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Abstract

Antarctic specially protected areas (ASPAs) are a key regulatory mechanism for protecting
Antarctic environmental values. Previous evaluations of the effectiveness of the ASPA sys-
tem focused on its representativeness and design characteristics, presenting a compelling
rationale for its systematic revision. Upgrading the system could increase the representation
of values within ASPAs, but representation alone does not guarantee the avoided loss or
improvement of those values. Identifying factors that influence the effectiveness of ASPAs
would inform the design and management of an ASPA system with the greatest capacity
to deliver its intended conservation outcomes. To facilitate evaluations of ASPA effective-
ness, we devised a research and policy agenda that includes articulating a theory of change
for what outcomes ASPAs generate and how; building evaluation principles into ASPA
design and designation processes; employing complementary approaches to evaluate mul-
tiple dimensions of effectiveness; and extending evaluation findings to identify and exploit
drivers of positive conservation impact. Implementing these approaches will enhance the
efficacy of ASPAs as a management tool, potentially leading to improved outcomes for
Antarctic natural values in an era of rapid global change.

Evaluacion del impacto de conservacion de las dreas protegidas de la Antartida
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Resumen

Las 4reas antdrticas con proteccion especial (AAPE) son un mecanismo regulador clave
para la proteccion de los valores ambientales en la Antartida. Las evaluaciones previas de
la efectividad del sistema AAPE se centraron en su representatividad y caracteristicas de
disefio, lo que represent6 una justificacion convincente para su revision sistematica. La
actualizacion del sistema podtia aumentar la representacion de los valores dentro de las
AAPE, pero la representacion por si sola no garantiza que se evite la pérdida o la mejora
de dichos valores. La identificacion de los factores que influyen en la eficiencia de las
AAPE contribuirfa al diseflo y la gestion de un sistema de AAPE con mayor capacidad
de obtencién de los resultados disefiados de conservacion. Para facilitar las evaluaciones de
la eficiencia de las AAPE, disefiamos una agenda politica y de investigaciéon que incluye la
articulacién de una teoria del cambio sobre cuiles resultados generan las AAPE y como lo
hacen; la incorporaciéon de principios de evaluacion en los procesos de disefio y designacion
de AAPE; el empleo de enfoques complementarios para evaluar maltiples dimensiones de
la eficiencia; y la ampliacion de los resultados de la evaluacion para identificar y explotar
los impulsores del impacto positivo en la conservacion. La aplicacion de estos enfoques
mejorata la eficiencia de las AAPE como herramienta de gestion, lo que potencialmente
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llevard a mejores resultados para los valotes naturales antirticos en una era de rapido
cambio global.
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INTRODUCTION

Antarctic environments are at risk of harm from the impacts of
local and global threatening processes. Climate change impacts
on Antarctica have important implications both globally, given
the potential for melting ice to contribute to sea level rise IPCC,
2021), and locally, where direct and indirect changes will impact
native species and ecosystems (Chown et al., 2015; Convey &
Peck, 2019; Lee et al., 2017, 2022). Relative to the rest of the
wortld, the direct human footprint on Antarctica is small (Brooks
et al,, 2019). However, scientific and tourism activities con-
tribute to the introduction of non-native species, pollution, and
habitat alteration (Brooks et al., 2019; Tejedo et al., 2016; Tin
et al., 2009), which may in turn interact with climate change
effects (Convey & Peck, 2019).

Human interactions with Antarctic envitonments are gov-
erned under the Antarctic Treaty, whose signatories meet
annually at the Antarctic Treaty Consultative Meeting (ATCM)
to exchange information, consult on matters of mutual interest,
and adopt measures, decisions, and resolutions by consen-
sus among consultative parties. Entered into force in 1998,
the Protocol on Environmental Protection to the Antarctic
Treaty (hereafter the Protocol) and its annexes establish a legal
framework for conserving Antarctic environments. Annex V
establishes a framework for area protection and management
through the designation of Antarctic Specially Managed Areas
(ASMAs) and Antarctic Specially Protected Areas (ASPAs).
Although ASMAs assist the coordination and minimization of
the environmental impacts of research and management activ-
ities, ASPAs have a more explicit conservation function and
may be designated over any terrestrial or matine area to pro-
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tect outstanding environmental, scientific, historic, aesthetic, or
wilderness values. There are currently 75 ASPAs (Figure 1), with
the majority designated primarily to protect important species,
ecosystems, or landscape attributes. Visitation to ASPAs varies
with reason for designation and proximity to research stations
(Table 1; Figure 2). Each ASPA is proposed and managed by
1 or a group of proponents—most frequently, the Antarctic
Treaty Party with research infrastructure in the locality (Hughes
& Grant, 2017)—and has its own aims, objectives, and man-
agement activities summarized in management plans required
to be reviewed every 5 years. Such reviews consider whether
the ASPA continues to serve the purpose for which it was
designated and the adequacy of management (ATCM, 2012).

