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Abstract Protected areas are under immense pressure to
safeguard much of the remaining global biodiversity and
can be strained by unpredicted events such as the Covid-
 pandemic. Understanding the extent of the effects of
the pandemic on protected area management and conserva-
tion outcomes is critical for recovery and future planning to
buffer against these types of events. We used survey and
focus group data to measure the perceived impact of the
pandemic on protected areas in Mexico and outline
the pathways that led to these conservation outcomes.
Across  protected areas, we found substantial changes in
management capacity, monitoring and tourism, and a slight
increase in non-compliant activities. Our findings highlight
the need to integrate short-term relief plans to support com-
munities dependent on tourism, who were particularly vul-
nerable during the pandemic, and to increase access to
technology and technical capacity to better sustain manage-
ment activities during future crises.
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Introduction

Unexpected events such as the Covid- pandemic can
have substantial impacts on conservation outcomes.

These impacts can be difficult to predict and could vary
over time. Initially, global restrictions on human mobility
led to positive impacts on the environment, including

clearer skies, cleaner waterways, reduced ecosystem stress
and increased sightings of sensitive species in human-
dominated landscapes (e.g. Bates et al., ; Cheval et al.,
; Corlett et al., ; Manenti et al., ). However, as
the pandemic and the associated restrictions continued, there
was a rise in illegal activities such as wildlife trafficking and
illegal logging, and growing pressure within many protected
areas (e.g. Hockings et al., ; Cumming et al., ).

Research on the impact of the pandemic in protected
areas has found increased threats to biodiversity and nega-
tive management capacity and tourism outcomes, with the
impact often varying regionally (Buckley, ; Hockings
et al., ; Jacobs et al., ; Lindsey et al., ;
McCleery et al., ; Singh et al., ; Spenceley et al.,
). For example, illegal logging, encroachment and subsist-
ence hunting were found to increase in South America and
Africa,whereasgrazingandnon-timber forest product gather-
ingwere identified as theprimary threats inmost other regions
(Singh et al., ). Additionally, although changes in tourism
havebeennegative overall, the specific impacts (e.g. changes in
visitors, tourism income or non-compliance with protected
area regulations) have varied across countries (Spenceley
et al., ). Continued research is needed to fully understand
the impacts of the pandemic on protected areas and how they
vary geographically. Here we add to the growing body of
knowledge on the impacts of Covid- on protected areas by
summarizing the impactsof thepandemicasperceivedbypro-
tected area managers across Mexico.

In addition to understanding the impact of the pandemic
on protected areas it is critical to understand how and why
these impacts occurred. However, clear models identifying
specific impact pathways as well as protected area character-
istics that could influence the level of impact remain limited,
with only a few studies presenting evidence of these links in
South Africa (Smith et al., ) and for marine protected
areas globally (Phua et al., ). We used survey and
focus group data to develop a theory of change to help fill
these knowledge gaps. Specifically, we drew on survey data
from  protected area managers to identify changes to
protected area inputs (e.g. human and financial capacity),
mechanisms (e.g. monitoring) and non-compliant activities
(e.g. illegal logging) as a result of the Covid- pandemic.
We then used qualitative data from focus groups and open-
ended survey questions to better understand how these
changes were connected.
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Perceptions of protected area managers and rangers have
been identified as important yet understudied sources of in-
formation for assessing conservation trends in protected
areas (Cook et al., ; Cvitanovic et al., ; Pyhälä
et al., ; Moreto & Charlton, ). Given their responsi-
bility to monitor protected area resources on a regular basis,
they are well positioned to provide insights regarding the
impacts of significant events such as the Covid- pandemic,
especially when limited alternative forms of data are avail-
able. Our research joins a growing number of studies pre-
senting perspectives of managers as critical evidence of
the impact of the pandemic on protected areas (e.g. Singh
et al., ; Smith et al., ; Waithaka et al., ) whilst
also aiming to outline the specific pathways that led to
the perceived conservation outcomes. Understanding the
pathways through which unexpected events such as the
Covid- pandemic impacted protected area performance
could help protected area managers and conservation prac-
titioners to design post-pandemic relief efforts and plan
for future crises such as political instability, economic
shocks and the climate crisis.

