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a b s t r a c t

Protected area management effectiveness (PAME) evaluation is increasingly undertaken to evaluate
governance, assess conservation outcomes and inform evidence-based management of protected areas
(PAs). Within PAME, quantitative approaches to assess biodiversity outcomes are now emerging, where
biological monitoring data are directly assessed against quantitative (numerically defined) condition
categories (termed quantitative condition assessments). However, more commonly qualitative condition
assessments are employed in PAME, which use descriptive condition categories and are evaluated largely
with expert judgement that can be subject to a range of biases, such as linguistic uncertainty and
overconfidence. Despite the benefits of increased transparency and repeatability of evaluations, quan-
titative condition assessments are rarely used in PAME. To understand why, we interviewed practitioners
from all Australian marine protected area (MPA) networks, which have access to long-term biological
monitoring data and are developing or conducting PAME evaluations. Our research revealed that there is
a desire within management agencies to implement quantitative condition assessment of biodiversity
outcomes in Australian MPAs. However, practitioners report many challenges in transitioning from un-
dertaking qualitative to quantitative condition assessments of biodiversity outcomes, which are
hampering progress. Challenges include a lack of agency capacity (staff numbers and money), knowledge
gaps, and diminishing public and political support for PAs. We point to opportunities to target strategies
that will assist agencies overcome these challenges, including new decision support tools, approaches to
better finance conservation efforts, and to promote more management relevant science. While a single
solution is unlikely to achieve full evidence-based conservation, we suggest ways for agencies to target
strategies and advance PAME evaluations toward best practice.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

As the establishment of protected areas (PA) continues to grow
to meet international targets (CBD, 2011), conservation manage-
ment agencies are tasked with evaluating their management
effectiveness to ensure they achieve the best conservation out-
comes (Coad et al., 2015). To assist conservation practitioners in
doing this, the International Union for the Conservation of Nature
(IUCN) recommended a six-step process to evaluate protected area
ent of Zoology, University of
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management effectiveness (PAME; Hockings et al., 2006). PAME
evaluation encourages the routine assessment of the entire man-
agement process, from documenting the PA management context
and planning, accounting for the allocation of resources (inputs) and
management actions undertaken (process and outputs), through to
measuring conservation outcomes. By routinely assessing the entire
management process, PAME evaluation promotes evidence-based
conservation management of PAs, and the public reporting of
PAME results helps provide transparency for reporting progress
towards conservation objectives (Hockings et al., 2006; Leverington
et al., 2010).

Since the release of the IUCN's PAME guidelines, PAME evalua-
tion has been undertaken in more than 100 countries (Leverington
et al., 2010). PAME evaluation methodologies involve assessments
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of indicators for each of the six elements of the management pro-
cess undertaken by staff responsible for PA management (Coad
et al., 2015; Leverington et al., 2010). Typically, PAME evaluation
tools are questionnaire-based that require staff to use the best
available evidence and their expert judgement to assess manage-
ment effectiveness (e.g., CMP, 2013; Ervin, 2003; Stolton et al.,
2007). For some aspects of management, qualitative data are
most appropriate (e.g., assessing stakeholder engagement), but for
other aspects (e.g., measuring ecological condition) quantitative
data sourced from monitoring or research are considered most
appropriate to support robust evaluations (Hockings et al., 2009).

Outcome assessments within PAME involve evaluating the
condition of environmental (e.g., biological or physiochemical) in-
dicators to determine whether conservation outcomes are being
achieved or if management should be adapted (Hockings et al.,
2006). This requires an assessment of environmental indicators
(e.g., the abundance of a threatened species) against condition
categories (e.g., “poor”, “moderate” or “good”). In line with the
assessments of other aspects of management, conservation out-
comes are typically assessed using expert judgement, requiring
staff to judge the condition of environmental indicators against
generic statements of environmental condition, supported by
available evidence (Fig. 1a; hereafter qualitative condition
assessment).