The ASPA system is currently unrepresentative of the conti-
nent’s biodiversity (Hughes et al., 2016; Wauchope et al., 2019)
and ecosystems (Howard-Williams et al., 2021; Shaw et al., 2014)
and covers <1.5% of its ice-free areas (Shaw et al., 2014).
Consequently, several authors have called for the systematic
revision and expansion of the ASPA system to improve its
representativeness (Howard-Williams et al., 2021; Hughes &
Grant, 2017; Hughes et al., 2016; Shaw et al., 2014; Wauchope
et al., 2019). The Committee for Environmental Protection
(CEP), the expert advisory body established by the Proto-
col, has endorsed the system’s revision within the “systematic
environmental-geographic framework” established under Arti-
cle 3.2, Annex V of the Protocol (ATCM, 2019a), and the utility
of systematic conservation planning methods for this revision
is being explored (ASOC, 2019). But although the quantity and
placement of protected areas have been scrutinized, little atten-
tion has been given to the quality of that protection in terms of
measurable, on-ground conservation outcomes.
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FIGURE 1

SAFE HAVENS VERSUS PAPER PARKS

To date, evaluations of ASPA effectiveness have focused on
their sampling and design characteristics, and their findings
present a compelling rationale to systematically revise the
ASPA system. Although this can increase the representation of
outstanding values within ASPAs, representation is not auto-
matically synonymous with the avoided loss or improvement
of those values (Pressey et al., 2015). Consequently, an impor-
tant question remains unanswered: do ASPAs work? This is not
a question of the effectiveness of ASPA design and associated
outputs, but rather ASPA management and outcomes (Maxwell
et al,, 2020; McIntosh et al., 2017; Wauchope et al., 2022). To
appreciate the potential conservation benefits of a revised ASPA
system, understanding of the quality of protection ASPAs pro-
vide must be improved. Article 12 of the Protocol states that
the CEP shall provide advice on “the effectiveness of mea-

® Antarctic Specially Protected Areas
Land
0 500 1,000 km

Ice shelf [

Locations of Antarctic Specially Protected Areas (Matsuoka et al., 2018; Terauds, 2016).

sures taken pursuant to [the] Protocol” and “the need to update,
strengthen, or otherwise improve such measures.” Evaluating
the effectiveness of ASPAs therefore falls comfortably within
the purview of the CEP and aligns with the environmental
protection directives of the Protocol.

There are numerous methodological approaches for assess-
ing protected area effectiveness. Impact evaluation studies
quantify the effect of a protected area relative to no (or an
alternative) intervention (Ferraro, 2009), where impact means
the difference between the outcome of interest in the pro-
tected area and what would have occurred in that same area
without its designation. The latter scenatio is called the counter-
factnal, against which impact is quantified (Ferraro & Pattanayak,
20006; Miteva et al., 2012; Pressey et al., 2015). Using a coun-
terfactual approach, impact evaluation studies can identify the
extent to which observed outcomes can be attributed to the
intervention of interest and eliminate alternative explanations
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TABLE 1  Average number of permitted annual visitors from 2012 to 2019 per square kilometer of Antarctic Specially Protected Area (ASPA) categorized by

primary reason for designation (Secretariat of the Antarctic Treaty, 2022)

