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ARTICLE INFO ABSTRACT

Sufficiently rigorous monitoring and evaluation can assess the effectiveness of management actions to conserve
natural resources. However, costs of monitoring can be high in relation to program budgets, so it is critical to
design monitoring efforts to ensure a high return on investment. To assess the relative contribution of different
monitoring strategies to yield information for management decisions, we examine the evolution of a multi-year
monitoring program across several MPAs in West Papua, Indonesia. Three monitoring strategies were
implemented: external expert, science practitioner, and community monitoring staff. We place the monitoring
objectives in a decision science framework, with six explicit fundamental objectives for monitoring to evaluate
performance of marine protected areas. We examine each strategy in light of the six objectives to evaluate: 1)
power to detect change, 2) extent of local capacity development, and 3) cost effectiveness. Over time, costs were
reduced and scientific value increased through clear communication of science objectives, outcome-driven
experimental design, adequately resourced monitoring programs, and a long-term view that anticipates phasing
out outside consultants and transitioning monitoring responsibilities fully to locally-based staff. Investments to
develop capacity of staff living locally to perform data management, analysis, interpretation, and science
communication proved the most cost-effective approach in the long-term. With many globally important
ecosystems in developing countries, developing local scientific capacity for the full cycle of monitoring is key to
informed decision-making and ensuring long-term sustainability of efforts to conserve biodiversity.
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1. Introduction

Over the past two decades, scholars and practitioners have called for
a shift towards evidence-based conservation to ensure management
interventions are effective and have the desired impact (Ferraro and
Pattanayak, 2006; Sutherland et al., 2004). Yet the long-standing need
for adequate human and financial resources (Gill et al., 2017) poses
significant barriers to developing a systematic and scientifically-defen-

sible foundation of evidence that can inform adaptive management,
policy, and strategic planning (Cook et al., 2016). Consequently, a
substantial disconnect exists between scholarly discussion and on-
ground practice in both developed and developing countries. Long-
term efforts to standardize best practices in conservation (e.g., the
Conservation Measures Partnership) have transformed conservation
planning and implementation (Stem et al., 2005), but real examples
of adaptive management remain rare (Cook et al.,, 2016), with
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Box 1
Monitoring strategies in the BHS.
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capacity development (and therefore sustainability) limited.

Depending on the goals and priorities, different monitoring strategies were employed, with different tradeoffs around statistical power to
detect change, local capacity development, cost, and timing (Fig. 1).

External expert: Bringing in an external expert with high capacity (in the form of an external consultant) provided results with good
power (i.e. many species identified and higher precision in differentiating sites) on a short time frame, but costs were fixed and local

Science practitioners: NGO monitoring staff trained in Indonesian universities had a good science foundation, and with support, now
contribute in the international science community. This strategy is likely more sustainable than an external expert-led model, and further
develops Indonesian capacity, but with less local capacity the risk remains that staff may leave and/or program priorities shift.

Community monitoring staff: Training Papuan citizens with commercial fishing experience and who could read and write focused on
adding basic science skills (e.g. interpreting a graph, working with Excel, basic ecological theories), as their species identification and
biomass estimation skills were often exceptional. This approach has resulted in relatively stable local monitoring staff.

monitoring practices on the ground frequently inadequate to support
real-time decision-making at multiple spatial scales (from local to
global) by the necessary array of actors (e.g., conservation managers,
policy makers, funders).

Because ecological monitoring can be expensive, particularly in
remote locations, and in extreme cases can equal or surpass the cost of
other management objectives (e.g. planning, decision making, opera-
tions, community engagement, enforcement) combined (Howe and
Milner-Gulland, 2012), trade-offs in resource allocation among objec-
tives are common in diverse programs. In this context, it is crucial to be
both clear about the full array of monitoring objectives (Houk and van
Woesik, 2013) and their relative priorities, as well as to maximize the
utility of the information generated for management and decision
making as a result of monitoring (Hauser et al., 2006; McDonald-
Madden et al., 2009; Possingham et al., 2012). If monitoring data
collected are insufficient to detect ecological change or to evaluate the
effectiveness of interventions, then these efforts might be considered a
waste of resources (Legg and Nagy, 2006).