Emerging approaches involve defining condition according to
quantitative categories (e.g., poor condition is <10% coral cover),
and thus enable the direct use of quantitative monitoring data to
evaluate conservation outcomes (e.g., GHHP, 2016; Timko and
Innes, 2009, Fig. 1b; hereafter quantitative condition assessment).
These quantitative approaches reflect the more objective and
statistically-based assessments of conservation outcomes used in
Fig. 1. Hypothetical examples of a) qualitative condition assessments, and b) quantitative
protected area or network of protected areas. The key aspects of each approach are also desc
are conducted, 3) the evidence used for assessments, and 4) how uncertainty is accounted
the peer-reviewed literature (e.g., impact evaluation; Ferraro and
Pattanayak, 2006; Coad et al., 2015). Quantitative condition as-
sessments also address calls made by many scientists to better
integrate environmental monitoring data into conservation evalu-
ation and evidence-basedmanagement (Cook et al., 2016; Fox et al.,
2014).

Both qualitative and quantitative condition assessments rely on
clearly defined conservation objectives (e.g., the maintenance of
biodiversity), and environmental indicators to assess whether ob-
jectives are being achieved (Hockings et al., 2006). However, the
difference between these two assessment types lies in the way
that: i) condition categories are defined (qualitatively or quantita-
tively); and, ii) the evaluation of environmental condition is un-
dertaken, and the degree towhich expert judgement is used (Fig.1).

Qualitative condition assessments, using expert judgement, are
necessary when limited or no monitoring data are available to
inform the assessments of biodiversity outcomes (Cook et al., 2010).
However, the use of expert judgement in environmental assess-
ments can be subject to a range of biases, such as linguistic un-
certainty and overconfidence (Burgass et al., 2017; Burgman et al.,
2011). Experts have been demonstrated to interpret the scope,
scale and timeframe of qualitative statements differently (Cook
et al., 2014), and provide highly subjective estimates of environ-
mental condition that can vary considerably between individuals
(Burgman et al., 2011). The subjective nature of qualitative condi-
tion assessments means that the resultant accuracy and repeat-
ability of PAME evaluations can be seriously compromised. Thus,
PAME evaluations may have limited comparability through space
and time.

Quantitative condition assessments are a viable alternative in
situations where adequate scientific evidence is available (i.e., long-
condition assessments for a natural value (e.g., an indicator of biodiversity) within a
ribed, including 1) how condition categories are defined, 2) how condition assessments
for in condition assessments.
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term monitoring data), and research has led to sound under-
standing of ecosystem processes and dynamics (i.e., to justify the
selection of environmental indicators and numerically defined
condition categories). Quantitative condition assessments offer a
format that removes the subjectivity of relying on expert judge-
ment (Cook et al., 2014), help condense complex monitoring data
into standardised, transparent and easily communicated evalua-
tions of biodiversity outcomes (Cook et al., 2016; Hockings et al.,
2009), and can inform evidence-based management of PAs
(Addison et al., 2016, Fig. 1b). Quantitative condition assessments
can be made for single or composite indicators against numerically
defined condition categories that are based on the natural unit of
measure for an indicator (e.g., the abundance of a keystone species)
or a normalised scale for a composite indicator (e.g., ranging in a
score from 0 to 100; GHHP, 2016; Timko and Innes, 2009, Fig. 1b).
Importantly, once a platform has been established to undertake
quantitative condition assessment of monitoring data, assessments
are objective and easily repeated over time (e.g., GHHP, 2016). In
comparison, qualitative assessments used in PAME require sub-
stantial resources to cover staff time responding to questionnaires
and can be undertaken far less frequently than monitoring data are
collected and analysed (Coad et al., 2015).

Despite being considered best practice, there is little published
evidence that quantitative condition assessments are widely used
in PAME even when biological monitoring data are available (Coad
et al., 2015). This can be seen in the majority of PAME evaluation
tools, which include few indicators of conservation outcomes (Cook
et al., 2011) and do not make provisions for quantitative condition
assessments even when appropriate data are available (e.g., CMP,
2013; Ervin, 2003; Stolton et al., 2007). To explore why quantita-
tive condition assessments are so rare, we investigated the chal-
lenges PA practitioners face inmaking this important transition.We
focus our study on marine protected areas (MPAs), where guidance
on PAME of MPAs has long been established (Pomeroy et al., 2005),
yet a recent global review cited a critical need to improve the use of
monitoring information in marine PAME evaluation and evidence-
based management (Fox et al., 2014).

