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How did a network of marine protected areas
impact adjacent fisheries? Evidence from
Australia

Rachel Nichols @, Satoshi Yamazaki® and Sarah Jennings'

Marine-protected areas (MPAs) are an effective means of improving habitat quality
and biodiversity in the world’s oceans. While the advantages of MPAs as a mechanism
for conservation and biodiversity are well established, the potential improvements to
fishery performance resulting from a network of MPAs are still being established.
Countries around the world have committed to establishing networks of MPAs within
their waters by 2020, in response to the United Nations Convention on Biological
Diversity. This, coupled with the increasing global demand for seafood and heavy
reliance on fishery resources as a source of economic development for many coastal
communities, means that an understanding of how these networks can be expected to
impact fishery performance is extremely important. We use a difference-in-difference
modelling approach to isolate the change in the fishery performance associated with
the south-east marine reserve network in Australia. We find no evidence that the
economic performance of adjacent fisheries was negatively impacted by the network.
This lack of impact is likely due to a network design explicitly intended to avoid effort
displacement in key fisheries, along with fishery management changes intended to
remove excess fishing capacity.

Key words: difference-in-differences modelling, fisheries management, marine-
protected area network, south-east marine reserve network, Southern and Eastern
Scalefish and Shark Fishery.

1. Introduction

Marine-protected areas (MPAs) are increasingly established globally in an
effort to improve habitat quality and biodiversity in the world’s oceans
(Lester et al. 2009; O’Leary et al. 2016). While the foremost reason for
establishing an MPA is the achievement of biological and conservation
outcomes (Agardy, di Sciara, and Christie 2011; Wells ez al. 2016), MPAs
are now also expected to generate benefits to various marine resource users,
including fisheries (Watson et al. 2014). Initially, promotion of MPAs as a
means to achieve improvements for both conservation and fishery outcomes
predominantly focused on isolated no-take MPAs in which no extractive
activity was permitted (Pauly ez a/. 2002; Halpern, Lester, and McLeod
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2010; Caveen et al. 2015). The benefits to fisheries stemming from these
isolated no-take MPAs is unclear (Hilborn et al. 2004; Sale et al. 2005;
Caveen et al. 2015). While some studies demonstrate increased or
unchanged catch rates after a no-take MPA is established (Kerwath et al.
2013), others suggest that, while the creation of no-take MPAs may lead to
long-term conservation and fishery improvements, there is potential for
negative short-term socio-economic consequences to fisheries (Oyafuso,
Leung, and Franklin 2019).'

The desire to minimise the trade-offs between the potentially conflicting
goals of conservation improvements and fishery benefits has led to debate
over how to design and implement protected areas which achieve
conservation outcomes, while at the same time generate benefits for
fishery resource users (Sala er al. 2002; Charles and Wilson 2009; Gaines
et al. 2010; Agardy, di Sciara, and Christie 2011; Krueck et al. 2017). The
concept of MPA networks arose in part from this desire to avoid the
trade-offs that may occur when implementing isolated, no-take MPAs.?
MPA networks are comprised of collections of individual MPAs capable
of operating synergistically, at various spatial scales and with a range of
protection levels designed to achieve objectives that a single MPA cannot
(IUCN-WCPA 2008). These networks have the potential to function
collectively to facilitate both ecosystem and fishery improvements above
those which might be expected from an isolated MPA (Roberts et al. 2001;
Gaines, Gaylord, and Largier 2003; Gaines et al. 2010; Ballantine 2014;
Horigue et al. 2015; Roberts, Valkan, and Cook 2018). Recognition that
MPA networks may more effectively and efficiently achieve conservation
and fishery objectives than isolated no-take MPAs has been reflected in
global agreements such as the Convention on Biological Diversity (CBD).
In 2011, the CBD set the Aichi Biodiversity Targets, which aim for 10%
of coastal and marine areas to be placed within networks of protected
areas by 2020 (CBD 2011). The target also expressly includes the need to
reconcile conservation of the environment with maintaining the benefits
from ecosystem services (Spalding et al.2013), of which fisheries comprise a
major part (Caveen et al. 2015). In response, there has been a global
increase in the number of MPA networks, with countries including
Australia and the United States implementing large-scale MPA networks
within their jurisdictions.

! These consequences may include fishing effort displacement (Horta e Costa et al. 2013),
increased fishing costs (Hannesson 1998) and short-term reduction in catch (Hilborn, Micheli,
and De Leo 2006). See also the extensive bioeconomic literature (Holland and Brazee 1996;
Smith and Wilen 2003; Grafton, Kompas, and Lindenmayer 2005) exploring the impacts of
no-take marine-protected areas on fisheries.

2 MPA networks are also valuable purely as a conservation tool, as they promote biological
connectivity and improved resilience to natural disasters and climate change IUCN-WCPA
2008).

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



Impact of a network of marine-protected areas 121

There is a commensurate increase in the amount of research discussing the
design of MPA networks to achieve improved conservation and fishery
outcomes (Almany et al. 2009; Rassweiler, Costello, and Siegel 2012;
Rassweiler et al. 2014; Roberts, Valkan, and Cook 2018; Smith and Anna,
2018; Rassweiler, Ojea, and Costello 2020). However, the empirical literature
evaluating the ex post impacts of an MPA network comprised of MPAs of
varying levels of protection on fisheries is relatively scarce. Previous studies
examining the effects of MPA networks for fisheries confine their examina-
tion to: networks of no-take MPAs (Gell and Roberts 2003; Hopf er al. 2016);
specific species (Williams er al. 2009; Harrison et al. 2012); fisher responses
and perceptions regarding MPA networks (Arias et al. 2015; Cabral et al.
2017; Ordonez-Gauger et al. 2018; Ayer et al. 2018); or ex ante evaluation of
the potential long- and short-term consequences of a network for fisheries
(White et al. 2013). One exception is Reimer and Haynie (2018) who provided
an ex post evaluation of the economic impacts on adjacent fisheries of MPAs,
the design of which consists of various protective measures for the
conservation of Steller sea lions in the North Pacific Ocean. Another
exception is Lynham ef al.(2020) who undertake an ex post evaluation of
catch rate impacts in the Hawaiian longline fishing fleet resulting from
expansions to U.S. National Monuments in the Pacific Ocean.

The aim of this paper was to extend the above literature by assessing
the effect of an MPA network on adjacent fisheries, taking Australia’s
south-east marine reserve network (SEMRN) as a case study. This
network was established in 2007 in the Commonwealth-managed waters
around Tasmania, South Australia, Victoria and New South Wales, in
waters shared by several Commonwealth-managed fisheries, including the
highly valuable Southern and Eastern Scalefish and Shark Fishery
(SESSF). The network was primarily established for habitat conservation,
while also forming part of a package of management changes in
Commonwealth-managed fisheries. The SEMRN was designed explicitly
to avoid negative impacts on nearby fisheries (Buxton, Haddon, and
Bradshaw 2006), and so beyond the general interest in MPA-fishery
interactions, there is specific interest in discovering whether the design of
this network was successful in its intention.

We use a panel of data comprised of three sectors and 28 species in the
SESSF with a time series of 12 years (2003-2015). We apply a difference-
in-differences (DiD) approach to isolate the effect this network had on the
performance of adjacent fisheries. The geographical location of this
network means there exists a treatment and control group of species,
making the SEMRN an appropriate and useful case study for exploring
potential fishery impacts of an MPA network. We take as our
performance indicators the catch and gross value of production (GVP)
of these species. These metrics, often driven by key commercial species
within fisheries, are a common measure of fishery performance in
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Figure 1 The Southern and Eastern Scalefish and Shark Flsher (SESSF) sectors and the
boundaries of the south-east marine reserve network (SEMRN).!*"*Drawn using ArcMap 10.7
with GIS shapefiles sourced from the Commonwealth Fisheries 2006 dataset (https://data.gov.au/da
ta/dataset/commonwealth-fisheries-2006) and the Collaborative Australian Protected Areas
Database (CAPAD) 2016 (http://www.environment.gov.au/fed/catalog/search/resource/details.pa
geuuid=%7B57645456-C5D3-483C-89F4-51A0EC6070EC%7D). [Colour figure can be viewed at
wileyonlinelibrary.com]

Australian fisheries (Flood et al. 2016) and so provide a convenient
measure of fishery performance in this context.