Study area

Our study sought to measure the impacts of the Covid-
pandemic across protected areas in Mexico, a global bio-
diversity hotspot. The country has an extensive network of
. , designated protected areas, covering .% of its
terrestrial surface and .% of its coastal and marine area.
We focused on a subset of these areas, specifically those
managed and monitored by the Comisión Nacional de
Áreas Naturales Protegidas (National Commission for
Natural Protected Areas; CONANP) because of our previ-
ously established relationship with CONANP and knowl-
edge of their protected area network (Fig. ).

CONANP manages  protected areas, including
National Parks (IUCN Category II), National Monuments

(IUCN Category III), Flora and Fauna Protection Areas
(IUCN Category VI), Natural Resource Protection
Areas (IUCN Category VI), Sanctuaries (IUCN Category
II) and Biosphere Reserves (IUCN Categories a and VI).
These areas cover diverse ecoregions and protect unique
ecological and cultural resources, including critical habitat
for threatened species and archaeological sites. The diversity
of these protected areas creates a unique opportunity to in-
vestigate the full range of potential impacts, from tourism to
resource extraction.

Methods

Tomeasure the perceived impacts of the Covid- pandemic
on protected areas in Mexico, we first designed a theory of
change to identify the potential areas of change. Theories
of change facilitate understanding of complex situations
by outlining key factors and causal mechanisms that lead
to specific outcomes (Mayne, ). Researchers have ar-
gued for the increased application of theories of change in
conservation to improve project design and evaluation
(e.g. Rice et al., ). We developed our initial theory of
change with the help of CONANP and through a review
of the existing literature. The theory of change outlines
how protected area inputs link to conservation outcomes
through various mechanisms and moderators (Table ).
Mechanisms are the processes through which inputs lead
to positive or negative outcomes, which can be enhanced
or obstructed by moderators, or external factors (not af-
fected by inputs), ultimately affecting the ability to achieve
a specific goal (Ferraro & Hanauer, ).

We refined the theory of change using data from two vir-
tual focus groups, and we used the refined theory of change
to guide the design of an online survey. We present the
theory of change as part of our results, adjusted to highlight
the survey findings (Fig. ). The following sections outline
the components of our theory of change, our justification

FIG. 1 Protected areas (PA) in Mexico that
participated in the focus groups and responded
to the survey ( Flora and Fauna Protection
Areas,  Biosphere Reserves,  National Parks,
one Sanctuary and one Natural Resource
Protection Area). (Readers of the printed journal
are referred to the online article for a colour
version of this figure.)
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for the inclusion of each component and our hypothesized
impacts of the pandemic.

Theory of change: impacts of Covid-19 on protected
areas

Inputs: human and financial capacity Greater manage-
ment capacity has been found to have a positive relationship
with conservation outcomes in protected areas in Mexico
(Powlen et al., ) and globally (Geldmann et al., ).
Management capacity includes human and financial cap-
acity, which influence the ability to carry out management
activities such as monitoring, maintenance and collabora-
tive decision-making. Recent evaluations have noted several
negative impacts of the pandemic on human capacity, in-
cluding anxiety, fatigue and communication challenges, as

well as reduced financial capacity and increased financial
uncertainty (Smith et al., ; Waithaka et al., ).

In addition, by March  at least  countries had pro-
posed cuts to protected area management agency budgets
or environmental regulation rollbacks, including Mexico
(Cumming et al., ; Kroner et al., ). Researchers
predicted a similar reduction in philanthropic and inter-
national aid for protected areas as a result of the pandemic
(e.g. Lindsey et al., ). Based on these findings we chose
to examine both human and financial capacities as the
primary management inputs for our theory of change.