We targeted our investigation to MPA management agencies in
Australia, where MPAs have the scientific basis (long-term biolog-
ical monitoring data and scientific understanding of the long-term
effects of MPA protection) to inform quantitative assessments of
environmental condition for particular habitats (e.g., shallow coral
reefs and rocky reefs; Babcock et al., 2010; Barrett et al., 2009;
De'ath et al., 2012). Despite this foundation, MPA practitioners
Table 1
The Australianmarine protected area networks, responsible management agencies, the ap
long-term marine biological monitoring data available to inform PAME evaluation. The n

MPA network name Management agency responsible PAME eva

Great Barrier Reef Marine Park,
Queensland

Great Barrier Reef Marine Park
Authority

Great Barr

New South Wales Marine Parks New South Wales Department of
Primary Industries

Zoning Pla

Victoria's Marine National Parks Parks Victoria Victoria's

Tasmania's Marine Reserves Tasmania Parks and Wildlife
Service

In develop
interview

Western Australia's Marine Parks Department of Parks andWildlife,
Western Australia

Marine Pa
Authority

a For full details of the MPA networks and PAME approaches see Supporting Informat
b For full details of the long-term monitoring programs see Supporting Information 2.
c The variation in number of key informants interviewed from each agency reflects the

the long-termmonitoring programs available to them to inform their assessment of biodi
typically use long-term monitoring data to support qualitative
condition assessments (Addison et al., 2015b). Our study aimed to
establish whether management agencies intend to implement
quantitative condition assessments of Australian MPAs. We also
investigated the key challenges practitioners face in making the
transition from qualitative to quantitative condition assessments
when appropriate biological data are available, in order to identify
recommendations that will help practitioners advance PAME
evaluations in conservation agencies worldwide.

2. Methodology

Australia's MPAswere considered an ideal focus for this research
as many have been gazetted for over ten years, have routine PAME
evaluation (Supporting Information 1), and host some of the
world's longest running biological monitoring programs
(Supporting Information 2). Five Australian MPA networks were
included in this study, which capture the complete set of Australian
MPAs where PAME evaluation and reporting was in place or under
development, and where long-term (12e27 years) biological
monitoring of subtidal coral and rocky reefs exists (Table 1;
Supporting Information 1 and 2).

2.1. Key informants

We used a key informant approach (Patton, 2002) to identify
interviewees from each of the management agencies associated
with the five Australian MPA networks. Key informants are those
who hold extensive and specialist knowledge of the interview topic
(Patton, 2002). To develop a comprehensive understanding of the
challenges in shifting from qualitative to quantitative condition
assessments when long-term biological data are available, we
selected key informants who met the following two criteria of
specialist knowledge: (i) they have been involved in developing
and/or undertaking PAME outcome assessments; and (ii) had ac-
cess to long-term biological monitoring data that could be used to
inform outcome assessments or management decisions.

To identify key informants, we used a snowball sampling tech-
nique (Patton, 2002), consulting coordinating managers and sci-
entists from each of the five management agencies, to identify a
total of 26 potential key informants who met our criteria. We
interviewed 19 key informants out of a total 26 identified, as seven
individuals were either unavailable or declined to participate
(Table 1, Supporting Information 3; achieving a 73% response rate).
proach to protected areamanagement effectiveness (PAME) evaluation used, and the
umber of key informants interviewed from each management agency is also shown.

luation approacha Long-term marine biological
monitoring data available to
inform evaluation and
managementb

Number of key
informants
interviewedc

ier Reef Outlook Report Coral reef monitoring since 1993 4

n Reviews Subtidal reef monitoring since
1996 and 2002 (two programs)

3

State of the Parks Subtidal reef monitoring since
1998

5

ment at the time of Subtidal reef monitoring since
1991

2

rks and Reserves
Annual Audit report

Subtidal reef monitoring since
1999 and coral reef monitoring
since 1987

5

ion 1.

varying number of practitioners involved in PAME evaluation with a knowledge of
versity outcomes. For full details of the key informants see Supporting Information 3.
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The key informants were very knowledgeable about PA moni-
toring and management, having worked in PA management for an
average of 15.5 years. Informants held management or science-
focused roles (Supporting Information 3). Those with manage-
ment roles were involved in tasks such as conducting outcome
assessments, undertaking direct management of MPAs (e.g.,
enforcement patrols), and contributing to the strategic direction of
the MPAs (e.g., developing management strategies or plans). Those
with scientific roles were responsible for research (e.g., managing
or conducting scientific research), conducting outcome assess-
ments, and contributing to strategic direction of the MPAs.