2. Background

2.1 The Southern and Eastern Scalefish and Shark Fishery (SESSF) and the
south-east marine reserve network (SEMRN)

The SESSF is a multispecies, multisector fishery located off the southern
coast of Australia (Figure 1). It is the largest Commonwealth-managed
fishery both in area and in volume of catch, with almost 17,000 tonnes of fish
harvested from an area almost half the size of the Australian Fishing Zone
(AFZ) in 2016/17 (Mobsby 2018).> The three sectors of the SESSF relevant
here — the Commonwealth Trawl sector, the Gillnet, Hook and Trap sector
and the Great Australian Bight sector — are managed primarily by setting
total allowable catches (TACs), with supplementary management including
seasonal and spatial closures, individual transferable quotas, gear restrictions,
limited entry and monitoring requirements.

3 This does not include catch from the East Coast Deepwater Trawl sector, which is
unreported due to confidentiality requirements.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://data.gov.au/data/dataset/commonwealth-fisheries-2006
https://data.gov.au/data/dataset/commonwealth-fisheries-2006
http://www.environment.gov.au/fed/catalog/search/resource/details.page?uuid=%257B57645456-C5D3-483C-89F4-51A0EC6070EC%257D
http://www.environment.gov.au/fed/catalog/search/resource/details.page?uuid=%257B57645456-C5D3-483C-89F4-51A0EC6070EC%257D
www.wileyonlinelibrary.com

Impact of a network of marine-protected areas 123

In late 2005, due to concerns over unsustainability and unprofitability in
Commonwealth-managed fisheries, three major initiatives were announced:
(1) a statutory direction from the Minister of Fisheries to the Australian
Fisheries Management Authority (AFMA) to recover overfished stocks and
prevent future overfishing (the introduction of a harvest strategy policy being
a core aspect of this direction), (2) a structural adjustment package to remove
excess effort from specific fisheries and (3) the introduction of an MPA
network in south-east Australia (Rayns 2007). While the harvest strategy
policy and structural adjustment package were intended as fisheries manage-
ment reform, which is the responsibility of the AFMA, the MPA network was
established and administered under the Environment Protection and Biodi-
versity Conservation (EPBC) Act 1999 and is the responsibility of the
Director of National Parks.

The SEMRN, as originally proposed by the Australian government in
December 2005, was to cover approximately 170,000 square kilometres of
ocean in the south-east region off the coasts of Tasmania, South Australia,
Victoria and New South Wales (Figure 1). This network was the first step
in creating the National Representative System of Marine Protected Areas
(NRSMPA) in the Commonwealth marine jurisdiction, which the Aus-
tralian government had committed to establishing by 2012 as part of their
commitment to the CBD. The goal of the NRSMPA has been to
contribute to the conservation and maintenance of marine ecosystems and
biodiversity in the long term, while minimising any adverse impacts on
marine users, both commercial and recreational (ANZECC-TFMPA 1998).
After the SEMRN was announced, a study was commissioned to
investigate the anticipated impact of the SEMRN to adjacent fisheries
and the socio-economic consequences to fishing communities (Buxton,
Haddon, and Bradshaw 2006). This study found that the combined effect
of the MPAs had potentially high socio-economic consequences for rural
fishing communities, due to effort displacement in the highly valuable blue-
eye trevalla, blue grenadier, scallop and tiger flathead fisheries, among
others. The study also found that the SEMRN could be redesigned to
avoid these impacts, without compromising the conservation goals of the
NRSMPA. After boundary changes and re-zoning of certain MPAs, the
SEMRN was proclaimed in June 2007. This redesigned network consists of
fourteen MPAs with varying levels of protection, covering approximately
388,464 square kilometres, or 23.7% of the south-east marine region.

Although the management plan for this network did not come into effect
until 2013, management of these MPAs in the interim was in accordance with
the EBPC Act.* The management plan made no changes to the design or
categorisation of the MPAs but formalised the monitoring and enforcement
of the network.

4 See Environment Protection and Biodiversity Conservation Regulations 2000, Schedule 8.
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3. Methods

3.1 Data

Data on the catch (in tonnes) and GVP (in 000’s nominal AUD) for
Commonwealth fisheries are drawn from the Australian fisheries statistics
reports for 2012 (Skirtun, Sahlqvist, and Vieira 2013) and 2015 (Savage 2015).
These reports provide data for eight Commonwealth fisheries and thirty-nine
species, for the financial years 2003/04 to 2014/15.% In this paper, we focus on
28 species from three sectors of the SESSF; the Commonwealth Trawl sector,
the Gillnet, Hook and Trap sector, and the Great Australian Bight sector (see
Appendix S1). Evaluating the impact of the SEMRN requires that species be
assigned into treatment and control groups, where the treatment group is
expected to have been affected by the introduction of the SEMRN, while the
control group is not. We use information regarding the boundaries of the
SEMRN (CAPAD 2008) and fishing effort location data sourced from the
Australia Bureau of Agricultural and Resource Economics and Sciences
(ABARES)® to place species within treatment and control groups.

Figure 2 (a) shows fishing effort location’ for the Commonwealth Trawl
and Gillnet, Hook and Trap sectors in 2006, the year prior to the
establishment of the SEMRN (in grey). Due to confidentiality requirements,
we are unable to access fishing effort location data for the Great Australian
Bight sector. However, the area marked with an oval shows the approximate
area where fishing effort in the Great Australian Bight sector was concentrated
in 2006 (Morison 2007). Prior to the SEMRN, fishing effort in the
Commonwealth trawl and Gillnet, Hook and Trap sectors was clustered
around the coasts of Victoria and Tasmania, while fishing effort in the Great
Australian Bight sector was isolated between the coasts of South Australia and
Western Australia. Moreover, the Great Australian Bight sector is mostly a
deepwater trawl fishery and does not overlap with other sectors either
technically or biologically (Pascoe et al. 2020). Based on the geographical
proximity of the SEMRN and the Commonwealth Trawl and Gillnet, Hook
and Trap sectors, we take these two sectors and the species caught within as
our treatment group of species, and the species caught within the Great
Australian Bight sector as our control group (see Appendix S1).

Figure 2 (b) shows similar fishing effort location for the three sectors in
2015, post-SEMRN (Patterson et al. 2016). This figure demonstrates that the
extent of any fishing effort migration is not such that treatment group became
control group, or vice versa. Given the spatial scale of the fishery and SEMRN,

5> Data available on request from the authors.

® Data on relative fishing intensity and the total area fished were supplied through private
correspondence by ABARES and were derived from fishery logbook data supplied by AFMA.

7 Unfortunately, the data do not allow us to distinguish between gear types or species,
meaning that it is not possible to identify which gear types are catching which species in which
area. The data are therefore used only to place sectors (and by extension, species) within the
treatment or control group.
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(a) 2006, pre -ISEMRN

Victoria

(b) 2015, post -SEMRN

Victoria

Figure 2 Fishing effort location in 2006 (a) and 2015 (b). Fishing effort location for the
treatment group (the Commonwealth Trawl and Gillnet, Hook and Trap sectors) is shown in
grey circles. Fishing effort location for the control group (the Great Australian Bight sector) is
concentrated in the pink shaded area. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 3 Pre- and post-treatment change in annual catch, GVP and price for each species in
the treatment and control group. CTS = Commonwealth Trawl Sector; GHTS = Gillnet,
Hook and Trap Sector; GAB = Great Australian Bight Trawl Sector.

the consistency in sector boundaries and the lack of large-scale fishing effort
migration over time, this method of determining treatment and control groups
was deemed appropriate for the purposes of this analysis. The time series is split
into pre- and post-SEMRN periods at the 2008/09 financial year, reflecting the
fact that, while the SEM RN was proclaimed in June 2007, it did not commence
until August 2007.® Assuch, the 2008/09 financial yearis the first in the time series
entirely subsequent to the SEMRN proclamation. Sensitivity of results to this
choice of post-SEMRN period is given in Section 4.2.

