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ABSTRACT

Protected area coverage has reached over 15% of the global land area. However, the quality of management of the
vast majority of reserves remains unknown, and many are suspected to be “paper parks”. Moreover, the degree to
which management can be enhanced through targeted conservation projects remains broadly speculative.
Proven links between improved reserve management and the delivery of conservation outcomes are even
more elusive. In this paper we present results on how management effectiveness scores change in protected
areas receiving conservation investment, using a globally expanded database of protected area management ef-
fectiveness, focusing on the “management effectiveness tracking tool” (METT). Of 1934 protected areas with
METT data, 722 sites have at least two assessments. Mean METT scores increased in 69.5% of sites while 25.1% ex-
perienced decreases and 5.4% experienced no change over project periods (median 4 years). Low initial METT
scores and longer implementation time were both found to positively correlate with larger increases in manage-
ment effectiveness. Performance metrics related to planning and context as well as monitoring and enforcement
systems increased the most while protected area outcomes showed least improvement. Using a general linear
mixed model we tested the correlation between change in METT scores and matrices of 1) landscape and
protected area properties (i.e. topography and size), 2) human threats (i.e. road and human population density),
and 3) socio-economics (i.e. infant mortality rate). Protected areas under greater threat and larger protected
areas showed greatest improvements in METT. Our results suggest that when funding and resources are targeted
at protected areas under greater threat they have a greater impact, potentially including slowing the loss of
biodiversity.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

(Craigie et al., 2010; Laurance et al., 2012; Geldmann et al., 2013), or
increases in human-caused pressure (Geldmann et al., 2014).

Protected areas are one of the most important conservation tools for
protecting biodiversity and ecosystem services (Naidoo et al., 2006;
Rodrigues, 2006; Klein et al., 2007; Coad et al., 2008; Scharlemann
et al.,, 2010). This has led to the development of a global network of
protected areas covering more than 15.4% of the terrestrial land surface
(Juffe-Bignoli et al., 2014). Despite this extensive coverage, biodiversity
continues to decline (Butchart et al., 2010; Tittensor et al., 2014) and
protected areas are not immune to biodiversity and habitat loss
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Expanding the coverage of protected areas has been suggested as a
strategy to mitigate the present negative biodiversity trajectories (Tar-
get 11, Aichi Biodiversity Targets, Convention on Biological Diversity,
2010) and as much as a third of the total global terrestrial area is esti-
mated to be necessary to fully meet all elements of Target 11
(Butchart et al., 2015). However, coverage is only one aspect of
protected area performance and effectiveness. Protected areas need to
be managed effectively within appropriate legal frameworks and gover-
nance structures to meaningfully contribute to halting the loss of biodi-
versity (Leverington et al., 2010; Watson et al., 2014). Given declines in
biodiversity continue even within protected area boundaries (Butchart
et al., 2010; Tittensor et al., 2014) it is probable that current levels of
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management within protected areas at a global scale are insufficient to
“halt the loss of biodiversity” (Watson et al., 2014). Allocating conserva-
tion funds cost-effectively to achieve maximum conservation benefit
is therefore a key question in conservation science (Wilson et al., 2006).

Measuring whether protected area management improves over
time, as well as understanding what external factors affect the observed
changes in management, is a crucial benchmark for Aichi Target 11 and
the overall delivery of the CBD Strategic Plan (Convention on Biological
Diversity, 2010). While tools such as the World Database on Protected
Areas (WDPA) provide information on the locations, number, and size
of more than 210,000 protected areas, information on the quality of
management, or biological outcomes within the same sites is much
scarcer. Protected Area Management Effectiveness (PAME) assessments
have been used in many countries to evaluate the strengths and weak-
nesses of protected area management, and help guide improvement to
the conservation delivery of these areas (Leverington et al., 2010). The
IUCN World Commission on Protected Areas (WCPA) has developed
an evaluation framework for management effectiveness assessment
allowing specific evaluation methodologies to be designed within a
consistent overall approach (Hockings, 2003; Hockings et al., 2006). In
general, PAME assessments are conducted by one or more of: protected
area managers, government agency employees and donor institutions
including NGOs. Most PAME tools are questionnaires measuring the
management inputs, activities, and outputs associated with a conserva-
tion intervention, in order to assess management strengths, weak-
nesses, and needs (Mascia et al., 2014). Evaluation tools generally rely
on qualitative indicators to assess management success and are
therefore heavily dependent on knowledge amongst protected area
stakeholders (Cook and Hockings, 2011; Cook et al., 2014).