We hypothesized that the pandemic would lead to a re-
duction in human capacity inMexico because of restrictions
on mobility, illness and a reduction in staff availability as a
result of new tasks (e.g. increased cleaning and sanitization
in public spaces, virtual technology) or for familial reasons
(e.g. lack of childcare, ill family members; Jacobs et al.,
). Additionally, we predicted a shift in government
spending priorities, reducing the overall financial capacity
of protected areas in .

Outcomes: biodiversity threats During the pandemic
threats to biodiversity have increased in protected areas,
with some regional variation (Hockings et al., ; Singh
et al., ; Waithaka et al., ). We identified a list

TABLE 1 Main components of the theory of change (Fig. ).

Category Component

Inputs Management inputs (human& financial capacities)
Mechanisms Monitoring activities, visitation
Moderators Governmental & NGO programmes, emergency

funds, in-person support
Outcomes Non-compliance, changes in ecosystem health

FIG. 2 Theory of change (Table ), indicating the findings from the survey results. Substantial area of impact: change reported in
. % of the participating protected areas in Mexico; moderate impact: change reported in –% of participating protected areas;
slight impact: change reported in , % of participating protected areas. PROFEPA, Procuraduría Federal de Protección al Ambiente
(Federal Attorney for Environmental Protection). PA, protected area. (Readers of the printed journal are referred to the online article
for a colour version of this figure.)
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of non-compliant activities that pose a threat to the pro-
tected area network in Mexico using responses from the
Management Effectiveness Tracking Tool (Stolton &
Dudley, ), existing literature and our prior knowledge,
to measure changes in threats to biodiversity. The non-
-compliant activities included illegal or unpermitted hunt-
ing, fishing, logging, mining, camping and trail use, land
clearing for agriculture, settlements and human-caused fires.

Mechanisms: tourism andmonitoring Previous pandemic-
related research has identified impacts on two key protected
area mechanisms that can shape protected area perform-
ance: monitoring activities and tourism (e.g. Bates et al.,
; Hockings et al., ; McCleery et al., ;
McGinlay et al., ; Mitchell & Phillips, ; Spenceley
et al., ). Monitoring is a critical mechanism for reducing
non-compliant activities in protected areas. Tourism pro-
vides financial support to protected areas and livelihood
opportunities to neighbouring communities, in addition to
increasing overall human presence in protected areas, ultim-
ately decreasing the likelihood of non-compliant activities.
Although we recognize that other mechanisms exist that
can influence protected area performance, we focused on
these two mechanisms and sought to understand how
changes in each can lead to changes in the non-compliant
activities identified previously.

Protected area monitoring can vary in terms of total area
monitored, monitoring frequency, number of personnel
responsible for monitoring and support from community
monitoring groups. We expected reductions in staff availabil-
ity and financial capacity and mobility restrictions to reduce
the capacity for monitoring across all four dimensions. We
also expected that the Procuraduría Federal de Protección al
Ambiente (Federal Attorney for Environmental Protection;
PROFEPA), the agency responsible for the enforcement of
protected area regulations, would experience similar reduc-
tions in staff availability and mobility, reducing their capacity
for enforcement. We expected that a reduction in monitoring
and enforcement capacity amongst protected area staff and
PROFEPA would lead to an increase in non-compliance
with protected area regulations, and threats to biodiversity.

As part of the response to the pandemic, protected areas
in Mexico were closed to the public during March–June
, with restricted reopening thereafter, starting at %
capacity (CONANP, ). We therefore predicted a de-
crease in the total number of visitors to protected areas in
. Based on previous studies (e.g. Manenti et al., ),
we expected this to lead to an improvement in ecosystem
health because of a reduction in damage caused by visitors.
However, we also expected that reduced visitation would de-
crease protected area financial capacity and income oppor-
tunities for local communities, potentially increasing the
risk of non-compliant activities.