The variation in number of key informants interviewed from
each management agency reflects the varying number of practi-
tioners who had detailed knowledge of PAME evaluation and the
long-term monitoring programs within each agency (Table 1). At
least one manager (the marine manager responsible for the MPA
and involved in PAME) and one scientist (a lead scientist within the
agency involved in the monitoring program) were interviewed for
each monitoring program (except where no in-house scientists are
employed; Supporting Information 3).

2.2. Semi-structured interviews

Semi-structured telephone interviews were conducted with all
key informants in 2013. Semi-structured interviews allowed in-
formants to respond to each question in their ownwords. Standard
prompts were used to provide definitions of terms, and to clarify
informants' responses. During the interviews, informants were
asked: (i) whether their management agency intended to imple-
ment quantitative condition assessments of biodiversity outcomes;
(ii) what changes were necessary to implement quantitative con-
dition assessment of biodiversity outcomes in the future; and, (iii)
what were the key barriers to making these changes? The full
interview protocol is provided in Supporting Information 4. In-
formants were assured of anonymity in line with human ethics
requirements (University of Melbourne approved project: HREC
1238593).

A backcasting approach, in which a desirable future scenario is
proposed to prompt people to think creatively about ways to ach-
ieve this scenario (Robinson et al., 2011), was used to elicit the key
challenges practitioners perceived in shifting from qualitative to
quantitative condition assessments (Questions ii & iii; Supporting
Information 4). In our study, the future scenario was that the
management agency would be conducting quantitative condition
assessments for all marine biological indicators by 2018. Key in-
formants were asked for their personal views relating to the
changes required to achieve this future scenario and any barriers to
making these changes possible.

2.3. Qualitative data analysis

Audio recordings of each interview were independently tran-
scribed. The de-identified interview transcriptions were open-
coded following an inductive category development method (i.e.,
categorised post-hoc based on common themes among responses
that emerged from the systematic reading of all interview tran-
scripts; Patton, 2002). All coding was independently validated by
another researcher (CNC) to ensure consistent application of cate-
gories, with no adjustments required.

3. Results

Informants who held strategic roles with influence of the PAME
approaches employed within their management agency (five in-
formants) stated that their agency intended to develop quantitative
condition assessments of biodiversity outcomes in the future (the
remaining informants were unsure of their agency's plans). Two
informants stated that they anticipated the timeframe for this
change would be within the next five years, and two informants
within five to 10 years. One informant was not confident about the
timeframe required for their agency to implement quantitative
condition assessments.

3.1. Changes required to implement quantitative condition
assessments

When asked for their personal views about the three most
important changes necessary to implement quantitative condition
assessment of biodiversity outcomes, informants cited a total of
nine changes, which were assigned to three broad categories:
operational, scientific, and external (Fig. 2). The code definitions of
each change are presented in Table 2.

The operational changes cited were related to factors within the
control of management agencies. The most common change
required was an increase in agency capacity (Fig. 2; Table 2). In-
formants particularly noted current limitations in staff time and
money dedicated to biological monitoring, analysis and interpre-
tation of data for quantitative condition assessments.

The next most commonly cited changes were scientific in nature
(Fig. 2), and included the need for: targeted biological monitoring
and research to develop quantitative condition categories and un-
dertake future quantitative condition assessments; improved un-
derstanding of the relationship between threats and environmental
condition; and work to identify indicators and quantify thresholds.

Changes outside the control of the management agencies were
least commonly cited (Fig. 2), but included a need for a greater level
of political and community support for MPAs. Informants also cited
a need for improved cooperation between state and national gov-
ernments in relation to MPA management.

3.2. Barriers to the changes required to implement quantitative
condition assessments

When asked about the most pertinent barrier to achieving the
changes necessary to implement quantitative condition assess-
ments, informants cited six barriers, which again were grouped
into three broad categories: operational, scientific, and external
factors (Fig. 3). The coded definitions of each barrier are presented
in Table 3.