3.2 Data description

Using the data on the catch (in tonnes) and GVP (in 000’s nominal AUD) for
Commonwealth fisheries, we create a species-level price variable (in nominal
AUD per kg) by dividing GVP by catch to enable examination of any price
effects on GVP during the time series. Figure 3 shows the percentage change
in average catch, GVP and price between the pre- and post-SEMRN periods
for each species in the treatment and control group. Of the twenty-seven
species in the treatment group, only six species experienced an increase in
average catch in the post-SEMRN period, with gummy shark and silver
trevally in CTS increasing by over 40%. Certain species also experienced
more severe declines in catch than others. Species including blue-eye trevalla,
sawshark, jackass morwong and silver warehou all suffered a greater than
40% decline in catch in the post-SEMRN period, with orange roughy
experiencing an over 80% decline in catch.

8 Proclamation of Apollo Marine Park, https://www.legislation.gov.au/Details/
F2017C00985, retrieved 11 February 2020.
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A similar pattern is found for GVP, although not as extreme. While many
species also experienced a decline in GVP in the post-SEMRN period, twelve
species experienced an increase. For example, the GVP of gummy shark in
CTS increased by 150%, silver trevally increased by 75%, and tiger flathead
increased by 56%. While the average decline in catch for the treatment group
overall was approximately 33%, the decrease in GVP was only 3%. This was
because price increases for certain species offset the declines in catch, such
that the decline in GVP was not so pronounced. In the treatment group of
species, only one species experienced a price decrease in the post-SEMRN
period, while species including gummy shark (CTS), tiger flathead and blue
warehou (CTS) increased in price by over 65%. The average price increase for
the treatment group was approximately 23%.

Allseventeen species in the control group declined in catch, with gemfish, blue
grenadier, elephantfish and silver warehou experiencing greater than 80%
declinesin catch. Onaverage, catch declined by 53% in the control group. Again,
thereisasimilar butslightly lessextreme patternfound for GVP, where no species
experienced increases in catch in the post-SEMRN period, two species
experienced increases in GVP in the post-SEMRN period, including deepwater
flathead (21%). Like the treatment group of species, only three species
experienced price declines after the SEMRN was established, with deepwater
flathead increasing in price by 128%. Figure 3 reveals similar trends in catch,
GVPand price between the treatment and control group pre- and post-SEMRN,
and the differences in magnitude between groups do not appear to be major.
Comparing the changes between groups in this way is not enough to determine
causal impacts from the SEMRN due to confounding factors, and so we more
formally estimatean average treatmenteffect using the DiD methodology below.

3.3 Estimating the average treatment effect

The DiD approach finds the impact of a policy change by analysing
differences in a treatment group, where the treatment group is expected to
have been affected by the policy, before and after the policy change, along
with differences in a control group at matching times.” We take catch and
GVP as the outcome variables to assess the potential impact of the SEMRN for
the treatment group, which corresponds to an econometric test of whether the
policy treatment causes a change in these variables relative to the change in the
control group within the same time frame. Given Figure 3, which seems to

® The DiD approach has diverse application in economics, with the approach used to
analyse policy changes in areas such as education (Card and Krueger 1992) and health (Wing,
Simon, and Bello-Gomez 2018). The before-after control-impact (BACI) method is an
alternative methodology commonly used in the ecology literature (Sciberras et al. 2013; Kerr
et al. 2019). Both BACI and DiD are a quasi-experimental research design that is considered
one of the most rigorous ways to isolate the effect of policy changes or other human and
environmental perturbations when treatment and control groups cannot be established
through randomization (Kerr et al. 2019; Angrist and Pischke 2009). .
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suggest price movements during the time series had some compensatory effect on
GVP, wealsoinclude price as an outcome variablein these analyses, even though
price is not generally considered a performance indicator for fisheries.

To find the average treatment effect for the treatment group, we first
estimate a pure DiD model shown by equation (1) below:

Yis. = a+pPost2007, + p, Treatment; ; + 3 Post2007, x Treatment;

(D
+9t +o;+ ds + &gy

where Y;,, is the catch, GVP or price for sector i, species s and year ¢.
Post2007, and Treatment; ; are dummy variables equal to one indicating an
observation occurs after the SEMRN was implemented and that it is a
treatment species, respectively. Post2007, X Treatment;, is an interaction
variable, the coefficient of which (#3, gives the average treatment effect per
species per year in the post-SEMRN period (i.e. ‘DiD estimator’). More
precisely, the DiD estimator measures the average treatment effect as:

Py ={E[Yis.|i=treated,t = post — SEMRN| — E[Y,,|i = treated,t = pre — SEMRN]}

Average change in Y, in the treatment group

—{E[Y;s|i=control,t =post — SEMRN| — E[Y,,|i = control,t = pre — SEMRN|}

Average change in Y, in the control group

This way, the potential bias in the treatment effect estimate due to the time
effect that is unrelated to the introduction of the SEMRN is removed (Angrist
and Pischke 2009). In equation (1), year fixed effects (6,), sector fixed effects
(6;) and species fixed effects (§,) further control for all time-invariant factors
that affect both treatment and control groups. Factors controlled for by these
fixed effects include time trends related to unobserved factors (year fixed
effects), differences in efficiency of fishing gear used or in scale between sectors
(sector fixed effects) and physiological differences between species which
remain constant over time (species fixed effects).

Given the pronounced declines in catch and GVP for commercially
important species such as blue grenadier and blue-eye trevalla, which are
larger than the overall declines for the treatment group, we anticipate the
potential for heterogeneity in treatment effects between commercially
important and less important species in the treatment group (i.e. ‘heteroge-
neous treatment effects’). To explore this potential, we first identify
commercially important species based on the proportion of the value
contributed by each species to the total GVP of each sector'® (see

10 The SESSF currently uses a definition of ‘commercially valued’ species which encom-
passes primary and secondary species (Knuckey er al. 2017), with percentage contribution
(21.7%) to GVP being the primary means of distinguishing between these primary and
secondary species. In this paper, we use a stricter definition of ‘commercially important’
species, although the means of determining these species is consistent with SESSF
management.
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Figure 4 Average catch, GVP and price for the treatment and control group, 2003-2014.

Appendix S2), and then, we use a modified DiD model as shown in
equation (2) below:

Yisi=a+pPost2007,+ p, Treatment; s+ 3 Post2007, x Treatment;

+P4Cl; s+ psPost2007, x Treatment;s X Cl; s+ 0,4 06;+ 05+ Eiss @
where CI;; is a dummy variable equal to one if a treatment species is
considered commercially important. The DiD estimator, f;, is as in
equation (1) and gives the average treatment effect for the less important
species post-SEMRN. The average treatment effect for those commercially
important species in the treatment group is measured by f; + fs, with the
coefficient of the commercially important interaction variable, fs, giving the
additional treatment effect for the species deemed commercially important.
Using the estimated parameters in equations (1) and (2), we test two
hypotheses. First, we test a null hypothesis that the DiD estimator for this
model, given by fs, is zero. The null hypothesis, that there has been no effect
due to the SEMRN, is unchanged regardless of whether we account for
possible heterogeneity in treatment effects within the treatment group
(equation 2) or not (equation 1). The second hypothesis is that the coefficient
on the CI interaction variable, fs, is equal to zero, such that there is no
heterogeneity in treatment effects.