Moderators We expected that non-compliant activities
would be moderated by additional income gained through
government subsidies and sustainable development pro-
grammes such as the Programa de Conservación para el
Desarrollo Sostenible (Conservation for Sustainable
Development Program), as well as support from NGOs,
based on our prior knowledge. We predicted that reductions
in government spending and human capacity would
reduce the ability to carry out these programmes. We ex-
pected fewer government support programmes, in combin-
ation with less tourism-related business, to decrease income
for local communities. We expected the decrease in income
for local communities to create a need for new livelihood
activities, potentially increasing non-compliance and threat-
ening biodiversity.

Focus groups

To verify the components in our initial theory of change, we
conducted two virtual focus groups in February with 
directors from various marine and terrestrial protected
areas. We selected participants to represent a range of eco-
regions and IUCN protected area categories, and we invited
them to participate via email. In the focus groups we gath-
ered a range of information about the experiences of each
director in their respective protected areas. Each focus
group began by asking what changes to protected area man-
agement inputs and activities were experienced because of
the pandemic. We then used guiding questions to gather
more information on the reported changes (Yin, ).

After receiving verbal permission from all participants,
we recorded the focus groups, and then a member of the re-
search team transcribed and translated the recordings from
Spanish to English. We coded the transcriptions using a
multi-level coding scheme, grouping key themes into broad-
er categories of protected area inputs, mechanisms, mod-
erators and outcomes (Yin, ).

Survey

We used Kobo Toolbox (Harvard Humanitarian Initiative,
) to create an electronic, Spanish-language survey to
measure perceived changes in protected areas on a national
scale. The design of the survey was guided by the theory of
change, focus groups and a management effectiveness mon-
itoring tool used nationally (i-efectividad; CONANP, ).
We distributed the survey via e-mail to the directors of all
 national protected areas in Mexico that had a manage-
ment plan and annual operating programme. The survey
took a mean of  min to complete.

The survey included binary andmultiple-choice question
formats to measure changes in the inputs, mechanisms,
moderators and outcomes (Table ), and a seven-point
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scale bar to measure the degree to which perceived changes
were considered attributable to the pandemic. Additionally,
multiple optional open-ended questions allowed respon-
dents to expand on their responses or share additional
thoughts (see Supplementary Material  and  for survey
details).

We piloted the survey with five protected area directors
before sending the survey to all protected areas in March
. We made limited adjustments after piloting the
survey, specifically increasing the number of optional open-
ended questions, and therefore included piloted responses
in the final sample. The survey was available for  weeks,
and we sent seven reminders via email. If the director was
not able to take the survey, we invited other management
staff with knowledge of management decisions and opera-
tions to participate.

We used descriptive statistics to identify the degree of
change in various protected area dimensions measured
using structured questions. We translated and coded all
open-ended questions using a multi-level thematic coding
approach similar to the focus group transcripts (Yin,
). We coded major patterns in the data using open
codes and then organized these into broader themes. We
used the codes to verify links in the theory of change and
to identify changes not included previously.

Results

We received responses from  protected areas ( directors
and two managers), representing % of the protected areas
with a management plan and annual operative budget in
Mexico (Fig. ). The protected areas in our sample were pri-
marily Flora and Fauna Protection Areas (%), Biosphere
Reserves (%) and National Parks (%). One Natural
Resource Protection Area and one Sanctuary also partici-
pated. Our sample primarily consisted of terrestrial

protected areas (%), with only % marine and %
mixed terrestrial and marine protected areas. Protected
areas in our sample were designated – years prior to
our study (median  years). Prior to  respondents
had worked at their respective protected areas for –
years (median  years).