Most of the reported barriers were within the control of the
agency (i.e., operational). The most common operational barrier
was a lack of capacity for agencies (staff numbers and money) to
make the changes necessary to implement quantitative condition
assessments within the next five years (Fig. 3; Table 3). Some in-
formants also stated that MPA management and monitoring was a
lower priority within their management agency compared with
terrestrial PAs. Finally, two informants reported that they did not
believe quantitative condition assessments should be used for
PAME evaluations, as they felt quantitative thresholds for indicators
can over-simplify the complexities of marine systems.

The only barrier relating to scientific knowledge was reported
by two key informants discussing their experience working with
scientists. They reported that scientists were uncomfortable setting
quantitative thresholds for ecological systems, speculating this was
due to uncertainty about ecosystem processes and the belief that
thresholds over-simplify the complexities of ecosystems. Finally,
informants cited two external barriers preventing the imple-
mentation of quantitative condition assessments: a lack of com-
munity and political support for MPAs, and a lack of coordination of
state-wide marine governance.



Fig. 2. The changes cited by key informants required to implement quantitative condition assessments of biodiversity outcomes by 2018. Changes were reported by informants in
response to Question 2 of the interview (Supporting Information 3), and are presented as the percentage of a total of 57 responses provided by informants (three changes provided
by 19 informants). Changes are categorised as: operational (black bars); scientific (dark grey bars); or, external (light grey bars). Definitions of the changes are presented in Table 2.

Table 2
Definitions of the changes needed to implement quantitative condition assessments of biodiversity outcomes by 2018.

Changes Description

Operational
A desire to conduct quantitative condition assessment There would need to be a desire by the management agency to conduct quantitative condition

assessments for biodiversity indicators in MPAs.
A framework to facilitate quantitative condition assessment A framework that incorporates monitoring, evaluation and reporting would need to be

developed to facilitate quantitative condition assessments for biodiversity indicators in MPAs.
Increase agency capacity There would need to be an increase in agency capacity, specifically staff time and money

dedicated to biological monitoring, analysis and interpretation of data for quantitative condition
assessment.

Scientific
Develop indicators and/or thresholds Scientists would need to define indicators and/or thresholds that can be used for quantitative

condition assessment.
Detailed understanding of the threats to MPAs There is a need for a greater understanding of the threats to MPAs and their effect on

biodiversity indicators, in order to better develop and confidently interpret quantitative
condition assessments.

Increase in scientific understanding There would need to be an increase in the scientific understanding of temporal trends of marine
communities within MPAs before quantitative condition assessments could be conducted for
biodiversity indicators.

Targeted biological monitoring/research Monitoring and research would need to be more targeted to provide data that are suitable for
quantitative condition assessment.

External
Improve MPA management through state and
national cooperation

There is a need for improved cooperation between management agencies (state and national)
and scientists to help improve MPA management. This would include communicating/sharing
information and data to ensure the effects of MPA protection can be better understood and
detected.

Increase support for and understanding of MPAs Before we can implement quantitative condition assessments for biodiversity indicators in
MPAs, there needs to be greater community and political support for MPAs. This requires amuch
greater awareness and understanding about the role of MPAs as a tool for biodiversity
protection.
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4. Discussion

Australian management agencies are prominent amongst those
globally who now routinely conduct PAME evaluations (Table 1;
Cook et al., 2010; Leverington et al., 2010). The practitioners
interviewed in this study have access to some of theworld's longest
running marine biological monitoring programs; however, they are
currently not evaluating these data against quantitative condition
categories to assess biodiversity outcomes (Addison et al., 2015b).
There was a clear aspiration to change this situation, with key in-
formants who held strategic roles from each management agency
in this study confirming they were currently working toward
implementing quantitative condition assessments over the next
five to ten years. This demonstrates that PA management agencies
are heeding the global calls for progress towards the use of quan-
titative monitoring information to facilitate evidence-based



Fig. 3. The key barriers cited by key informants to the changes needed to implement quantitative condition assessments of biodiversity outcomes by 2018. Barriers were reported
by informants in response to Question 3 of the interview (Supporting Information 3), and barriers are presented as a percentage out of a total of 19 (one barrier cited by each of the
19 informants). Barriers are categorised as: operational (black bars); scientific (dark grey bars); or, external (light grey bars). Definitions of the barriers are presented in Table 3.

Table 3
Definitions of the barriers to the changes needed to implement quantitative condition assessments of biodiversity outcomes by 2018.