To date more than 18,000 PAME evaluations have been conducted
using 95 methodologies in over 9000 protected areas across 180 coun-
tries (Coad et al., accepted). These provide baseline data to evaluate
management performance and are also used as one of the indicators
for tracking international commitments to halt the loss of biodiversity
(that is, the 2020 Aichi targets inviting “...Parties to...expand and insti-
tutionalize management effectiveness assessments to work towards
assessing 60% of the total area of protected areas by 2015 using various
national and regional tools and report the results into the global
database on management effectiveness...” (CBD Aichi Targets, COP 10
Decision X/31, 19a)). This target has only been reached by 17.5% of all
countries (Coad et al., accepted).

Protected areas undergoing multiple and systematic evaluations
often represent protected areas with outside investments from donor
organizations (e.g. the World Bank, the Global Environment Facility
(GEF), WWF) or reserves where there is increased national focus on im-
proving the management and governance foundation. Additionally,
some countries, for example Australia, Colombia and South Africa,
have implemented systematic repeated PAME assessments to track
changes in management. However, the implementation of PAME evalu-
ations in itself is no panacea for improving or fully understanding
protected area delivery of ecological and social outcomes (Coad et al.,
accepted). It does however provide valuable information on the poten-
tial of protected areas to secure biodiversity and, in the absence of ap-
propriate data on the status of and trends in biological attributes, can
serve as a proxy of protected area performance (Kleiman et al., 2000;
Hockings et al., 2006). In addition, anecdotal evidence suggest that the
process of evaluation often leads to management improvements,
through protected area managers sharing information and redirecting
resources to the most serious issues.

Previous analyses have looked at the global coverage of PAME evalu-
ations (Coad et al., 2013) as well as mean management effectiveness
scores and strengths and weaknesses (Leverington et al., 2010). These
analyses address whether protected areas are being evaluated for man-
agement effectiveness and calculate average total evaluation scores, as
well as average scores for individual elements, at a global scale. While
we are aware of repeat evaluations being analyzed at agency or

protected area level in a number of cases, most of this information is un-
published, and the scarcity of repeat evaluations has meant that only lim-
ited analysis of trends in scores has so far been possible at a global scale.

Here we use one of the most widely used PAME tools; the manage-
ment effectiveness tracking tool (METT) (Stolton et al., 2007) to com-
plete a global analysis of relevance to international policy and practices.
We restrict our analysis to protected areas where METT assessments
have been conducted multiple times so that we can investigate how
management and governance change over time. We map the global
distribution of sites where METTs have been repeated and use these
sites to derive general statistics on the general direction of changes in
management, and the characteristics of countries where these assess-
ments occur. Using theories of management and governance we further
analyze which dimensions of management and governance have
changed most substantially. Finally we use a suite of globally collected
and validated contextual variables covering protected area attributes,
landscape, human pressure, and socioeconomic context to understand
what determines changes in management effectiveness.

2. Methods
2.1. The management effectiveness tracking tool

METT assessments collect information on 1) objectives, 2) threats,
3) budgets, 4) staffing, 5) size, and 6) designations of protected areas.
METT also documents the status of 30 specific management-elements
ranging from legal status, equipment, and quality of management
plans, to outreach programs and tourist facilities (Table A1). Each
METT assessment is conducted by local assessors who assign scores on
a four point scale from 0 to 3 depending on the status of the specific
management element (for example law enforcement: 0 = The staff
have no effective capacity/resources to enforce protected area
legislation and regulations, 1 = There are major deficiencies in staff ca-
pacity/resources to enforce protected area legislation and regulations
(e.g. lack of skills, no patrol budget), 2 = The staff have acceptable ca-
pacity/resources to enforce protected area legislation and regulations
but some deficiencies remain, and 3 = The staff have excellent capaci-
ty/resources to enforce protected area legislation and regulations)
(Stolton et al., 2007). Several local adaptations of the METT evaluation
exist, based on experiences and needs from protected area managers,
organizations and country officials (Coad et al., 2013).