Primary reason for

Average number of visitors®

designation® Total area (km?)P Average number of visitors”® per square kilometer

Major terrestrial or marine 93 513 5.5
ecosystems

Important or unusual 1587 1229 0.8
assemblages of species

Inviolate areas 117 69 0.6

Ongoing or planned scientific 1074 408 0.4
research

Geological, glaciological, or 676 149 0.2
geomorphological features

Outstanding aesthetic and 418 6 0.01

wilderness value

*Excluding the following ASPA designation categories: the type locality or only known habitat of any species (no ASPAs designated primarily for this purpose); sites or monuments of

recognized historic value (outside scope of article and small total area of 0.3 km?); and other areas as may be appropriate to protect the values set out in Article 3, paragraph 1 of Annex V

(ambiguous categorization and small total area of 15.13 km?).
PRounded to nearest whole number.

€Any person (e.g., tourist, scientist, and other personnel) permitted to enter an ASPA, regardless of the nature of the visit.
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FIGURE 2 Distance to neatest research station versus total number of
permitted visitors to each Antarctic Specially Protected Area (ASPA) from
2012 to 2019 (visitor means any person, e.g,, tourist, scientist, and other
personnel, permitted to enter an ASPA, regardless of the nature of the visit).

(Ferraro, 2009; Schleicher et al., 2020). A recent global litera-
ture review by Rodriguez-Rodriguez and Martinez-Vega (2022)
summarized the characteristics of 76 protected area effective-
ness studies from the past decade. Factors most commonly
reported to contribute to protected area effectiveness related
to management, legal or regulatory factors, and policy or polit-
ical influences. The most common indicators of effectiveness
in terms of biodiversity outcomes were land use change, and
species richness, abundance, or density. Studies in Europe,
Asia, and America dominate the protected-area-effectiveness
literature; no Antarctic studies have been published.

Impact evaluation requires attributing effects to causes
via experiments or quasi-experiments (Ferraro & Pattanayak,
2006). Although randomized experimental designs produce
more robust results, these are generally infeasible for protected
area impact evaluation, so quasi-experimental methods are
preferred. Quasi-experimental methods include natural exper-
iments, instrumental variables, difference-in-differences, and
matching (Ferraro, 2009; Ferraro & Pattanayak, 2006; Jones
& Lewis, 2015; Miteva et al.,, 2012; Schleicher et al., 2020).
Matching methods compare indicators in treated units (e.g,
ASPAs) with those of control units (e.g.,, unprotected areas)
that match in terms of observable characteristics that influence
both the likelihood of a unit receiving the treatment and the
outcome of interest (Figure 3). Such characteristics are con-
founding factors, which if not controlled for could mask the
treatment effect (Ferraro & Pattanayak, 2000; Jones & Lewis,
2015; Schleicher et al., 2020). There are numerous examples in
the literature of the description and application of matching and
other quasi-experimental impact evaluation methods (see Ribas
et al., 2021; Schleicher et al., 2020). Of the 76 protected-area-
effectiveness evaluations described by Rodriguez-Rodriguez
and Martinez-Vega (2022), 22 used quasi-experimental
designs, which were considered to produce more reliable
results.

Maxwell et al. (2020) outline 2 different approaches for
evaluating the effectiveness of protected area management for
conserving protected values: threat reduction evaluation and
outcome evaluation. Threat reduction evaluation is used to
assess the extent to which a protected atea reduces human
pressures on protected values. Outcome evaluation is used to
assesses whether a protected area is achieving its end goals
through examination of changes in indicators of the state of
protected values. Each evaluation type relies upon counter-
factual analyses (Maxwell et al.,, 2020; Pressey et al., 2015).
Although outcome evaluation is the most direct approach for
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Confounder

A variable that influences both the likelihood of any area being designated as an
ASPA and an outcome, a mediator, or both

(e.g., proximity to a research station or tourist landing site)

Intervention

Mediator

A variable on the causal pathway between the
intervention and an outcome, such that protection status
influences the outcome only through the mediator

(e.g., level of anthropogenic disturbance)

Outcome

Protection status

(i.e., ASPA or non-ASPA)

A variable hypothesized to be influenced by
protection status, either directly or through one
or more mediators, whether intended or
unintended

(e.g., ecosystem condition)

Moderator

Direction of arrow = causal pathway

X >Y

A variable that influences the magnitude and/or direction of the effect
of protection status on a mediator or outcome