Barrier Description

Operational
Lack of agency capacity There is currently a lack of capacity (staff numbers and money) within management

agencies to make the changes needed for quantitative condition assessments for
biodiversity indicators in MPAs by 2018.

MPA management and monitoring is currently not prioritised To date, MPAs remain to have a lower profile than their terrestrial counterparts. Thus
MPA management and monitoring are often not prioritised.

I don't agree that quantitative condition assessments should be used Some informants simply did not agree that quantitative condition assessments for
biodiversity indicators in MPAs are a good idea.

Scientific
Thresholds make scientists feel uncomfortable Scientists can feel uncomfortable with defining thresholds for indicators, and do not

want to commit to putting a number next to any indicator as a threshold.
External
Lack of support for and understanding of MPAs There is currently a lack of community and political support for MPAs in some Australian

states. Until this improves, it will not be possible to make advancements in MPA
management such as implementing quantitative condition assessments for biodiversity
indicators in MPAs by 2018.

State-wide governance arrangements lack coordination The governance arrangements within some states lack coordination. This prevents
individual agencies from gaining a big picture understanding of cumulative threats and
managing them in a more holistic way.
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conservation management (Cook et al., 2016; Ferraro and
Pattanayak, 2006; Fox et al., 2014).

Despite this desire to implement quantitative condition as-
sessments, informants described a number of challenges (Figs. 2
and 3), acknowledging that both scientists and practitioners have
a role in making the transition from qualitative to quantitative
condition assessments of biodiversity outcomes. These challenges
were classified as: operational, scientific, or external. We discuss
each of the challenges (changes and barriers) from the perspective
of management agencies, scientists and the wider community. We
outline solutions to help address these challenges in order to assist
agencies around the world to advance PAME evaluations.

4.1. Challenges faced by management agencies

Management agencies around the world are commonly under-
resourced, even in relatively wealthy countries (Ferraro and
Pattanayak, 2006; Leverington et al., 2010). Therefore, it is not
surprising that a lack of agency capacity (staff numbers andmoney)
was the most frequently cited challenge to implementing quanti-
tative condition assessment (Figs. 2 and 3), with informants sug-
gesting more staff and money would need to be dedicated to
biological monitoring, analysis and interpretation of data. The
tension between prioritising funding for the management and
monitoring of marine versus terrestrial PAs within individual
management agencies was also reported as a key barrier to prog-
ress (Fig. 3). The establishment of MPAs has lagged behind that of
terrestrial PAs globally (Watson et al., 2014), and practitioners re-
ported a similar mismatch in the resourcing of ongoing manage-
ment in Australian MPAs relative to terrestrial PAs. A well-
recognised tension within PA management agencies exists be-
tween funding monitoring programs versus management action,
with monitoring and evaluation viewed as detracting from the core
role of management (Kapos et al., 2008). This perceived discrep-
ancy in resourcing MPAs relative to terrestrial PAs, combined with
the general undervaluing of monitoring relative to management,
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could explain why informants reported that resourcing was the
greatest barrier to implementing quantitative condition assess-
ments in PAME.

Lack of funding is a critical issue in conservation around the
world (CBD, 2011), and conservationists are now teaming up with
financial experts to explore new mechanisms to help fund con-
servation efforts through increased public and private investment
in conservation (Bos et al., 2015). For example, impact investments
(e.g., green and conservation bonds) are designed to achieve posi-
tive outcomes for nature and provide a return-on-investment, and
these are an emerging part of the financial sector designed to help
fund conservation efforts (Waldron et al., 2013). Likewise, specific
levies on tourism to MPAs are also raising much needed funds for
conservation management (e.g., Farr et al., 2011). Whether these
new mechanisms become sufficiently lucrative to address the lack
of PA agency capacity remains to be seen; however it is clear that
sole reliance on public funding in conservation is no longer suffi-
cient to move conservation forward (CBD, 2011).