To interpret these parameters as the causal effect of MPA networks, the
DiD approach requires two assumptions: (1) the dependent variable, Y;;,,
follows a common time trend (conditional on the covariates that may lead to
different time trends) across the treatment and control groups and (2) the
composition of the treatment and control groups does not change after the
implementation of MPA networks (Cameron and Trivedi 2005). The first
assumption is required so that a deviation of the dependent variable from the
trend is attributed to the effects of MPA networks. The second assumption
rules out that the composition of the treatment and control groups is affected
by the effects of MPA networks (see Section 3.1). Figure 4 shows the average
catch, GVP and price for the treatment and control group before and after
the introduction of the SEMRN.
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Figure 4 broadly supports the assumption of a common time trend across
the treatment and control groups, although there appears to be some
divergence in catch and GVP across the time series. Other factors that may
affect our estimate include management changes, the presence of treatment
species that were subject to stock rebuilding plans and the choice of post-
SEMRN year. We examine the sensitivity of our results to these assumptions
in Section 4.2.

4. Results

4.1 Average effect of the SEMRN on the treatment group

We find no statistical evidence that the SEMRN impacted performance of
fisheries adjacent to the network (Table 1). The coefficient on the DiD
estimator indicates that in the sample, catch of the treatment group of species
was 118 tonnes lower per species per year on average, compared to catch of
the control group of species, but that this difference between groups is
statistically insignificant. The same is true of the DiD estimator for GVP and
price. The DiD estimator for GVP suggests that in the sample, the SEMRN
had a positive impact of $146,000 on the gross value of production on
average, but that this treatment effect is statistically insignificant. The
coeflicient on the price equation shows that in the sample, while the average
price in the post-SEMRN period was higher than that in the pre-SEMRN
period, the treatment effect of the SEMRN is negligible (approximately 3

Table 1 Effects of MPA networks on catch, gross value of production and price

Dependent variable

Catch GVP Price
(tonnes) ($A000) ($A/kg)
Post2007, —401** —651 1.28%*%*
(177) (476) (0.22)
Treatment, 895Kk 2197**%* 0.03
(146) (401) (0.12)
Post2007, x Treatment; -119 147 —0.03
(111) (364) (0.15)
Constant 354%%* 935 3.05%H%*
(180) (614) (0.24)
Fishery fixed effects Yes Yes Yes
Species fixed effects Yes Yes Yes
Year fixed effects Yes Yes Yes
R-squared 0.59 0.61 0.86
Number of pooled observations 522 522 519

Note: This table reports the DiD estimation results of equation (1). Heteroskedasticity-robust standard
errors in parentheses. Statistical significance at the **** 0.1% level, *** 1% level, ** 5% level and * 10%
level. Subscripts ¢, i and s denote year, fishery and species, respectively. All models use the sample period
2003-2014.
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cents per kg) and statistically insignificant. This suggests that price increases
in the time series may be attributable to something other than the SEMRN.

The coefficient of the commercially important interaction variable, fs, in
equation (2) is statistically insignificant for catch and GVP (Table 2). This
result suggests that there exists no heterogeneity in treatment effects; that is,
the catch and GVP of commercially important species were not impacted by
the SEMRN more or less than the effect observed for the less important
group of species. However, this coefficient for price is positive and statistically
significant, suggesting that the price of commercially important species
increased by 37 cents per kg on average compared to less important species
due to the SEMRN. We confirm the result for equation (1), where the
SEMRN had no significant effect on catch or GVP. The DiD estimator (f5)
for catch decreases slightly compared to equation (1), while the DiD
estimator for GVP decreases substantially. The coefficient on the dummy
variable indicating a commercially important species (CI) is positive for both
catch and GVP, suggesting that catch and GVP for commercially important
species were 187 tonnes higher and $1,618,000 higher on average than less
important species, although neither of these coefficients are statistically
significant. The highly significant coefficient for price suggests the price of
commercially important species were $1.93 per kg on average higher than less
important species.

Table 2 Heterogeneous treatment effects on commercially important species

Dependent variable

Catch GVP Price
(tonnes) ($A000) ($A/kg)
Post2007, —385%* =773 [.23%3%
(164) (476) 0.22)
Treatment; BB THAAK 2D 5THHHK 0.05
(143) (387) 0.12)
Cl; 187 1619 1.93%3**
(256) (1137) (0.23)
Post2007, x Treatment; -106 47.5 —0.06
(110) (342) (0.15)
Post2007, x Treatment; ; X CI; -126 990 0.37**
(265) (895) (0.16)
Constant 345% 1004* 3.07H%F*
(177) (605) (0.24)
Fishery fixed effects Yes Yes Yes
Species fixed effects Yes Yes Yes
Year fixed effects Yes Yes Yes
R-squared 0.59 0.61 0.86
Number of pooled observations 522 522 519

Note: This table reports the estimation results of equation (2). Heteroskedasticity-robust standard errors in
parentheses. Statistical significance at the **** 0.1% level, *** 1% level, ** 5% level, and * 10% level.
Subscripts ¢, i and s denote year, fishery and species, respectively. All models use the sample period
2003-2014.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



132 R. Nichols et al.

4.2 Sensitivity analysis

Our baseline results above show that the establishment of the SEMRN had
no meaningful impact on the performance of the adjacent SESSF sectors as
measured by changes in catch and GVP. We now examine the sensitivity of
the results in Table 1 to various model assumptions. First, the estimated
treatment effects in equation (1) may be confounded by the incidence of
fishery management changes occurring in the same time period. In November
2005, the Australian government announced the Securing Our Fishing Future
initiatives, aimed at reducing the level of fishing effort and the development of
a formal harvest strategy policy for Commonwealth fisheries. A key part of
this package was a structural adjustment package, to allow fishers to
voluntarily exit targeted fisheries and so reduce the overall level of fishing
effort through a vessel buyback scheme (Vieira 2010). The other major change
to Australian fishery management was the development of the Common-
wealth Harvest Strategy Policy in 2007 (Smith ez al. 2008; Smith ez al. 2014).
These management changes indicate an increase in the level of precaution
used when managing Commonwealth fish stocks which may confound the
effects of MPA networks (Punt 2006). All species in the sample were subject
to these management changes to varying degrees, and so it is not possible to
separate the effects of these management changes from those of MPA
networks with the current sample.!" To address the issue, the sample of
fisheries is expanded to include a larger control group of fisheries. Specifically,
the control group of fisheries for this regression are the Great Australian
Bight sector of the SESSF, the Northern Prawn Fishery, and the Eastern and
Western Tuna and Billfish Fisheries, while the treatment group of fisheries
remains unchanged (see Appendix S3). Second, the DiD estimator relies on
the assumption that the outcome variable follows a common time trend
across the treatment and control groups. For example, the estimated
treatment effect in equation (1) is not reliable if the pretreatment character-
istics, which are associated with the treatment outcome, are different between
the treatment and control groups or if the composition of the treatment and
control group is affected by the treatment (Angrist and Pischke 2009). To
account for a possible violation of these assumptions, we perform a sensitivity
analysis using Abadie (2005)’s semiparametric DiD approach, which weighs
the treatment outcome based on the propensity score (i.e. probability to be in
the treatment group), to make the common trend assumption more credible.

Third, the treatment effects of MPA networks may be overestimated if the
treatment group includes species which were subject to stock rebuilding plans
and thus the catch was lower due to constraints on the total allowable catch
independent of the SEMRN. To address the issue, we re-estimate equation (1)
where those treatment and control species under rebuilding plans during the

' These may be found by including various interaction variables controlling for species and
sector-specific effects in the regression equations, with the trade-off being a loss of statistical
power in the analyses.
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sample period (i.e. orange roughy, redfish, blue warehou, gemfish and school
shark) are removed from the sample. The final sensitivity analysis is to test
whether the baseline results are affected by the choice of the SEMRN time
period. In this regression, we use the 2007/08, instead of 2008/09, financial
year to split the sample into pre- and post-SEMRN periods given that the
SEMRN was proclaimed in June 2007.