For at-risk ecosystems such as coral reefs, delayed information to
inform management could be devastating (Possingham et al., 2012),
resulting in missed opportunities to address emerging threats, adapt
management that is ineffective, and allocate resources where they can
maximize outcomes. In developing countries, home to many globally
important and imperiled ecosystems, monitoring requires capacity that
might not be commonly available. Tradeoffs might exist between
developing long-term capacity for monitoring, and ensuring near-term
monitoring rigor (Burton, 2012; Houk and van Woesik, 2013). How-
ever, the importance of local staff capacity for providing scientific
support is increasingly recognized as critical for ensuring the long-term
sustainability of monitoring efforts (McLeod et al., 2015; Sekercioglu,
2012). Therefore, importing external capacity risks compromising
sustainability in exchange for this short-term information gain
(Danielsen et al., 2005). While monitoring almost always has multiple
implicit objectives, and the goals of monitoring programs are rarely
clearly articulated (Possingham et al., 2012), a well-designed program
can also yield unintended consequences or benefits not originally
anticipated (Edwards et al., 2010).

Efforts to develop capacity for monitoring generally occur through a
combination of training local community members or in-country non-
governmental organizations (NGOs), university, or government techni-
cal staff who have had relevant formal education to conduct monitoring
activities (Danielsen et al., 2003). The critical role of local communities
in resource management has long been recognized (Johannes, 1998a).
Locally-led monitoring encompasses a range of approaches, and can be
defined as local residents directly involved in data collection, regardless
of their formal education (Danielsen et al., 2005); hereafter “commu-
nity monitoring staff”. At the same time, monitoring requires a high
level of knowledge (e.g. of scientific monitoring design and protocols or
computer literacy) and skills (e.g. species identification or data manage-
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ment). Consequently, potential tradeoffs frequently result in emphasis
being placed either on capacity development, with the hypothesis that
it will have greater long-term sustainability, or on information gain (i.e.
scientific rigor) to ensure that the data will be useful in supporting
planning, management and policy decisions. Many communities may
trust the data more if they are directly involved in collecting it, and
therefore may be more likely to make management decisions (Obura
et al., 2002). If developing community monitoring capacity can
simultaneously empower local communities and meet scientific mon-
itoring needs, it would have greater benefit overall for improving
natural resource governance (Danielsen et al., 2009; Holck, 2008).

1.1. This study: evaluating tradeoffs among monitoring objectives

To understand tradeoffs among monitoring objectives, we used a
case study of an ecological performance measurement program, defined
as the process of measuring progress towards a specified project,
program, or policy objectives, including desired levels of activities,
outputs, and outcomes (Mascia et al., 2014). Different monitoring and
training approaches were implemented with varying emphasis placed
on rigor and capacity development by different stakeholders, which
resulted in multiple distinct strategies. This allows us to evaluate the
benefits of monitoring against multiple management objectives com-
mon to many monitoring programs (Box 1; Ahmadia et al., 2015). We
used a decision theoretic framework and applied a strategy evaluation
to evaluate the relative costs and benefits of each monitoring strategy.
We hypothesize that over time it becomes more cost-effective to base a
monitoring program on locally-based science practitioners and com-
munity monitoring staff, but this results in a longer time to achieve
sufficient power to detect change, which is often critical to trigger a
management intervention (Fig. 1).

We tested this hypothesis with data from Raja Ampat, part of the
Bird's Head Seascape (BHS) in West Papua, Indonesia, considered the
global epicenter of marine biodiversity (Allen, 2008; Veron et al.,
2009). Since 2007, a consortium of conservation actors in the BHS has
worked towards protecting and sustaining the marine resources on
which local communities depend (Mangubhai et al., 2012; Supplemen-
tary material). Their approach assumes that investing in improved
community engagement and better governance of marine protected
areas (MPAs) will result in more positive ecological and social outcomes
across the Seascape. A monitoring program was designed to measure
ecological conditions within MPAs over time, as indicators of manage-
ment performance, with standardized core monitoring protocols.
Monitoring efforts are intended to meet two strategic goals: (i) gain
information to support and guide management decisions, and (ii)
improve the capacity of local community monitoring staff to monitor
MPA conditions. Implicit in this design are two hypotheses: (i) higher
quality information that meets global standards for rigor will be more
likely to be used for adaptive decision-making to support the overall
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