Informants also expressed concerns that the absence of frame-
works to guide the development of quantitative condition assess-
ments was impeding progress (Fig. 2). While some systematic
conservation management frameworks, such as Open Standard for
Conservation Practice (CMP, 2013), have approaches to guide in-
dicator selection and monitoring, these lack guidance on the
development of quantitative thresholds between condition cate-
gories (Addison et al., 2016). Although there have been methodo-
logical advances in developing quantitative condition categories
(Addison et al., 2015a; Cook et al., 2016; Timko and Innes, 2009),
these remain largely in the scientific literature and have not been
translated into PAME evaluation guidelines (Fox et al., 2014).
Without detailed guidelines to assist management agencies to
operationalise certain stages of PAME, progress in quantitative
condition assessment within themore than 100 countries currently
conducting PAME (Leverington et al., 2010) is unlikely.

To overcome this common challenge in translating scientific
research into conservation practice, PA practitioners and academic
scientists will need to develop and implement fit-for-purpose
quantitative approaches to outcome assessment for PAME. Such
collaborations have traditionally been a challenge in conservation
(Jarvis et al., 2015). However, new ways of working together are
emerging to help facilitate this applied form of research and
knowledge exchange (e.g., embedding research scientists in PA
management agencies, incentivising scientists to undertake
applied research with management agencies, and training pro-
grams for conservation practitioners; Cook et al., 2013; Roux et al.,
2006).

Finally, two informants reported that their agencies lacked a
desire to develop and implement quantitative condition assess-
ment in the near future (Fig. 2). The same two informants reported
that they believed quantitative condition assessments of biodiver-
sity outcomes are not desirable (Fig. 3) because they can over-
simplify complex marine systems. This reservation about quanti-
tative condition assessments has been recorded in other studies
(i.e., reluctance to define ecological thresholds; Groffman et al.,
2006) and better understanding these concerns could help deter-
mine when these assessments are appropriate. These concerns
must be balancedwith the value of improving the transparency and
robustness of evaluations and management decisions that can be
achieved by directly using scientific evidence to conduct PAME
(Cook et al., 2016; Fox et al., 2014).

4.2. Challenges in the field of science

Key uncertainties in scientific understanding of the marine
environment continue to impede the transition from qualitative to
quantitative condition assessments. Commonly cited uncertainties
in marine systems relate to poor scientific understanding of large-
scale ecological processes, biotic interactions, cumulative impacts
of threats, and the effectiveness of management interventions in
protecting marine biodiversity (Parsons et al., 2014). The view that
knowledge gaps are hindering a shift to quantitative condition
assessments (Fig. 2) is likely a response to these scientific un-
certainties. Given these uncertainties, informants suggested that
more targeted monitoring and research was needed to facilitate
change. This view supports suggestions that current PA monitoring
programs are not adequately targeted to management needs
(Hedge et al., 2017; Fox et al., 2014), often because these PA
monitoring programs are conducted either partially or completely
independently of management agencies (Addison et al., 2015b).

A detailed understanding of the relationship between threats
and environmental condition, identification of key indicators, the
quantification of thresholds, and research into the temporal trends
of marine communities were also mentioned as necessary to better
understand natural variability (Fig. 2; Table 1). Filling these
knowledge gaps will involve new partnerships between the sci-
entific and management communities to generate targeted,
management-relevant research (Cook et al., 2013; Roux et al., 2006)
and the development of decision-support tools that are fit-for-
purpose to be incorporated into PAME evaluation (Addison et al.,
2016).

Two informants with direct experience working with scientists
to develop quantitative condition assessments suggested that sci-
entists are uncomfortable assigning quantitative values to biolog-
ical indicators to act as thresholds (Fig. 3; Table 2). These
reservations were reportedly based on too much uncertainty about
ecosystem interactions, and thresholds over-simplifying complex
ecosystems. Scientific uncertainty associated with howmarine and
terrestrial systems function and respond to management in-
terventions is common in conservation (Milner-Gulland and Shea,
2017). This uncertainty can prevent practitioners from imple-
menting quantitative condition assessment, such that their efforts
are better focused on collecting more targeted monitoring data,
investing in research and developing models to explore ecosystem
dynamics (Addison et al., 2016). However, where adequate scien-
tific evidence exists for an ecosystem (i.e., research into ecosystem
interactions and monitoring to understand spatial and temporal
dynamics), modelling approaches can be used to identify quanti-
tative values of an indicator that represent desirable and undesir-
able condition categories, even in the face of uncertainty (Addison
et al., 2015a; Cook et al., 2016). These approaches will be critical to
developing the decision support tools that will move quantitative
condition assessments forward in PA management agencies, sup-
porting both evaluation and proactive conservation management.