We find overall that the baseline result, that there is no significant
treatment effect for catch or GVP resulting from the SEMRN, is robust to
these re-estimations (Table 3). When our sample is expanded to control for
fishery management changes, we observe a slightly increased negative impact
on catch within the sample (a decrease of 158 tonnes on average for the
treatment group) and a statistically insignificant and negative impact for
GVP. The coeflicient for price becomes positive and statistically significant.
When rebuilding species are removed from the sample, we see similar
treatment effects for catch, GVP and price compared to the baseline model.
As one would expect, the DiD estimator for catch decreases slightly once
these species under rebuilding plans are removed from the sample, but the
coefficient remains statistically insignificant. When the network is considered
to have been established in the 2007/08 financial year, not 2008/09, we find
near identical results for catch, GVP and price, as in the baseline model. The
only change to our baseline result comes when we re-estimate equation (1)
using Abadie (2005)’s semiparametric DiD estimator. Here, we find a
statistically significant decline in catch of 290 tonnes per species per year on
average due to the SEMRN, but no statistically significant impact on GVP.
We find a significant increase in price of $0.84 per species per year on average.

Table 3 Sensitivity of treatment effects

Catch GVP Price Number of observations
(tonnes) ($A000) ($A/kg)
(1) Baseline (Table 1) -119 147 —0.03 522
(111) (364) (0.15)
(2) Fishery management —158 —-103 1.01%*H* 679
99) (517) (0.19)
(3) Semiparametric DiD —290** 109 0.84%%%* 522
(126) (396) (0.22)
(4) Stock rebuilding plan -98.1 375 —0.11 402
(134) (439) (0.16)
(5) Post-SEMRN year -119 147 —-0.03 522

(111) (363) (0.15)

Note:: This table reports the average treatment effects and heteroskedasticity-robust standard errors in
parentheses. Statistical significance at the **** 0.1% level, *** 1% level, ** 5% level, and * 10% level. All
models use the sample period 2003-2014. In (2), the control group is expanded, and dummy variables of
the harvest strategy policy and vessel buyback schemes are included as explanatory variables. In (3),
Abadie’s (2005) semiparametric DiD estimator is used. In (4), the treatment and control species under
rebuilding plans are removed from the sample. In (5), the post-SEMRN year is changed to the 2007/2008
financial year.
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5. Discussion

MPA networks are being established worldwide in response to global
commitments to conservation targets, such as the Aichi 11 target of the
Convention on Biological Diversity. In addition to achieving conservation
benefits, it is anticipated that these MPA networks will generate benefits for
marine resource users. The increase in the number of MPA networks around
the world means that a better understanding of how these networks can be
expected to affect fishery performance is important. However, the literature
on ex post estimation of the treatment effect of MPA networks on fishery
performance is extremely scarce (Ferraro, Sanchirico, and Smith 2019). In
this paper, we explore the impacts of MPA networks on adjacent fisheries,
using Australia’s SEMRN as a case study. We use a panel of data comprised
of three sectors of the SESSF, 28 species and 12 years and apply a difference-
in-differences modelling approach to isolate the effect of this network for
adjacent fisheries.

We find no evidence that the SEMRN had any significant impact on the
economic performance of sectors within the SESSF, as indicated by the catch
and GVP within the sectors and the price of species. This conclusion is robust
to both the removal of species subject to rebuilding plans and fishery
management changes that reduced fishing effort and introduced formal
harvest strategies. One exception to this result occurs where we examine the
difference between control and treatment groups using a semiparametric
estimator. This outcome, that the SEMRN had no significant impact on
either catch or GVP in the SESSF, would tend to accord with the results from
similar studies. Lynham et al. (2020), who undertook a difference-in-
difference analysis of catch and catch per unit effort in Hawaiian fisheries
after an expansion of existing MPAs in the region, found that these
performance indicators had improved postexpansion. Similarly, Reimer and
Haynie (2018) in their analysis of the North Pacific stellar sea lion closures,
found little evidence of a decline in overall fishery performance resulting from
those closures.

There are several reasons why we would not observe any economic impact,
either positive or negative, resulting from the SEMRN. One reason is that the
SEMRN was intended to be a tool for habitat conservation, not fisheries
management and, so far as fisheries were considered in the design of the
network, the intention was to avoid negatively impacting catch in adjacent
fisheries (Buxton, Haddon, and Bradshaw 2006). This highlights the fact that,
if benefits are to accrue to fisheries from an MPA network, the design of that
network needs to explicitly aim to achieve both habitat conservation and
improved fishery outcomes (Green et al. 2014). The network also does not
appear to have led to significant fishing effort displacement, as shown by
Figure 2 above. This was likely by design and suggests that fishers were not
forced to adapt to the network by searching for new fishing grounds or fishing
differently than they were before, and so may not have incurred increased
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search times or loss of fishing effort as a result of the network. Another
reason may be that the conservation benefits anticipated from MPAs,
including enhanced biomass and density within the boundaries of both
multiuse and no-take MPAs (Sciberras et al. 2015) have not yet eventuated.
This is perhaps reflected in the total allowable catch for species within the
treatment group, which has stagnated in the post-2007 era. While the TAC
for some species has increased, the overall TAC for species within the
treatment group has been relatively stagnant, with quota latency also evident
throughout the time period (Woodhams, Vieira, and Stobutzki 2013;
Patterson et al. 2017). This suggests that increases in biomass, which should
be reflected in increases in TAC, have not yet eventuated.

Our results may be influenced by the potential impacts of climate change in
the region. The south-east of Australia is subject to an ocean warming
‘hotspot’ (Hobday et al. 2006; Hobday and Lough 2011; Hobday and Pecl
2014; Popova et al. 2016), in which ocean temperatures increase at a relatively
faster rate in response to climate change than other regions (Pecl er al.
2014)'%. There is evidence of increases in sea surface temperature and an
increase in the southward range of the East Australian current (EAC) driven
in part by climate change (Ridgway 2007), and biological responses to climate
change are likely to have occurred prior to the establishment of the SEMRN
(Hobday et al. 2006). While the impacts of ocean warming on individual
species are highly variable (Harley et al. 2006), impacts for species in the
south-east region have included changes in distribution or migration of
species (Ridgway 2007; Ling et al. 2009; Last et al. 2011). Additional impacts
may include changes in growth rates, reproductive output and an increased
susceptibility to disease (Pecl et al. 2011), all of which may contribute to
declines in catch (Brander 2007).

There are two ways in which climate change impacts may influence our
estimate of the treatment effect. The first is that, if every species in the
treatment group was negatively impacted by ocean warming after the
establishment of the SEMRN, with the control group of species unaffected
(or less affected) by ocean warming, this will be incorporated into the
treatment effect, and so the treatment effect on catch attributable to the
SEMRN will be biased downward. The second is that given the potential
effects MPAs have in hedging against the effects of climate change (Roberts
et al. 2017), it is possible that the decline in catch of species in the region
would have been greater if not for the MPA network. That is, if every species
in the treatment group was negatively impacted by ocean warming, but the
SEMRN has acted as a buffer against these adverse impacts, the treatment
effect will be understated. It is also possible that, if some species in the
treatment group were negatively influenced by ocean warming, and others

12 In Hobday and Pecl (2014), a warming threshold rate of 10% was identified, which
equates to an increase in temperature at a rate of 1.48°C per 100 years.
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positively influenced, then overall the effects of climate change may not have
a significant confounding effect on our results.

Our results also show no heterogeneity in treatment effects for either catch
or GVP between the treatment group overall and species deemed commer-
cially important. There is no indication the species which were major
contributors to GVP prior to the network were affected differently by the
establishment of the SEMRN compared to less important species. In addition
to this, the commercially important species in the treatment group identified
in the year immediately prior to the network commencing remained key
drivers of GVP in subsequent years (Appendix S2). This suggests that fishers
did not adapt their targeting behaviour in response to the network to the
extent of changing the key target species in the treatment fisheries. We do find
a statistically significant increase in the price of these commercially important
species in the post-SEMRN period which, coupled with the avoidance of any
specific negative impact on the catch of these key species, may help to explain
the lack of a significant treatment effect on GVP overall as a result of the
SEMRN. This further suggests that changes in market conditions as
demonstrated by the significant increase in price of those species in the
post-SEMRN period may have compensated for declines in catch, such that
we observe a negative treatment effect for catch in the sample, but not for
GVP.