We extracted all METT assessments from the global database on PAME
assessments (Coad et al., accepted). This database was started in 2006 as a
research project with the University of Queensland (Leverington et al.,
2008, 2010) and has been used by UNEP-World Conservation Monitoring
Centre to provide data on management effectiveness through the Biodi-
versity Indicator Partnership (Walpole et al., 2009) and as a key tool for
measuring CBD Aichi Target 11 (e.g. Tittensor et al., 2014). METT evalua-
tions originate from a range of sources, including NGOs, national govern-
ments and international agencies (e.g. WWF, the World Bank and the
GEF). From the METT assessments included in this analysis we selected
a random subset of 88 from the database for which we calculated the
error rate between the original data sheet and the database entry. We
found an error rate of 2.5% (Table A2). New METT assessments are still
being collected and entered into the database.

From all available METT assessments (n = 4748) we identified all
PAs that had multiple entries (n = 933). From these we kept only
sites with at least one year between first and last assessment. Where
more than two METT assessments existed from different years we
used the earliest and most recent to provide the greatest number of
years between assessments. Subsequently we removed all protected
areas where year of assessment was missing, or where less than 10 of
the 30 questions were answered (n = 722).

The total number of METT questions is 30, but as two questions have
been changed these 30 are not comparable over time. We removed
these two questions — leaving 28 questions for analysis. We then
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calculated a total standardized management score (TSMS) for each
protected area as follows:

n=30 .
(Zizo Score) - Questions.x

TSMS = (number of questions #0) - SCOr€max

(M

Where Questions,a is the maximum number of possible questions
included (n = 28) and Score,x is the maximum score possible from the
28 questions (n = 84). The TSMS is adjusted for the completeness of
individual assessments to avoid deflating scores where questions not
applicable to the individual protected area are missing or have been
omitted for unknown reasons. TSMS is reported on a scale of 0-100.

2.2. Grouping METT variables

We assessed the 28 questions based on six categories drawn from
established theory and dealing with different aspects of management
and governance (Table A1). We first evaluated which questions could
be attributed to either of the three of the four dimensions within the
common pool resource framework included in the METT: 1) decision
making arrangements, 2) resource use rights, and 3) monitoring and
enforcement systems (Ostrom, 1990, 2009). Subsequently we used
the IUCN World Commission on Protected Areas (WCPA) frameworks
for management effectiveness covering: 1) design and planning, 2) ap-
propriateness of management systems and processes, and 3) delivery of
protected area objectives (Hockings, 2003; Hockings et al., 2006). These
categories represent different aspects and successive steps in the man-
agement cycle and are all crucial in achieving effectively managed
protected area. Visitor facilities (question 24) and fees (question 26)
were excluded as these did not fit the framework. This division of
questions in to overall theoretically recognized units allows us to sepa-
rate elements of management to investigate how these differ in speed
and success of implementation over time.

2.3. Contextual variables

To understand under what circumstances METT scores changed
we compiled independent spatially explicit variables across four do-
mains: 1) protected area attributes, 2) landscape, 3) human pres-
sure, and 4) socioeconomic context. In total eight variables were
used in the modeling: 1) the size of the protected areas (IUCN and
UNEP-WCMC, 2014), 2) mean elevation and 3) median slope from
SRTM v.4 (Jarvis et al., 2008), 4) mean human influence index (HII)
from the human footprint (Sanderson et al., 2002), 5) density of
roads in a 10 km buffer around the protected areas from gRoads
(Center for International Earth Science Information Network,
2013), 6) human population density from the Global Rural-Urban
Mapping Project, Version 1 (GRUMPv1) in a 10 km buffer around
the protected area (Center for International Earth Science
Information Network - CIESIN - Columbia University et al., 2011),
7) infant mortality rate in a 10 km buffer around the protected
area, and 8) the national Human Development Index (HDI).

