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A B S T R A C T

The conservation outcomes of a protected area depend on management actions. The effectiveness of protected
area management remains a concern for donors and policy-makers. However, very few feasible methods
assessing the ability and performance of management teams have been developed. Behavioral shifts in habitat
usage, direct and sensitive wildlife responses to threats, have been ignored in the evaluation of protected area
management. To address the technical limitations, we developed a method that uses the behavioral dynamics of
target species as indicators of the efficacy of threat reduction, control, and overall management effort. By
comparing wildlife behavior with threat avoidance distances and patterns we can examine threat mitigation
efficacy as a proxy for overall reserve management effectiveness. Using evidence of giant panda habitat
utilization in eleven reserves across Qinling Mountains from 2000 to 2012, we built a model of behavior based
on the avoidance of four types of anthropogenic threat. We stratified the eleven reserves into five efficacies, of
which Changqing reserve was deemed to have the highest management effectiveness. Our approach was
validated and supported by changes in suitable habitat and population size across reserves. Focusing on the end
result of all threats and management effort means that our framework is straightforward for reserve staff to
implement, produces easily interpreted results, and is worthy of application. This study highlights the value of
behavioral dynamics when making a full and scientific assessment of the effectiveness of protected area
management, and helps investors and policy-makers realize the efficacy of conservation inputs.

1. Introduction

Most protected areas, including nature reserves, national parks,
animal refuges and world heritage sites make a great contribution to
global eco-security and sustenance (Brooks et al., 2009; Gaston and
Cruz-Piñón, 2008; Xu et al., 2017). However, some protected areas fail
to save rare species and ecosystems due to poor management (Ma,
2016; UNESCO, 2016; IUCN, 2016). Each year, millions of dollars are
spent by governments, companies and non-government organizations
on protected area population resilience, habitat restoration, threat
mitigation, law enforcement, research and monitoring (Castro et al.,
2006; Parrish et al., 2003; Xu et al., 2014). The conservation outcome of
protected areas relies on management actions to enforce conservation
policies and reduce anthropogenic threats (Liu et al., 2001). The
effectiveness of protected area management remains a concern for
donors and policy-makers and encompasses the appropriate and
responsible use of funds and conservation efforts. How to measure
the ability and performance of a management team is important to

conservation success and remains an urgent issue for conservation
programs globally.

Because the management activity of a protected area is often ahead
of the conservation goals and shadowed by extrinsic indicators such as
population size and habitat range (Salafsky and Margoluis, 1999),
conservationists and ecologists have neglected the cause-and-effect
relationship between conservation management and outcomes. Few
direct and feasible approaches and index systems to assess the ability
and performance of management teams have been developed. How-
ever, some methods for measuring conservation impacts have been
applied to the evaluation of management effectiveness (Jacobson,
2004; Mcclanahan et al., 2006; Nyirenda et al., 2014). Population
abundance, habitat integrity and quality are traditional primary
indicators used to assess protected area management based on a
biological indicator-based framework of ‘measure of success’
(Jachmann, 2001; Mcclanahan et al., 2006; Nyirenda et al., 2014).
Due to a focus on the accuracy of population size or habitat range in
previous studies, the process of calculation and assessment remains
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ground in complex model simulation, parameter estimation and data
inputs (Hone, 2014; Jacobson, 2004; Kruger et al., 2008; Nyirenda
et al., 2014). The status of conservation threats has gradually gained
attention in the measurement of protected area management, but threat
reduction assessment (TRA) remains expensive and time-consuming
(Parrish et al., 2003; Salafsky and Margoluis, 1999). These limitations
make the assessment of management teams difficult, and result in
uncertainty around estimates of population size and habitat range
(Hone, 2014; Kruger et al., 2008). Further, some social indicators used
in assessments are produced using qualitative decision rules and this
makes their interpretation challenging (Salafsky and Margoluis, 1999).