Several caveats need to be noted when interpreting our results, and more
work is needed to further explore empirically the impact of MPA networks on
fisheries. First, an issue stemming from our choice of case study is the lack of
vessel-level location data throughout the time series for all sectors of the
SESSF. The availability of such data would have both enhanced the choice of
treatment and control species and enabled explicit analysis of change in vessel
movements or change in target species in response to the MPA network.
Given the literature on fishing effort relocation in response to MPAs, both ex
ante and ex post (Holland and Brazee 1996; Hannesson 1998; Smith and
Wilen 2003; Murawski et al. 2005), incorporating this level of data into future
analyses is of great interest and may lead to different conclusions regarding
the effects of MPA networks. Second, our modelling framework does not
include any variable other than fixed effects that explicitly control for
ecosystem changes associated with climate change. Since the effects of an
MPA network is sensitive to climate change impacts on marine ecosystems
(Brander 2007), future work to disentangle the effects of climate change from
the estimation of the average treatment effect of the MPA network would be
highly relevant. Third, data availability confines our analysis to the use of
catch and GVP as proxies for the performance of fisheries. However, there
are other possible performance indicators which could be used to indicate the
overall performance of a fishery, such as the net economic return of fisheries.
Net economic return (NER) is a performance indicator which includes costs
as well as value, and so provides an indication of the profitability of a fishery.
NER is considered a more appropriate metric to assess fishery performance
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(White et al. 2008). Future research which includes performance measures
that reflect not only changes in revenue, but also changes in costs, may yield
different results to the ones found here. Finally, while catch and GVP are
common measures of fishery performance, they are not the only consider-
ations from a fishery management perspective, which is concerned with the
wider biological and social sustainability of the resource (Anderson ez al.
2015). Incorporating a wider range of indicators when assessing the effects of
MPA networks, such as indicators for biomass and habitat health and
fishery-related employment, may lead to different conclusions concerning the
benefits derived from MPA networks.

Data availability statement

Data available on request from the authors (see footnote 5).

References

Abadie, A. (2005). Semiparametric difference-in-differences estimators, The Review of
Economic Studies 72, 1-19.

Agardy, T., di Sciara, G.N. and Christie, P.(2011). Mind the gap: Addressing the shortcomings
of marine protected areas through large scale marine spatial planning, Marine Policy 35,
226-232.

Almany, G.R., Connolly, S.R., Heath, D.D., Hogan, J.D., Jones, G.P., McCook, L.J., Mills,
M., Pressey, R.L. and Williamson, D.H. (2009). Connectivity, biodiversity conservation and
the design of marine reserve networks for coral reefs, Coral Reefs 28, 339-351.

Anderson, J.L., Anderson, C.M., Chu, J., Meredith, J., Asche, F., Sylvia, G., Smith, M.D.,
Anggraeni, D., Arthur, R., Guttormsen, A., McCluney, J.K., Ward, T., Akpalu, W., Eggert,
H., Flores, J., Freeman, M.A., Holland, D.S., Knapp, G., Kobayashi, M., Larkin, S.,
MacLauchlin, K., Schnier, K., Soboil, M., Tveteras, S., Uchida, H. and Valderrama, D.
(2015). The fishery performance indicators: a management tool for triple bottom line
outcomes, PLoS One 10, e0122809.

Angrist, J. and Pischke, J.-S. (2009). Mostly Harmless Econometrics: An Empiricist’s
Companion. in.

ANZECC-TFMPA (1998). Guidelines for Establishing the National Representative System of
Marine Protected Areas. Australian and New Zealand Environment and Conservation
Council, Task Force on Marine Protected Arcas, Environment Australia, Canberra, ACT.

Arias, A., Cinner, J.E., Jones, R.E. and Pressey, R.L. (2015). Levels and drivers of fishers’
compliance with marine protected areas, Ecology and Society 20, 19.

Ayer, A., Fulton, S., Caamal-Madrigal, J.A. and Espinoza-Tenorio, A. (2018). Halfway to
sustainability: Management lessons from community-based, marine no-take zones in the
Mexican Caribbean, Marine Policy 93, 22-30.

Ballantine, B. (2014). Fifty years on: Lessons from marine reserves in New Zealand and
principles for a worldwide network, Biological Conservation 176, 297-307.

Brander, K.M. (2007). Global fish production and climate change, Proceedings of the National
Academy of Sciences USA 104, 19709-19714.

Buxton, C., Haddon, M. and Bradshaw, M. (2006). Regional Impact Assessment for the
Marine Protected Areas proposed for the South-East Region.

Cabral, R.B., Gaines, S.D., Johnson, B.A., Bell, T.W. and White, C. (2017). Drivers of
redistribution of fishing and non-fishing effort after the implementation of a marine
protected area network, Ecological Applications 27, 416—-428.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



138 R. Nichols et al.

Cameron, A.C. and Trivedi, P.K. (2005). Microeconometrics: Methods and Applications.
Cambridge University Press, Cambridge, UK.

CAPAD (2008). Collaborative Australian Protected Area Database - CAPAD 2008 - External.
Department of Environment, Water, Heritage and Arts, Canberra, ACT.

Card, D. and Krueger, A. (1992). Does school quality matter?, Returns to education and the
characteristics of public schools in the United States. Journal of Political Economy 100, 1-40.

Caveen, A., Polunin, N., Gray, T. and Stead, S.M. (2015). The Controversy Over Marine
Protected Areas: Science Meets Policy. Springer, New York.

CBD (2011). Aichi Target 11. Decision X/2. In, edited by Secretariat of the CBD. Convention
on Biological Diversity.

Charles, A. and Wilson, L. (2009). Human dimensions of Marine Protected Areas, ICES
Journal of Marine Science 66, 6-15.

Ferraro, P.J., Sanchirico, J.N. and Smith, M.D. (2019). Causal inference in coupled human
and natural systems, Proceedings of the National Academy of Sciences USA 116, 5311-5318.

Flood, M.J., Stobutzki, 1., Andrews, J., Ashby, C., Begg, G.A., Fletcher, R., Gardner, C.,
Georgeson, L., Hansen, S., Hartmann, K., Hone, P., Larcombe, J., Maloney, L., Moore, A.,
Roach, J., Roelofs, A., Sainsbury, K., Saunders, T., Sloan, S., Smith, A.D.M., Stewart, J.,
Stewardson, C. and Wise, B.S. (2016). Multijurisdictional fisheries performance reporting:
How Australia’s nationally standardised approach to assessing stock status compares,
Fisheries Research 183, 559-573.

Gaines, S.D., Gaylord, B. and Largier, J.L. (2003). Avoiding current oversights in marine
reserve design, Ecological Applications 13, 32-46.

Gaines, S.D., White, C., Carr, M.H. and Palumbi, S.R. (2010). Designing marine reserve
networks for both conservation and fisheries management, Proceedings of the National
Academy of Sciences USA 107, 18286-18293.

Gell, F.R. and Roberts, C.M. (2003). Benefits beyond boundaries: the fishery effects of marine
reserves, Trends in Ecology & Evolution 18, 448-455.

Grafton, R.Q., Kompas, T. and Lindenmayer, D. (2005). Marine reserves with ecological
uncertainty, Bulletin of Mathematical Biology 67, 957-971.

Green, A.L., Fernandes, L., Almany, G., Abesamis, R., McLeod, E., Alifio, P.M., White,
A.T., Salm, R., Tanzer, J. and Pressey, R.L. (2014). Designing marine reserves for fisheries
management, biodiversity conservation, and climate change adaptation, Coastal Manage-
ment 42, 143-159.

Halpern, B.S., Lester, S.E. and McLeod, K.L. (2010). Placing marine protected areas onto the
ecosystem-based management seascape, Proceedings of the National Academy of Sciences
USA 107, 18312-18317.

Hannesson, R. (1998). Marine reserves: what would they accomplish?, Marine Resource
Economics 13, 159-170.