(e.g., ASPA age, size, ecosystem type, or placement)

FIGURE 3 Relationships between variables influencing the causal effects of Antarctic Specially Protected Area (ASPA) designation on outcomes of interest for

consideration in the design of impact evaluation studies (Ferraro & Hanauer, 2015; Pressey et al., 2015; Qiu et al., 2018).

assessing protected area impact in terms of environmental pro-
tection objectives (Maxwell et al., 2020), threat levels can be
a meaningful proxy for the state of protected values if threat
reduction is a causal mechanism through which the desired
state of protected values is achieved (Ferraro & Hanauer, 2015;
Pressey et al., 2015).

Impact evaluation reveals whether conservation interven-
tions work. What, then, are the implications for protected
areas with nonsignificant or negative conservation impact?
The degazettement of protected areas (i.e., removal of formal
protection status) is controversial, though sometimes justi-
fiable, such as where the replacement of underperforming
protected areas with more effective ones can generate greater
conservation outcomes overall (Fuller et al., 2010). Indeed,
the degazettement of a protected atrea is unlikely to have a
negative conservation impact if it was not delivering con-
servation benefits in the first place (Tesfaw et al., 2018).
However, degazettement is neither the only nor necessarily the
preferred option, particulatly when considering system-wide
petformance. Impact evaluation of protected areas enables the
identification of drivers of positive conservation impact, reveal-
ing opportunities for underperforming and new protected areas
to be more effectively managed. For instance, an evaluation
by Wauchope et al. (2022) showed that protected areas had
mixed impacts on waterbird populations, but that effectiveness
was positively associated with taxa-specific area management.
Thus, adaptively learning from impact evaluation studies to
enhance protected area effectiveness can uphold and strengthen
the credibility of one of the key tools globally for conservation

(Geldmann et al., 2019). Evaluating the conservation impact of
ASPAs can support positive conservation outcomes in Antarc-
tica by affirming a site’s continued protection by demonstrating
an ASPA’s positive impact or revealing opportunities to improve
ASPA effectiveness by adjusting specific management actions or
broader policy settings.

APPROACHES AND CHALLENGES FOR
EVALUATING ASPA IMPACT

Knowing Zow it works to find out ¢fit works

The conservation impact of an ASPA is influenced by poten-
tially numerous factors (Figure 3). A confounder is a vatiable
that influences the likelihood of any area being designated as an
ASPA and simultaneously influences an outcome of interest or
a mediator that drives that outcome. As confounders present
rival explanations for observed effects, they must be controlled
for when evaluating impact. For instance, in forested ecosys-
tems protected areas are often located at higher elevations where
human impacts are less likely to occur (Joppa & Pfaff, 2009);
thus, elevation is a confounder, presenting an alternative expla-
nation to protection for a high-elevation site remaining intact.
An ASPA impact evaluation must therefore compare treatment
and control units that match as closely as possible in terms of
any confounding factors. An example of a confounder may be
proximity to sites of human activity because ASPAs are likely to
be located closer to tourist landing sites and research stations
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(Hughes & Grant, 2017; Shaw et al., 2014) and it is reason-
able to expect that levels of anthropogenic disturbance may
also be higher near sites of human activity (Figure 2). Mod-
erators (or modifiers) are factors that influence the magnitude
or direction of a treatment effect and generate heterogeneity in
intervention outcomes (Ferraro & Hanauer, 2015). These fac-
tors may be geographical, ecological, or institutional, such as an
ASPA’s size, age, ecosystem type, or placement. Thus, to enable
ASPA impact evaluation studies, the causal pathways through
which ASPA designation generates conservation outcomes, and
the confounders and moderators that influence these, must be
articulated.