2.4. Statistical analysis

All analyses were conducted in R 3.20.1 (R Development Core Team,
2015). Paired Students t-tests were used to compare the difference in
accumulated METT scores between the first and last evaluation for
each site, as well as the difference between individual questions. A
general linear model (GLM) was used to investigate the correlation be-
tween the difference in accumulated METT scores between the first and
last assessment for each site, and the length of time in years between
the first and last assessment. To account for the fact that initially well
managed protected areas can increase less than initially poorly
managed protected area; changes in METT scores for individual

questions and the six management dimensions were standardized
based on the initial METT scores:

. TSMS;_; —TSMS;_o
Standardized change = “100—TSMS, , 100 (2)
Where TSMS; — ; is the final score and TSMS; — ¢ the initial score. A lin-
ear mixed effects model (GLMM) assuming a Gaussian error distribution
was used to investigate the correlation between changes in METT scores
and the chosen contextual variables, with country ID as a random factor.
Independent variables were transformed based on a Box Cox power test
(Fig. A3). All independent variables were standardized by subtracting
the mean and dividing by the standard deviation to make effect sizes
comparable. We assessed the collinearity between all independent vari-
ables and only used variables in combination without significant inter-
correlation. Where variables were inter-correlated we used the variable
with the best fit based on univariate models. The initial TSMS of each
protected area as well as the number of years between first and last as-
sessment were included in the model to account for the duration as
well as the potential larger increase in protected areas with initially
lower scores. Substituting one collinear variable for another did not
change the overall direction or magnitude of the model. However, a step-
wise reduction, removing all non-significant terms was conducted, show-
ing no change in direction or magnitude of significant variables between
the two models (Table A6).

3. Results

Multiple METT assessments were available for 722 protected areas
from 74 countries (Fig. 1, Table A3). Of these, 502 (69.5%) experienced
improvements in the total METT score while 181 (25.1%) experienced
decreases and 39 (5.4%) experienced no change. The mean duration be-
tween first and last assessment was 4.46 years (S.E. = 0.08 years,
median = 4 years). There was a significant increase (t = 8.8, p <
0.0001) in overall scores (TSMS) between first (mean = 46.10, S.E. =
0.66) and last (mean = 54.66, S.E. = 0.66) assessment for the entire
METT portfolio.

When individual METT questions were grouped based on manage-
ment (Hockings, 2003; Hockings et al., 2006) and governance
(Ostrom, 1990, 2009); dimensions related to initial steps in protected
area establishment (i.e. designs and planning and resource user rights)
increased the most, followed by aspects often requiring more time to
implement (i.e. improving monitoring, enforcements, and management
processes). Delivery of protected area objectives increased the least, and
improvements were primarily driven by improved educational and
outreach activities rather than improved conservation outcomes (Fig. 2).

For the individual questions the mean score improved significantly
in 27 of 28 questions. The exception was the indicator on condition
assessment (e.g. the state of biodiversity, question 27) (Table A4). The
greatest improvements were observed for legal gazettement (question
1) followed by the adequacy of management plans (question 7),
protected area boundaries (question 6), protected area objectives
(question 4), and protected area regulation (question 2) (Fig. 3). We
found a significant negative correlation between starting score and
change in scores, so that protected areas with a lower initial score
were significantly more likely to increase (Fig. A2).

To test whether increased time between assessments resulted in
greater improvements in management and governance scores we
examined the correlation between change in total score and years be-
tween the first and last METT assessment. There was a highly significant
positive effect of time, measured in years, (t = 5.469, p < 0.001), which
varied across governance and management dimensions. Decision mak-
ing arrangements as well as design and planning showed the greatest
improvements, while delivery of protected area objectives showed the
smallest effect of implementation time (Fig. 4). For all six dimensions
considerable variation was observed.
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Fig. 1. The 575 protected areas in the WDPA for which multiple METT assessments existed. Ascending darker colors show the number of repeated METT assessments in individual coun-
tries. White are countries for which no repeated METT assessments existed. For full details on individual countries see Table A3.