Harley, C.D.G., Randall Hughes, A., Hultgren, K.M., Miner, B.G., Sorte, C.J.B., Thornber,
C.S., Rodriguez, L.F., Tomanek, L. and Williams, S.L. (2006). The impacts of climate
change in coastal marine systems, Ecology Letters 9, 228-241.

Harrison, H.B., Williamson, D.H., Evans, R.D., Almany, G.R., Thorrold, S.R., Russ, G.R.,
Feldheim, K.A., van Herwerden, L., Planes, S., Srinivasan, M., Berumen, M.L. and Jones,
G.P. (2012). Larval export from marine reserves and the recruitment benefit for fish and
fisheries, Current Biology 22, 1023-1028.

Hilborn, R., Micheli, F. and De Leo, G.A. (2006). Integrating marine protected areas with
catch regulation, Canadian Journal of Fisheries and Aquatic Sciences 63, 642—-649.

Hilborn, R., Stokes, K., Maguire, J.-J., Smith, T., Botsford, L.W., Mangel, M., Orensanz, J.,
Parma, A., Rice, J. Bell, J., Cochrane, K.L., Garcia, S., Hall, S.J., Kirkwood, G.P.,
Sainsbury, K., Stefansson, G. and Walters, C. (2004). When can marine reserves improve
fisheries management?, Ocean & Coastal Management 47, 197-205.

Hobday, A.J. and Lough, J.M. (2011). Projected climate change in Australian marine and
freshwater environments, Marine and Freshwater Research 62, 1000-1004.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



Impact of a network of marine-protected areas 139

Hobday, A.J., Okey, T.A., Poloczanska, E.S., Kunz, T.J. and Richardson, A.J. (2006). Impacts
of Climate Change on Australian Marine Life: Part A. Executive Summary. Report to the
Australian Greenhouse Office, Canberra, ACT. September 2006.

Hobday, A.J. and Pecl, G.T. (2014). Identification of global marine hotspots: sentinels for
change and vanguards for adaptation action, Reviews in Fish Biology and Fisheries 24,
415-425.

Holland, D.S. and Brazee, R.J. (1996). Marine reserves for fisheries management, Marine
Resource Economics 11, 157-171.

Hopf, J.K., Jones, G.P., Williamson, D.H. and Connolly, S.R. (2016). Synergistic effects of
marine reserves and harvest controls on the abundance and catch dynamics of a coral reef
fishery, Current Biology 26, 1543-1548.

Horigue, V., Pressey, R.L., Mills, M., Brotankova, J., Cabral, R. and Andréfouét, S. (2015).
Benefits and challenges of scaling up expansion of marine protected area networks in the
verde island passage, Central Philippines, PLoS One 10, e0135789.

Horta e Ccosta, B., Batista, M.I., Gongalves, L., Erzini, K., Caselle, J.E., Cabral, H.N. and
Gongalves, E.J.(2013). Fishers’ Behaviour in Response to the Implementation of a Marine
Protected Area, PLoS One 8, €65057.

IUCN-WCPA (2008). Establishing Marine Protected Area Networks—Making It Happen, in
TUCN World Commission on Protected Areas (eds). National Oceanic and Atmospheric
Administration and The Nature Conservancy (118 p.). Washington, DC: IUCN-WCPA.

Kerwath, S.E., Winker, H., Gotz, A. and Attwood, C.G. (2013). Marine protected area
improves yield without disadvantaging fishers, Nature Communications 4, 2347.

Knuckey, 1., Penney, A., Haddon, M., Pascoe, S., Boag, S., Koopman, M., Corrie, D., Day,
G., Rayns, N. and Hutton, T. (2017). Strategic Review of SESSF Monitoring and
Assessment. Fisheries Research and Development Corporation Project 2014/203. 342pp.

Krueck, N.C., Ahmadia, G.N., Green, A., Jones, G.P., Possingham, H.P., Riginos, C., Treml,
E.A. and Mumby, P.J.(2017). Incorporating larval dispersal into MPA design for both
conservation and fisheries, Ecological Applications 27, 925-941.

Last, P.R., White, W.T., Gledhill, D.C., Hobday, A.J., Brown, R., Edgar, G.J. and Pecl, G.
(2011). Long-term shifts in abundance and distribution of a temperate fish fauna: a response
to climate change and fishing practices, Global Ecology and Biogeography 20, 58-72.

Lester, S.E., Halpern, B.S., Grorud-Colvert, K., Lubchenco, J., Ruttenberg, B.I., Gaines,
S.D., Airamé, S. and Warner, R.R. (2009). Biological effects within no-take marine reserves:
a global synthesis, Marine Ecology Progress Series 384, 33-46.

Ling, S.D., Johnson, C.R., Ridgway, K., Hobday, A.J. and Haddon, M. (2009). Climate-
driven range extension of a sea urchin: inferring future trends by analysis of recent
population dynamics, Global Change Biology 15, 719-731.

Lynham, J., Nikolaev, A., Raynor, J., Vilela, T. and Villasefior-Derbez, J.C. (2020). Impact of
two of the world’s largest protected areas on longline fishery catch rates, Nature
Communications 11, 979.

Milam, A., Meliane, I., Spalding, M.D., Fitzgerald, C. and Hale, L.Z. (2013). Protecting
marine spaces: global targets and changing approaches, Ocean Yearbook Online 27, 213-248.

Mobsby, D. (2018). Australian Fisheries and Aquaculture Statistics 2017, Fisheries Research and
Development Corporation project 2018-134. ABARES, Canberra, ACT, December. CC BY 4.0.

Morison, A. and Tilzey, R. (2007). Great Australian Bight Trawl Sector, in Larcombe, J. and
McLoughlin, K. (eds), Fishery Status Reports 2006: Status of Fish Stocks Managed by the
Australian Government. Bureau of Rural Sciences, Canberra, ACT, pp. 163-173.

Murawski, S.A., Wigley, S.E., Fogarty, M.J., Rago, P.J. and Mountain, D.G. (2005). Effort
distribution and catch patterns adjacent to temperate MPAs, ICES Journal of Marine
Science 62, 1150-1167.

O’Leary, B.C., Winther-Janson, M., Bainbridge, J.M., Aitken, J., Hawkins, J.P. and Roberts,
C.M. (2016). Effective coverage targets for ocean protection, Conservation Letters 9,
398-404.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



140 R. Nichols et al.

Ordofiez-Gauger, L., Richmond, L., Hackett, S. and Chen, C. (2018). It’s a trust thing:
Assessing fishermen’s perceptions of the California North Coast marine protected area
network, Ocean & Coastal Management 158, 144—153.

Oyafuso, Z.S., Leung, P.S. and Franklin, E.C. (2019). Evaluating bioeconomic tradeoffs of
fishing reserves via spatial optimization, Marine Policy 100, 163-172.

Pascoe, S., Hutton, T., Hoshino, E., Sporcic, M., Yamazaki, S. and Kompas, T. (2020).
Effectiveness of harvest strategies in achieving multiple management objectives in a multi-
species fishery, Australian Journal of Agricultural and Resource Economics (in press) 64,
700-723.

Patterson, H., Noriega, R., Georgeson, L., Larcombe, J. and Curtotti, R. (2017). Fishery
Status Reports 2017. Australian Bureau of Agricultural and Resource Economics and
Sciences, Canberra, ACT. CC BY 4.0.

Patterson, H., Noriega, R., Georgeson, L., Stobutzki, I. and Curtotti, R. (2016). Fishery Status
Reports 2016. Australian Bureau of Agricultural and Resource Economics and Sciences,
Canberra, ACT. CC BY 3.0.

Pauly, D., Christensen, V., Guénette, S., Pitcher, T.J., Rashid Sumaila, U., Walters, C.J.,
Watson, R. and Zeller, D. (2002). Towards sustainability in world fisheries, Nature 418, 689.

Pecl, G.T., Hobday, A.J., Frusher, S., Sauer, W. H.H. and Bates, A.E. (2014). Ocean warming
hotspots provide early warning laboratories for climate change impacts, Reviews in Fish
Biology and Fisheries 24, 409-413.