Applicability of data collection and monitoring
efforts

Can existing data be used to evaluate the conservation impact of
ASPAs? In terms of threat reduction evaluation, an ASPA’s con-
servation impact is the avoided human pressure in the area as a
result of its designation. The major pressures avoided by ASPA
designation relate primarily to infrastructure development (e.g;,
stations, runways, whatfs, transport routes), though in practice
it may be challenging to determine whether such developments
would have progressed had an ASPA not been designated, mak-
ing the counterfactual difficult to infer. Other local-scale, but
less conspicuous, threats to ASPA effectiveness include environ-
mental pollution, non-native species, and any negative effects
of human activities inside ASPAs, which can be categorized
as unintended negative impacts arising from permitted visita-
tion (Table 1) that conforms with ASPA management plans;
permitted visitation not fully conforming with ASPA manage-
ment plans; or unauthorized visitation (ATCM, 2019b; Hughes
et al,, 2013). Given the potential for unauthorized activities to
cause environmental harm, approaches to quantifying pressures
on Antarctic environments are incomplete if those pressures
include only permitted activities and exclude unregulated (and
likely undocumented) impacts. The utility of existing data is
further limited by some operators’ failure to meet informa-
tion exchange requirements about ASPA visitation (Pertierra
& Hughes, 2013). There is evidence of impacts arising from
breaches of ASPA protocols, such as vehicle tracks beyond
regulated routes, interference with wildlife, abandoned equip-
ment, trampled vegetation, unauthorized biological sampling,
and littering (Braun et al., 2012; Hughes et al., 2013; Pertierra
et al., 2018). However, because human impacts in ASPAs are
not routinely monitored, the intensity, spatial extent, and effects
of these impacts cannot be reliably quantified using existing
data (Hughes et al., 2013). Given failutes to report ASPA man-
agement plan breaches (Pertierra & Hughes, 2013) and the
challenges of enforcing compliance with the Protocol (Convey
et al., 2012), the legal consequences of breaching ASPA proto-
cols may be inconsistent or even nonexistent, making impact
evaluation all the more necessary.

Although a majority of ASPA management plans allow entry
for sporadic or ongoing site monitoring, few specify monitoring
as a management requirement. “Ambient monitoring” (Mascia

et al., 2014) may generate some information about the pres-
ence and condition of ASPA values over time, but it cannot
enable an outcome evaluation unless meaningful comparisons
can be drawn to a carefully established counterfactual. Even
when the goal of an ASPA is simply to maintain the current
condition of its protected values, the maintenance (or other-
wise) of those values in practice cannot be causally attributed
to the ASPA without reference to the counterfactual. Although
monitoring the presence and condition of ASPA values over
time may suffice to confirm outstanding values remain intact,
it does not allow conclusions about an ASPA’s impact to be
made. It can therefore be difficult to infer the effectiveness of
conservation interventions from studies that were not designed
in such a way to enable evaluation of impact based on causal
inference (Ferraro & Pattanayak, 2000; Miteva et al., 2012).
However, ambient monitoring data could be repurposed and
supplemented to enable impact evaluation (Mascia et al., 2014);
therefore, the applicability of existing data sets should first be
assessed to achieve efficiencies where possible.

Many factors challenge the collection of suitable data for
ASPA impact evaluations. To date, most researchers evaluat-
ing protected area impact have used satellite imagery to detect
changes in forest cover as an indicator of ecosystem condi-
tion (e.g, Jones & Lewis, 2015; Miteva et al., 2012). There is a
significant gap in the research about how to apply similar meth-
ods to different ecosystem types, including polar environments.
Adams et al. (2015) explored this gap in the context of impact
evaluation in freshwater systems that, despite contrasting bio-
physically from Antarctic environments, share similar challenges
in impact evaluation, the most prevalent being the unsuitability
of satellite imagery for environmental monitoring at a resolution
relevant to impact assessment (Patricio-Valerio et al., 2022). In
situ sampling, however, is complicated by the fragility of Antarc-
tic ecosystems and the logistical difficulties of accessing remote
or hostile environments. Unmanned aerial vehicles may increase
the likelihood of successful data collection by allowing remote
and fragile ecosystems to be surveyed with high fidelity and
low impact, overcoming some accessibility issues (Bollard et al.,
2022).