As changes in management effectiveness are not independent of ex-
ternal factors we tested correlation between changes in scores and nine
factors covering protected area characteristics, human pressures, and
socio-economic factors. The full model, after removing collinear vari-
ables, contained 1) mean elevation, 2) roads density in the buffer,
3) human population density in the buffer, 4) the size of the protected
area, 5) local infant mortality rate as well as 6) the initial METT score
of the protected area and 7) the time in years between first and last
assessment (Table 1).

The initial score had a small negative effect, while increased time
between first and last assessment, the size of the protected areas and
surrounding human population density positively affected the change
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Fig. 2. Mean score change for the combined assessment and each of the six elements from
the first and last assessment at a reserve. The error bars are standard error. All scales have
been normalized to reflect a possible score between 0 and 100 for each element. Scores are
normalized based on the mean starting value of the category. Black is the mean overall
score for all 28 questions, light gray colors indicate governance dimensions and dark
gray indicates management dimensions.

in score. Infant mortality rate, road density and the elevation of the
protected area had no effect in our model (Fig. 5).

4. Discussion
4.1. A progression in interventions

The observed patterns of improvements follow general manage-
ment theory, where the project management cycle begins with an initial
conceptualization phase, followed by planning, implementation, analy-
sis and adaptation, and learning (Conservation Measures Partnership,
2007) leading to hypothesized causal chain of events where project or
program inputs increase, this results in activities, outputs, outcomes,
and impacts (Kellogg Foundation W.K., 2004). Changes across the
three dimensions of management (Hockings et al., 2003, 2006) and
three dimensions of governance (Ostrom, 1990, 2009) suggest a similar
progression. The largest increases in scores were observed in elements
of context and planning, as well as the establishment of formal resource
user rights around the protected area. These were followed by smaller
improvements in elements related to enforcement and monitoring
relaying on increased staffing capacity, equipment, and education.
Elements related to stakeholder involvements (decision making ar-
rangements) as well as improvements in actual conservation outcomes
changed the least.

We found no significant change in the score for biological outcomes
(question 27), as measured by the METT between the first and last as-
sessment. While this is potentially of concern, it is important to high-
light that the METT assessment is primarily a tool for capturing
processes and inputs, rather than outcomes (Mascia et al., 2014) Biolog-
ical outcomes has only one question in the METT and this is unlikely to
capture the complexity of assessing ecological condition in a protected
area. Further, change in biological indices generally occurs over longer
time than the 2-8 years sample period we have for most sampled
protected areas (Mace et al., 2010). To fully evaluate progress towards
outcomes and objectives, it requires independent measures such as re-
motely sensed land cover change or changes in species abundance
should be collected and used as part of the evaluation process (Nolte
and Agrawal, 2013; Carranza et al,, 2014; Henschel et al., 2014). In addi-
tion, increased information on outcomes collected through improved
monitoring and an increased focus on evaluation may lead to decreased
scores over time, as the poor state of biodiversity becomes more
apparent to assessors.
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Fig. 3. Standardized mean change in scores between first and last assessment from the individual questions ranked by the amount of change (bottom axis). Diamonds show the mean
initial TSMS value for the individual question (top axis). Numbers in parentheses represent the question number as they appear in the METT score card v. 1. Questions 13 and 28 were
not kept in the updated version of the METT. As a consequence these could not be analyzed and are not shown on the figure. Error bars are based on the standard error.

4.2. What determines change?

Protected area size had a significant correlation with increases in
management effectiveness scores. Similar patterns have been found
both for terrestrial (Struhsaker et al., 2005; Joppa and Pfaff, 2011) and
marine protected areas (Edgar et al., 2014). However whether available
resources are better invested in larger protected areas, often located in
remote areas (Joppa and Pfaff, 2009) is a heated discussion. Larger
protected areas have a proportionately smaller edge to pressures and
through their remote location often result in relatively intact biodiversi-
ty values (Mittermeier et al., 2003) making them attractive for further

conservation investment. However, large and remote protected areas
often experience little pressure, protected or not (Joppa and Pfaff,
2011) suggesting resources may be better invested in smaller protected
areas which would otherwise experience greater biodiversity loss
(Craigie et al., 2014).