Pecl, G.T., Ward, T., Doubleday, Z., Clarke, S., Day, J., Dixon, C., Frusher, S., Gibbs, P.,
Hobday, A.J., Hutchinson, N., Jennings, S., Jones, K., Li, X., Spooner, D. and Stoklosa, R.
(2011). Risk Assessment of Impacts of Climate Change for Key Marine Species in South
Eastern Australia. Part 1: Fisheries and Aquaculture Risk Assessment, Fisheries Research
and Development Corporation, Project 2009/070.

Popova, E., Yool, A., Byfield, V., Cochrane, K., Coward, A.C., Salim, S.S., Gasalla, M.A.,
Henson, S.A., Hobday, A.J., Pecl, G.T., Sauer, W.H. and Roberts, M.J. (2016). From global
to regional and back again: common climate stressors of marine ecosystems relevant for
adaptation across five ocean warming hotspots, Global Change Biology 22, 2038-2053.

Punt, A.N.D.R.E.E. (2006). The FAO precautionary approach after almost 10 years: have we
progressed towards implementing simulation-tested feedback-control management systems
for fisheries management?, Natural Resource Modeling 19, 441-464.

Rassweiler, A., Costello, C., Hilborn, R. and Siegel, D.A. (2014). Integrating scientific
guidance into marine spatial planning, Proceedings of the Royal Society B: Biological
Sciences 281(1781). https://doi.org/10.1098/rspb.2013.2252

Rassweiler, A., Costello, C. and Siegel, D.A. (2012). Marine protected areas and the value of
spatially optimized fishery management, Proceedings of the National Academy of Sciences
109, 11884-1189.

Rassweiler, A., Ojea, E. and Costello, C. (2020). Strategically designed marine reserve
networks are robust to climate change driven shifts in population connectivity, Environ-
mental Research Letters 15, 34030.

Rayns, N. (2007). The Australian government’s harvest strategy policy, ICES Journal of
Marine Science 64, 596-598.

Reimer, M.N. and Haynie, A.C. (2018). Mechanisms matter for evaluating the economic
impacts of marine reserves, Journal of Environmental Economics and Management 88,
427-446.

Ridgway, K.R. (2007). Long-term trend and decadal variability of the southward penetration
of the East Australian Current, Geophysical Research Letters 34(13). https://doi.org/10.
1029/2007GL030393

Roberts, C.M., Halpern, B., Palumbi, S. and Warner, R. (2001). Designing marine reserve
networks why small, isolated protected areas are not enough, Conservation in Practice 2,
10-17.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://doi.org/10.1098/rspb.2013.2252
https://doi.org/10.1029/2007GL030393
https://doi.org/10.1029/2007GL030393

Impact of a network of marine-protected areas 141

Roberts, C.M., O’Leary, B.C., McCauley, D.J., Cury, P.M., Duarte, C.M., Lubchenco, J.,
Pauly, D., Sdenz-Arroyo, A., Sumaila, U.R., Wilson, R.W., Worm, B. and Castilla, J.C.
(2017). Marine reserves can mitigate and promote adaptation to climate change, Proceedings
of the National Academy of Sciences 114, 6167-6175.

Roberts, K.E., Valkan, R.S. and Cook, C.N. (2018). Measuring progress in marine protection:
A new set of metrics to evaluate the strength of marine protected area networks, Biological
Conservation 219, 20-27.

Sala, E., Aburto-Oropeza, O., Paredes, G., Parra, 1., Barrera, J.C. and Dayton, P.K. (2002). A
General model for designing networks of marine reserves, Science 298, 1991-1993.

Sale, P.F., Cowen, R.K., Danilowicz, B.S., Jones, G.P., Kritzer, J.P., Lindeman, K.C., Planes,
S., Polunin, N.V.C., Russ, G.R., Sadovy, Y.J. and Steneck, R.S. (2005). Critical science gaps
impede use of no-take fishery reserves, Trends in Ecology & Evolution 20, 74-80.

Savage, J. (2015). Australian Fisheries and Aquaculture Statistics 2015, Fisheries Research and
Development Corporation Project 2016-246. ABARES, Canberra, ACT, December. CC BY
3.0.

Sciberras, M., Jenkins, S.R., Mant, R., Kaiser, M.J., Hawkins, S.J. and Pullin, A.S. (2015).
Evaluating the relative conservation value of fully and partially protected marine areas, Fish
and Fisheries 16, 58-77.

Skirtun, M., Sahlqvist, P. and Vieira, S. (2013). Australian Fisheries Statistics 2012. FRDC
project 2010/208. ABARES, Canberra, ACT, November. CC BY 3.0.

Smith, J. and Anna, M.(2018). A decision tree that can address connectivity in the design of
Marine Protected Area Networks (MPAn), Marine Policy 88, 269-278.

Smith, A.D.M., Smith, D.C., Haddon, M., Knuckey, [.A., Sainsbury, K.J. and Sloan, S.R.
(2014). Implementing harvest strategies in Australia: 5 years on, ICES Journal of Marine
Science 71, 195-203.

Smith, A.D.M., Smith, D.C., Tuck, G.N., Klaer, N., Punt, A.E., Knuckey, 1., Prince, J.,
Morison, A., Kloser, R., Haddon, M., Wayte, S., Day, J., Fay, G., Pribac, F., Fuller, M.,
Taylor, B. and Richard Little, L. (2008). Experience in implementing harvest strategies in
Australia’s south-eastern fisheries, Fisheries Research 94, 373-379.

Smith, M.D. and Wilen, J.E. (2003). Economic impacts of marine reserves: the importance of
spatial behavior, Journal of Environmental Economics and Management 46, 183-206.

Vieira, S. (2010). Impact of the Structural Adjustment Package on the Profitability of
Commonwealth Fisheries (ABARES).

Watson, J.E.M., Dudley, N., Segan, D.B. and Hockings, M. (2014). The performance and
potential of protected areas, Nature 515, 67.

Wells, S., Carleton Ray, G., Gjerde, K.M., White, A.T., Muthiga, N., Creel, J.E., Bezaury,
B.D., Causey, J.M.-R., Salm, R., Gubbay, S., Kelleher, G. and Reti, J. (2016). Building the
future of MPAs — lessons from history, Aquatic Conservation: Marine and Freshwater
Ecosystems 26, 101-125.

White, C., Kendall, B.E., Gaines, S., Siegel, D.A. and Costello, C. (2008). Marine reserve
effects on fishery profit, Ecology Letters 11, 370-379.

White, J.W., Scholz, A.J., Rassweiler, A., Steinback, C., Botsford, L.W., Kruse, S., Costello,
C., Mitarai, S., Siegel, D.A., Drake, P.T. and Edwards, C.A. (2013). A comparison of
approaches used for economic analysis in marine protected area network planning in
California, Ocean & Coastal Management 74, 77-89.

Williams, 1.D., Walsh, W.J., Claisse, J.T., Tissot, B.N. and Stamoulis, K.A. (2009). Impacts of
a Hawaiian marine protected area network on the abundance and fishery sustainability of
the yellow tang, Zebrasoma flavescens, Biological Conservation 142, 1066-1073.

Wing, C., Simon, K. and Bello-Gomez, R.A. (2018). Designing difference in difference studies:
best practices for public health policy research, Annual Review of Public Health 39, 453-69.

Woodhams, J., Vieira, S. and Stobutzki, 1.(2013). Fishery Status Reports 2012. Australian
Bureau of Agricultural and Resource Economics and Sciences, Canberra, ACT.

© 2020 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/ST] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN A 0TFZT 688-L97 T/TTTT OT/I0p/L0d A8 i Akeiq 1 putjuo//Sdny woj papeojumod ‘T ‘TZ0Z ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



142 R. Nichols et al.

Supporting Information

Additional Supporting Information may be found in the online version of this
article:

Appendix S1. List of species by treatment and control groups.

Appendix S2. The proportion of value contributed by each species to total
GVP of each treatment sector in the pre- and post-SEMRN periods.

Appendix S3. List of additional control fisheries and species.
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