Relevance of scale of analysis to management

Individual ASPAs, despite together comprising the ASPA sys-
tem described by Article 12 of the Protocol, are not united by
a common conservation objective beyond the general protec-
tion of outstanding values. Although all ASPAs are established
under the same regulatory framework (Annex V of the pro-
tocol), via the same institutional process (a Measure adopted
at an ATCM), and have management plans with similar struc-
tures and language, ASPAs differ in terms of the values they are
designated to protect, their age, their managing parties, their per-
mitting criteria, and their management objectives and actions.
Moreover, once adopted by the ATCM, ASPAs are predomi-
nantly managed discretely by their proponent parties (Hughes
& Grant, 2017). Though evaluations of protected area impact
at national, continental, or global scales can contribute valu-
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Snapshot of risk factors: Data collection for impact

Easily accessible by land and sea, only ~500m from Carlini Station.

«  High visitor numbers: ~117/year' (between 2012-2019). + In situ observation and sampling may be required for an outcome evaluation.
Data from existing monitoring programs, such as the CCAMLR Ecosystem
Monitoring Program, can be supplemented with new data.

+  Similar data collection efforts must take place at control sites.

Climate change is altering ecological processes.
+  Given these risks, the ASPA aims to prevent human disturbances.

Drone imagery may support a threat reduction evaluation.

Establishing the counterfactual:

+ Toenable a quasi-experimental evaluation approach (e.g., matching,
synthetic control, BACI), one or more suitable control (unprotected) sites
must be identified.

Confounding variables, such as accessibility from Carlini Station, must
be controlled for to attribute observed outcomes to the ASPA.

Conservation impact evaluation approaches:

Outcome evaluation:

+  Research question: To what extent has ASPA 132 maintained or
improved the structure and/or composition of its biodiversity,
relative to the counterfactual?

Potential outcome indicators: Species abundance, frequency,

How does protection generate conservation outcomes?

*  An evaluation of the ASPA's conservation impact must be informed by
an understanding of the causal pathways through which its intended
conservation outcomes may be achieved.
Atheory of change can be constructed based on the ASPA's

plan and the of and experts.
For example, the management plan indicates the following causal
pathways between intervention and outcome:

and/or richness?.
Intervention: Mediator:

Threat reduction evaluation: Snapshot of protected values: Intervention: _—» AO% e1ly by - R et . Outcome:
Research question: To what extent has ASPA 132 reduced human + Coastal areas host important bird colonies, sea mammal breeding colonies, des/?gs:a/tion \ human disturbances imph:‘;'g;as'?"(]g[m
pressures on protected values, relative to the counterfactual? and abundant vegetation. A /. and composition

+  Potential threat indicator: Extent of visible human disturbance (e.g., +  The objective of pi ing this biodiversity is to avoid signi changes in the o é:::&vmg»gr:c ! of s:rt:vn?u:?t?:fs
footprints, debris, pollution) inside ASPA. structure and composition of flora and fauna communities. sampling

FIGURE 4 An example of a conservation impact evaluation approach at Antarctic Specially Protected Area (ASPA) 132: Potter Peninsula, King George Island.

Situated in the South Shetland Tslands above the Antarctic Peninsula, the 2.17-km? ASPA was designated primarily to protect the site’s diverse wildlife, which is

representative of the broader ecosystem. The information about ASPA 132 presented in this figure was sourced from the Management Plan for ASPA Number 132
Potter Peninsula (ATCM, 2018). Additional sources: (1) Secretariat of the Antarctic Treaty (2022) and (2) Noss (1990).

able insights to system-wide governance approaches, in addition
to the data collection challenges discussed above, these differ-
ences between individual ASPAs complicate the selection of
confounders and indicators to inform a threat reduction or
outcome evaluation of the ASPA system as a whole. Thus, at
least in the first instance, impact evaluation of multiple ASPAs
individually is likely a more feasible method for assessing the
effectiveness of the ASPA “system,” which may be taken as the
sum of that of its parts. Further, this approach is potentially
more informative for management given the scale at which it
occurs in practice, enabling the identification of management
factors that influence effectiveness. Both spatial and temporal
heterogeneity in ASPA impact may be relevant for identifying
these factors (Miteva et al., 2012). An example of an approach to
evaluating the conservation impact of an individual ASPA based
on the principles outlined in this section is presented in Figure 4.