We found a significant positive correlation between local human
population density and changes in management effectiveness
scores. This effect remained when substituting population density
with the human footprint HII (Sanderson et al., 2002). This pattern is
perhaps not surprising. Greater human density works as an increased
pressure on biodiversity, suggesting a higher need for protected area
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Fig. 4. Change over time for the total score and the six categories. All categories increased statistically significant with time. The horizontal line shows the median increase. The bottom and
top of the box show the 25th and 75th percentiles, respectively. The top and bottom of the bars mark the maximum and minimum values.

management inputs. At the same time, resources to improve manage- which are used and valued by people. Finally, protected areas with
ment effectiveness may very likely be directed towards highly populat- high surrounding populations often contain exceptionally rich biodiver-
ed areas, to improve management effectiveness in protected areas sity (Balmford et al., 2001), thus making them obvious targets for
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Table 1
Model output from the best fit general linear model testing for the impact of contextual
variables on the scores changes in METT assessments over time.

Variable Estimate S.E. t-value

Intercept 33.102 4.123 8.029
Log mean elevation 0.637 0.990 0.644
Log density of roads (10 km buffer) 0.665 0.549 1.211
Log mean population density (10 km buffer) 2438 0.692 3.521
Log of protected area size 1.051 0.363 2.890
Log infant mortality rate (10 km buffer) 0.080 2.685 0.030
Initial score —0.467 0.037 —12.661
Years between first and last assessment 1.359 0.276 4931

improved management effectiveness by conservation donors and na-
tional governments. However with funding for conservation being
much lower than required (Waldron et al., 2013) prioritization is vital
to optimize the return on investment (Wilson et al., 2006).

This study alone does not demonstrate whether improved scores in
management effectiveness evaluations truly reflect an improvement in
protected area effectiveness in conserving biodiversity. However
improvement in management effectiveness is vital in ensuring that
protected areas can adapt to new situations and is capable of addressing
pressures and threats more effectively in the long term.

4.3. Validity of METT scores

In our sample of protected areas, METT scores generally improved
over time, both looking at the overall performance of protected areas
as well as the different dimensions of management (Hockings, 2003;
Hockings et al., 2006) and governance (Ostrom, 1990; Ostrom et al.,
1999). This is what would be expected in protected areas receiving
donor support given that 1) the time between first and last evaluation
represents a monetary and resource investment in management activi-
ties and possibly 2) the evaluations are conducted on site often by peo-
ple who are dependent on showing improvements to secure further
resources. There have long been concerns that the identity of the
METT assessor significantly influences evaluation scores, and hence
the suitability of METT evaluations for impact assessment (Coad et al.,
accepted). However, some of the findings of this study suggest that
despite these potential biases, METT score do provide a useful reflection
of management realities. First, accumulated scores were significantly
correlated with the time between the first and the last assessment sug-
gesting implementation time positively affects changes in METT. This
result would be expected if improvements in METT scores reflected
true improvements. Second, 30.5% of the protected areas experienced
no change, or even declines, in overall scores, which is a considerable

Initial score o
Years between L e

Infant mortality rate

PA size e
Roads
Human population density -
Elevation +
[ T ; T T 1
-4 -2 0 2 4 6

Fig. 5. Standardized regression estimates from best fit model. Diamonds indicate the mean
effect size. The thick and thin lines represent the inner and outer 95% confidence interval
respectively. Variables where the thick lines do not intersect the y-axis are significant. The
mean effect size of HDI, roads and the intercept are not displayed as these are much larger
and not significant.

proportion had there been systematic manipulation of scores. Although
the above does not represent definitive causal evidence that scores are
not manipulated, it does suggest that at least some of the observed
changes can be attributable to actual changes in management effective-
ness on the ground. This finding is also supported by previous studies
looking at national level changes in governance across 41 countries
(Dearden et al., 2005).

Our results are encouraging, suggesting that adaptive processes in
the protected areas may be leading to improved management and
that funding and resources are targeted at protected areas under greater
threat where they will likely have a greater impact. However, this is at
best a proxy for the true objective of protected areas: to assist in halting
the loss of biodiversity. To understand whether protected areas are truly
effective we need to understand whether they are maintaining species
and habitats and how improved management effectiveness contributes
towards this end.
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