conditions. For simulation of management strategfieslving the zoning of the marine park (Figure 1)
ELFSim prevents fishing from occurring in the patéal (sanctuary) zones in this projection periadk(p
areas Figure 1).

Table 1 - Number and distribution of fishing vessd in the harvest model, fishing in the different
fleets (charter and recreational) from different pats (boat ramps).

Fleet

Port Charter Recreational
Exmouth 8 18
Tantabiddi Creek 4 12
Coral Bay 0 10
Total 12 40

At the start of the projection period all vessdiartswith the same perceived CPUE across different
locations (reefs), based on the historical data us¢he historical period of the model. As thejpation

period in the model progresses however, these jpivos diverge under stochastic influences, and the
behaviour of individual vessels becomes conditioordrecent individual fishing experiences. For the
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current simulations, a number of vessels were w&lefor each fleet so that the aggregate effothef
vessels, each operating consistently over the gp&fia year, would match the aggregate effort itzest
actually occurred in the fishery. A distributionfathing vessels across different ports, or boatps, was
also necessary, based roughly on the calculatedt efistribution in different areas of Ningaloo Na
Park (Table 1).

MANAGEMENT OBJECTIVES, MANAGEMENT STRATEGIES AND SC ENARIOS

Identification of management objectives, managensténattegies and scenarios to be considered in the
simulation runs was carried out in consultationhwiite stakeholders involved in the regulation @& th
fishery. Five workshops were held to this intengaBly on in the process (in May, August and Septm
2006), one in November 2008 and one in March 2010.

Management objectives
The management objectives identified fall into tovoad categories of ecological and social objestive

Ecological management objectives on which stakedieldgreed pertained to:

» the capacity for spawning biomass of the targetisgeto be restored to high levels in the
sanctuaries. Quantitatively, this was taken to ymlspawning biomass above 90%, or at least
above 75%, of pre-exploitation spawning biomas$p o6 the time;

« the length distribution and the age distributiontted population in the sanctuaries, which should
approximate those of an unexploited population. r@itaively, we interpreted these objectives as
the mean of the age and length distributions ofpihieulation in the sanctuaries to be within the
tenth percentile of the unexploited values, 75%heftime;

« the status of the stock outside of the sanctuaresthe desire that it not decline below the curren
state. Quantitatively, this was taken to mean twih the spawning biomass and the biomass
available to fishers outside sanctuaries shoulgrbater than what they were in 2007, 75% of the
time;

» the status of spawning biomass at the scale ofettiee marine park. This specified that the
spawning biomass should be more than 40% of thexpitation spawning biomass, 75% of the
time.

Social objectives on which stakeholders agreedjped to:

* maintaining a good recreational fishing experieimceerms of catch rates. This was interpreted as
the total catch rate (including landed and releaseches) , CPUE, be greater in the future than the
most recent value 75% of the time;

« improving recreational fishing experience by ensurthat there should be a good chance of
catching trophy fish (considered as fish of bodg st 50cm). This was interpreted as ensuring that
each fisher would catch one trophy fish on eaqh ot that trophy fish would constitute 25% of a
fisher's catch on any given trip 75% of the time;

 reducing the variability in catch (assumed to be day-to-day variability in total catch), and the
number of days, or trips in which zero fish aregtdu Because the functional relationship between
catch and effort assumed in the model, a non-ztoot avill never result in a zero catch. Also,
because the main form of catch is weight, not numhkis possible to get catch in numbers that is
fractional, e.g. 1.5 fish. As a result we developedindicator that represents the chance of not
catching a fish, as the proportion of days or tdpsing which the average number of fish in the
catch is less than 1, 75% of the time.
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Management Strategies

Several management strategies were consideredgdimnworkshops, under current conditions. These
include:

« use the current or an increased network of madnetsaries;
« allowing or not allowing fishing to occur from sledin sanctuaries;

e maintaining the current recreational effort, orremsing it, presumably through a licensing
platform or implementing a TAC;

« implementing an educational program, which woulcekpected to reduce infringement in closed
areas, and informally reduce the bag limit throtighdevelopment of a catch and release plan;

« implementing an enforcement monitoring program hyiig a monitoring vessel patrol the coast,
to reduce fishing in the sanctuaries, and overhestof the bag limit.

Although other management options are includedhi modeling platform, such as bag limits and
minimum legal sizes, changes to these regulatiare thought to be less likely to be adopted inntbar
future, and were thus not implemented in the §iettof simulations considered here.

Scenarios

The scenarios that were thought to be likely caoontit experienced in the future included:

* environmental pressures as a result of climateggan similar global effect;

« increased fish catchability, which would resultfréechnological development;

» development of fishing effort in relation to theciease in population and economic activity
currently experienced in Western Australia;

« wider footprint of the fishery, which would resififishers moved to bigger boats, or relative costs
decreased, such that their operational range pecast increased;

* boat ramp / road upgrade, which would allow morsseés originating from Coral Bay, and thus
would be expected to have an effect on localizgdetien of the resource.

The table below illustrates a combination of mamnaget strategies and scenarios which were considered
for the presentation of preliminary simulation Hsin this paper. Across all scenarios, catchighbilias
assumed to increases by 1% a year for 10 yearspwrdll recreational fishing effort was assumed to
double, which was thought to be likely outcome undereasing mining activity in the region.