4.3. Challenges external to management agencies and science

Informants identified a series of challenges that, while outside
the control of PA management agencies, are important to imple-
menting quantitative condition assessments in the future. They
reported a lack of coordination of state-wide marine governance,
reflecting that multiple agencies are responsible for different
components of management, such as biodiversity conservation (i.e.,
the agencies represented in this study), fisheries management, and
environmental approvals (Figs. 2 and 3). Informants described
these complex governance structures as impeding effective large-
scale management of the marine environment, which has been
documented as an issue in marine systems globally (Agardy et al.,
2011; Liquete et al., 2011). In particular, informants reported that
these governance issues compromised consistent assessment of
conservation outcomes across jurisdictions. Co-operation in
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monitoring and evaluation approaches among the different
agencies with responsibility for marine governance, and in setting
quantitative condition assessments, could facilitate the detection of
broad scale changes in the condition of the marine environment
and improve consistency in national and international evaluation
and reporting.

Informants cited a lack of political and community support for,
and understanding of, MPAs as a serious impediment to imple-
menting quantitative condition assessments in PAME evaluation
(Figs. 2 and 3). Informants' views likely reflect the decrease in po-
litical and public support for MPAs in Australia over recent years
(e.g., pressure from recreational fishers has seen some MPAs
opened to shore-based fishing (Voyer et al., 2013), and the man-
agement plans of many of Australia's Commonwealth MPAs
retracted (Sinclair et al., 2015)). These changes indicate political
moves to downgrade legislative protection for PAs internationally
(Mascia and Pailler, 2011), declining pubic interest in environ-
mental issues over the last decade (Mccallum and Bury, 2013), and
opposition to MPAs from some communities who have restricted
access to what they believe should be a public resource (Mascia
et al., 2010).

5. Conclusion

Across marine and terrestrial PAs some management agencies
are finding themselves in the fortunate position where adequate
evidence is available (i.e., long-term environmental monitoring
data), and research has led to sound understanding of ecosystem
processes to justify the selection of environmental indicators and
numerically defined condition categories (e.g., Timko and Innes,
2009; Cook et al., 2016). However, few PA management agencies
currently use scientific evidence directly in PAME evaluation in
marine or terrestrial PAs (Addison et al., 2015b; Cook et al., 2014;
Fox et al., 2014). This is despite the known benefits of quantita-
tive condition assessments, such as: removing the subjectivity of
solely relying on expert judgement (Cook et al., 2014); formally
integratingmonitoring data to addressmanagement objectives and
outcome indicators in PAME (Fox et al., 2014; Hedge et al., 2017);
and helping condense complex monitoring data into standardised,
transparent and repeatable evaluations of biodiversity outcomes
(Cook et al., 2016; Hockings et al., 2009).

This study contributes to the growing body of evidence doc-
umenting challenges that conservation managers face interna-
tionally in undertaking evidence-based management across
marine, coastal and terrestrial environments (e.g., Addison et al.,
2016; Cook et al., 2010; Jacobson et al., 2014). While our focus
was on PAME, many of the challenges reported are those facing PA
management globally (i.e., lack of resources (Ferraro and
Pattanayak, 2006), scientific uncertainty (Parsons et al., 2014),
knowledge gaps (Cook et al., 2013), and diminishing political sup-
port for PAs (Mascia and Pailler, 2011)). These are likely to be
equally problematic for the PA management agencies in more than
100 countries conducting PAME around the world (Coad et al.,
2015; Hockings et al., 2006; Leverington et al., 2010).

There are no easy solutions to these challenges, but we highlight
current progress in developing decision support tools (e.g., quan-
titatively defined management thresholds or decision triggers to
facilitate quantitative outcome assessment; Addison et al., 2015a;
Cook et al., 2016), new approaches to finance conservation efforts
(e.g., impact investing; Bos et al., 2015; Waldron et al., 2013), and
the positive approaches to conduct more management relevant
science (e.g., embedding scientists in management agencies; Cook
et al., 2013). We acknowledge that there is unlikely to be a single
solution to the challenge of achieving evidence-based conservation,
but our findings will assist agencies around the world to target
strategies and advance PAME evaluations toward best practice.
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