For over ten years of investment in nature reserves, the Chinese
Ministry of Environmental Protection (CMEP) has conducted a program
to evaluate the effectiveness of nature reserves whereby thousands of
scientists score protected areas using expertise, experience and stan-
dardized biotic and abiotic factors (Yang et al., 2015; CMEP, 2010).
However, reserves with poor management have not been flagged by this
program and some reserves with illegal development projects have not
been identified and punished before being outed by the news media
(CMEP, 2016). Due to methodological limitations, most reserve-super-
vision departments within government usually conducted their assess-
ments on conservation teams using annual reports and statistical
indicators, such as time and money spent on monitoring and patrolling.
Under this system, some reserves with poor conservation outcomes can
achieve a good appraisal because of public popularity or opinion; even
the eloquent presentation of a reserve manager can help to form a good
impression amongst regulators. Unsurprisingly, the results of these
assessments are consistently unconvincing and lack critical conserva-
tion information, thereby discouraging dedicated teams disadvantaged
by the current evaluation program.

Biological indicators and threats, behavioral shifts in habitat selec-
tion, the direct responses of wildlife to natural and anthropogenic
threats, changes in habitat suitability and variation in spatial utilization
(Jones, 2009; Morris, 2003) have all long been ignored in protected
area management evaluation. Habitat utilization behavior is about
achieving individual fitness and responding to the environment
(Hennicke et al., 2014; Huey, 1991; Morris, 2003). Individuals occupy-
ing habitat with relatively suitable resources and threats should have
unaltered habitat utilization and if habitat quality or availability
reduces habitat utilization will respond accordingly (Kristan and
William, 2003). The efficacy of threat reduction and control will affect

the habitat pattern and result in a shift in habitat selection behavior.
Despite the inability to deal with natural disasters such as earthquakes,
hurricanes, floods and landslides, controlling and mitigating anthro-
pogenic threats such as poaching, tourism, mining, farming and logging
are an integral part of managing protected areas. Therefore, the degree
of anthropogenic threat minimization effectively reflects conservation
effort and the effectiveness of a given protected area management team.
Monitoring and comparing the behavioral dynamics of habitat use is a
direct, visual, scientific and feasible framework that reflects the
conservation management team.

Threat reduction assessments play a role in protected area manage-
ment decision-making (Jacobson, 2004; Salafsky and Margoluis, 1999)
and threat reduction outcomes will be reflected in habitat usage
(Rosenzweig, 1991). Here, we address existing methodological limita-
tions in the evaluation of protected area management by developing an
approach based on the behavioral dynamics of target species as
indicators of the efficacy of threat reduction and control. Using eleven
giant panda (Ailuropoda melanoleuca) reserves in the Qinling Moun-
tains, China we examined changes in habitat utilization behavior from
2000 to 2012 to evaluate the effectiveness of reserve management.
Specifically, we focus on the efficacy of management and not on the
assessment of the final conservational outcomes of a protected area. We
aimed to (1) explore a feasible, timely, cost-efficient and scientific
framework for assessing the effectiveness of protected area manage-
ment with greater certainty; (2) develop a fuller understanding of the
actual status of management effort in a giant panda reserve; and (3)
reveal anthropogenic threat dynamics in critical giant panda reserves.

2. Methods

2.1. Study area

The Qinling Mountains run west to east across Shanxi in central
China. The highest peak is Taibai Mountain at 3767 m above sea level
in southern Shanxi (Fig. 1). The Qinling Mountains are of great
importance to China because they form a watershed between the
Yangtze and Yellow Rivers, and a natural climatic and cultural
boundary between southern and northern China. This area is a
biodiversity hotspot and a global conservation priority area
(Mittermeier et al., 2009; Olson and Dinerstein, 1998) containing rare,
endangered and endemic species such as giant pandas, golden monkeys

Fig. 1. The location of giant panda reserve including main threats in the Qinling Mountains.
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