Table 2 — Combination of management strategies argtenarios tested

SQ SQ SQu SQu

Status Quo SQ

Modified Sanctuaries MS; MS, MS; MS A MSy
No inshore fishing NIF, NIF , NIF 5 NIF 5 NIF
Increased Sanctuaries [|S; IS, IS, IS ISy

Management strategies considered individually weremodification in the spatial distribution of
sanctuaries in the Park; a ban on inshore fishirthe sanctuaries; or the extension of the arexisfing
sanctuaries. Key indicators considered in thisymimko assess the capacity of Management Stratemie
achieve the objectives pursued in the fishery ihelthe spawning biomass relative to un-fished tevel
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(ecological objective), catch rates (fisher satisfm) and the probability of catching trophy fifisher
satisfaction and population structure).

SIMULATION RESULTS

Preliminary simulation results are presented iruféd3 (for each scenario and management stratetgg li
in Table 2).

----- CC ----foot prt - b ramp ----none —all
ESQENFEMS BIS

l,

0,8 1

0,6 -

SB

04 e ) 0.15 ~

0,2 1

2008 2028 2048
1,6 CC footprt bramp none all

CPUE
CPUE

o

o

CC footprt bramp none all

0.6

0.5 A

0.4

0.3 A

% Trophy catches
% Trophy catches

0 T T
2008 2028 2048

Figure 3 — Simulation results for key indicators. Dp: Spawning biomass (SB) relative to
unfished spawning biomass in open and closed areddiddle: Catch rates (CPUE) relative to

2007 catch rates; Bottom: Proportion of trophy catbes. Left quadrants: trends in the Status
Quo management strategy; Right quadrants: status othe indicators at the end of the
simulation period

CC footprt bramp none all

10
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The left quadrants illustrate the evolution over fhojection period of the key indicators selectaedhe
status quo management strategy, under the differegrtarios considered. With no new management
measures adopted, there is a decreasing long terd tn biomass which is stronger if the climate,
extended footprint and new boat ramp scenariosro€aich rates also tend to decrease throughout all
scenarios, although they do less so under the Viidéprint and the boat ramp scenarios, as thetsl en
new fishing possibilities for the fleets. Over tirtbere is also a decrease in the proportion gfhyo
catches. The results in the right quadrant illtstthe effectiveness of alternative managementesfies

at achieving the objectives pursued by the stakigns] based on the same set of indicators meaatred
the end of the simulation period. Overall, undee tcenarios considered, none of the strategies
considered manages to achieve the ecological dlgeot restoring spawning stock biomass. Increased
sanctuaries and a ban on inshore fishing prodwesttbhngest effects towards this objective, whetieas
modification of sanctuary distribution consideradhese runs performs less well. Maintaining castbs

is only achieved if none of the foreseen scenasimsurs, or if either the extended footprint of figh
scenario or the boat ramp scenario occurs. Indtterlcase, alternative management strategieseto th
status quo tend to degrade the performance of reamag towards this objective, while in the former,
they tend to improve this performance. Trophy cascis the only indicator which appears to be satisf
over the projection period, and is relatively uraféd by the scenarios or the alternative managemen
strategies.

DISCUSSION

The results reported above demonstrate both thebility and trends in depletion and recovery oty
species and, by implication, a critical componehttte Ningaloo marine ecosystem under different
management strategies and a range of bio-physicekhaman-usage scenarios. A striking feature of the
results is the relatively slow recovery of fishcite from a state of high depletion. This is theulesf the
biological parameters for the species, which ineladproductivity parameter (steepness), for theksto
recruitment relationship, which was set to 0.5.sTpgrameter usually varies between about 0.4 &t 0.
and we chose 0.5 as an approximate mid-point.

Equally revealing is the rapid human responseénhdrvest model to changes in extractive use peanit

in the marine park, and to modified fishing corali8 under the alternative scenarios considered.
Depending on the combination of scenarios andegfi@s, large differences are observed in the dpatia
distribution of fishing effort, as well as in itsanability in time. These key aspects of the resalte
currently being analyzed with the aim to identif timplications of these responses in the evaluaifo
management strategies.

Such model-based results may not only agree wittigpperceptions, but they also help to pinpoirg th
most important features of the biology and humaplatation that give rise to the changes, and how
management agencies might best set their strategi@sler to achieve their stated objectives. kesth
simulations, some management strategies clearfprperbetter than others with respect to the social
objectives pursued in the fishery, although nonaagas to improve the ecological status of the myste

Further evaluation of alternative management gresewill be pursued, to assess their capacity to
achieve the objectives which have been identifiskay via the stakeholder consultation. This will
involve testing alternative combinations of managetrapproaches, under a wide range of scenarios
regarding the conditions under which the fisherlf @iolve over the next few decades. In particues,

will examine the trade-offs between the levels hicl the threshold values for objective indicatars

set, whilst ensuring that given management streseggmain successful. Such analysis is akin to the
application of viability analysis in ecological-emmic modeling (Béné et al, 2001; Martinet et 2007;

11
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Martinet et al., 2010), and should better inforra ghakeholders involved in determining the regolketi
of recreational fishing in Ningaloo Marine Parkpabthe options they face to ensure viable manageme
strategies for reef line fishing in Ningaloo.
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