WAYS FORWARD FOR ASPA IMPACT
EVALUATION

The systematic revision of the ASPA system is a vital aspect
of ensuring its effectiveness; however, it should not be consid-
ered as an end in itself as neither extent nor representativeness
of protection equates to, or guarantees, conservation impact.
Although impact evaluation studies in Antarctica will incur
new research and monitoring requirements, they will ultimately

improve the efficiency of Antarctic area-based conservation
interventions by identifying what does and does not work to
preserve Antarctic biodiversity and environments (Miteva et al.,
2012). To enhance existing ASPA monitoring and review proce-
dures, our overarching recommendation is to begin conducting
impact evaluation studies for ASPAs to determine their causal
effects on Antarctic environments. The following actions will
enable progtress toward that goal.

Articulating a theory of change

To determine the conservation impact of ASPAs, the specific
conservation outcomes ASPAs are intended to generate—and
how—must first be articulated (McIntosh et al., 2017). This
requires a theory of change—a hypothesis based on explicit
assumptions about the causal pathways by which an interven-
tion generates particular outcomes (Ferraro, 2009; Mclntosh
et al., 2017). A theory of change is required to determine
the suitability of study designs and data sources (Ferraro &
Hanauer, 2015). Without one, ASPA impact evaluations may
exclude covatiates that influence the treatment effect (Figure 3)
(Miteva et al.,, 2012) or control for irrelevant variables. A the-
ory of change can also serve as a guide for policy review and
improvement by highlighting variables that can be manipu-
lated and assumptions that must be satisfied to ensure ASPAs
achieve desired conservation outcomes (Mclntosh et al., 2017).
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To improve policy settings, theories of change should also
include unintended outcomes, whether positive or negative (Qiu
etal., 2018), so that these can be managed appropriately. Impor-
tantly, acknowledging that ASPAs are discretely managed units
with unique spatial and institutional characteristics, evaluators
must draw upon context-specific data sets and the knowledge of
experts to ensure theories of change ate tailored to the ASPAs
whose effects they describe.

Theories of change can also articulate what effect, if any,
ASPAs may produce in relation to mitigating the effects of
threatening processes acting at different scales. For instance,
when conducting a threat reduction evaluation, the evaluator
must consider what threats the intervention can feasibly miti-
gate. With regard to climate change, although protected areas
provide refugia to allow species to adapt to a changing climate
in the absence or reduction of other threatening processes, they
may do little to shield an ecosystem from the effects of climate
change if these effects cannot be directly managed (Smith et al.,
2020). Thus, although monitoring the effects of climate change
inside protected areas may be of interest, such an assessment
may not be relevant within an impact evaluation if the the-
ory of change does not describe a causal pathway by which an
area’s protection would mitigate the effects of climate change
relative to the counterfactual. Further, climate change can inter-
act synergistically with other threats and may therefore act as a
moderator by influencing the magnitude of a treatment effect.
For example, the effects of anthropogenic disturbance inside
an ASPA (a mediator) on ecosystem condition (an outcome)
may be moderated by the changing climate, such as where cli-
mate warming interacts synergistically with human activity to
heighten the risk of human-assisted non-native species dispersal
(Tin et al., 2009).

Building evaluation principles into intervention
design

Conservation interventions should be designed and imple-
mented in a way that allows for future evaluation of their
impact—especially in Antarctica, where logistical factors restrict
ambient monitoring at a scale and resolution relevant for impact
evaluation studies (though autonomous monitoring stations,
such as those proposed by the Antarctic Nearshore and Terres-
trial Observing System, could support such efforts). To support
future impact evaluations, ASPA management plans could spec-
ify suitable control (i.e., unprotected) sites for comparison based
on methods such as statistical matching. Further, the collec-
tion of baseline data from control and treatment sites at the
time of ASPA designation would support robust before—after,
control-intervention studies (Jones & Lewis, 2015). In addition
to environmental variables, baseline data collection should align
with a social—ecological systems approach by incorporating rel-
evant social (e.g,, political and institutional) factors given their
potential to influence treatment effects (Mascia et al., 2017).
Additionally, ASPA management plans should specify the indi-
cators on which a threat reduction evaluation (e.g., extent of
anthropogenic disturbance) or outcome evaluation (e.g., ecosys-

tem condition) should be based (Hughes & Grant, 2018).
Appropriate indicators will not be identifiable, however, until
a coherent theory of change specifies the mediators and out-
comes for which indicators are required. Existing research into
ASPA values, though not in the context of impact evaluation,
highlights potentially suitable indicators of ASPA effectiveness.
For instance, indicators of mediators may include severity of
human trampling damage to moss assemblages (Pertierra et al.,
2018) or extent of human footprints and artifacts (Bollard et al.,
2022), and indicators of outcomes may include coverage and
density of native or non-native vegetation (Bollard et al., 2022).
Finally, ASPA management plans should specify approaches
for reporting the methods and results of impact evaluations
(McIntosh et al.,, 2017). Ideally, these approaches would be
standardized within and mandated by Antarctic institutional
documents and practices.

Employing complementary approaches

Impact evaluation is one of many ways to address questions of
protected area effectiveness, and other methods can contribute
important information for improving management and ulti-
mately conservation outcomes. Two such tools, both drawing
upon expert knowledge, are the rapid assessment and prioritiza-
tion of protected area management (RAPPAM) methodology,
for assessing the overall management effectiveness of protected
areas across a region (Ervin, 2003), and the management effec-
tiveness tracking Tool (METT), for reporting progress on the
management effectiveness of individual protected areas (Stolton
et al., 2007). Similatly, the protected areas benefits assessment
tool + (PA-BAT+) utilizes stakeholder opinion to describe how
benefits ate perceived to flow from conservation areas (Ivanic
et al., 2020). These tools could inform decision-making about
ASPA management, and facilitate comparisons with, and les-
son learning from, other protected areas around the world.
Evaluation frameworks will also benefit from incorporating
social dimensions because social-ecological interactions both
shape and are shaped by the effects of conservation interven-
tions (Mascia et al., 2017). The social dimensions of protected
areas include the functions and services they provide to people
(Li et al, 2022), and frameworks for describing these typi-
cally examine indicators relating to economic well-being, health,
political empowerment, education, and culture (Mascia et al.,
2017). However, it is currently unclear to what extent such
indicators are relevant in the Antarctic context, and how to
identify alternative indicators. Thus, there is an opportunity to
adapt existing or develop new evaluation frameworks incorpo-
rating the social dimensions of environmental management in
the Antarctic context.

Evaluating ASPA impact and extending findings

Post evaluation, findings about ASPA effectiveness have sev-
eral policy implications. As knowledge about ASPA perfor-
mance comes to light, in addition to informing the adaptive
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management of individual ASPAs, evaluations can examine
spatial, temporal, and institutional heterogeneity in ASPA out-
comes and explore the extent to which contributors to success
are transferable or scalable across the continent. It is also impor-
tant to look beyond the boundaries of ASPAs to identify any
spillover effects of protection, whether positive or negative (i.e.,
leakage), which are consequential not only for impact evalu-
ation study design (Schleicher et al., 2020), but also for the
legitimacy and functioning of the Protocol because they rep-
resent unintended effects of conservation interventions that
may require management. Finally, by extending impact evalua-
tion approaches to Antarctica’s other conservation mechanisms,
decision makers can compare the benefits, limitations, and
impact of each approach to optimize conservation outcomes
over land and sea and work toward policy harmonization.

CONCLUSIONS

The external legitimacy of the Antarctic Treaty System depends
on the “credible and effective” protection of the Antarctic envi-
ronment (Flamm, 2022, p. 16). Evaluating the effectiveness of
ASPAs, and identifying factors that influence their effective-
ness, will enhance the standard of best available science that is
required by Article 10 of the Protocol to inform Antarctic envi-
ronmental management. Importantly though, the application of
impact evaluation approaches must be combined with a precau-
tionary approach to conservation. Given spatial and temporal
heterogeneity in the availability of data to enable impact evalua-
tion studies, the evaluability of ASPAs is unlikely to be uniform
at present. Acknowledgement of the current lack of knowledge
about the conservation impact of ASPAs should not be consid-
ered a bartier to the expansion of the ASPA system, but rather a
timely opportunity to improve its efficiency in its design phase
by illuminating, understanding, and exploiting drivers of ASPA
effectiveness.
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