Our results indicate that protected area managers gener-
ally perceived negative impacts on protected area manage-
ment capacity, tourism and support for local communities
from the pandemic (Fig. ). Additionally, we found a
general perceived increase in non-compliance in 

compared to . However, as detailed below, we also
note that impacts varied widely across different protected
areas. Using our survey responses to identify substantial
areas of change and qualitative data to link these changes
to reported conservation outcomes, we highlight the poten-
tial pathways through which the Covid- pandemic has im-
pacted protected areas.

Inputs

Respondents reported that themost prevalent impacts of the
pandemic on human capacity were illness (%) and re-
duced time availability (%; Fig. a). Of the  protected
areas with staff who became sick with the virus, % had
, % of staff who became ill and % reported –%
of staff who became ill. At one protected area –% of
staff became ill.

Less than one-third of the protected areas in our sample
experienced hiring freezes on new positions (%) and only
three protected areas were forced to dismiss staff. No pro-
tected areas placed staff on unpaid leave. Additional effects
reported by fourmanagers included emotional impacts such
as stress and anxiety caused by the uncertainty of the pan-
demic. Ten protected areas reported no impacts on their
staff.

FIG. 3 Number of protected areas (PAs) in Mexico that reported (a) perceived impacts of the Covid- pandemic on staff capacity, and
(b) level of sufficiency of budget for basic needs in  compared to , on seven-point scale.
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A total of % of respondents reported budget reductions
in  compared to , with % reporting significant
reductions (Fig. ). Some % of respondents reported no
change in their budgets and one protected area reported
an increase in their budget. The mean estimated budget
reduction from  to  amongst all respondents
was %. When rating the sufficiency of budgets, % of re-
spondents rated their budget at a  out of  or lower, with a
mean rating of . (Fig. b). Although many managers
reported a decrease in financial capacity in , few
perceived the pandemic as the primary driver of this, with
a median attribution of . out of  (Fig. ). As one survey
respondent stated: ‘The Covid- pandemic aggravated and
complicated our activities even more. They were already re-
duced due to lack of money and now also uncertain due to
the pandemic.’

Mechanisms

Protected area managers reported dramatic declines in the
number of tourist and non-tourist visitors (e.g. researchers,
maintenance staff) in . Almost % of protected areas
reported a reduction in tourism of $ %, with little differ-
ence across protected area type. A total of % of protected
areas reported a reduction of $ %. Similarly, % of

protected areas reported a reduction in non-tourist visitors,
with % reporting a reduction of$ %. Approximately %
and % saw increases in tourist and non-tourist visitors,
respectively.

Directors linked the change in tourist (median attribu-
tion  out of ) and non-tourist visitors ( out of ) closely
to the pandemic. In addition to Covid- closures and other
health and safety procedures, respondents reported, in an
optional open-ended question, that reduced visitation had
probably been driven by reduced household spending on
recreational activities (n = ), reduced budgets for research
and project development (n = ) and a perceived increase
in crime around protected areas (n = ).

Protected area managers perceived the reduction in tour-
ism to have had significant impacts on local community
livelihoods, including tourism-related occupations and
supporting industries. As one focus group participant ex-
plained: ‘The pandemic did not directly impact the manage-
ment of the protected area, but rather the economy of the
communities. Since there is no tourism . . . their income fell
to zero.’ As a second participant explained, the impacts went
beyond just those directly engaged in tourism activities:
‘Fisheries, like tourism service providers, were influenced by
[changes in] tourism . . . When there are no tourists, there is
no market where fishermen can sell their product.’

FIG. 4 (a) Per cent of the participating protected areas in Mexico that reported an increase, decrease or no change in protected area
inputs and mechanisms, and (b) the degree to which the changes were attributed to the Covid- pandemic, on a seven-point scale
(median ± SE). PROFEPA, Procuraduría Federal de Protección al Ambiente (Federal Attorney for Environmental Protection).

Covid‐19 and conservation in Mexico 741

Oryx, 2023, 57(6), 736–746 © The Author(s), 2023. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/S0030605322001478

https://doi.org/10.1017/S0030605322001478 Published online by Cambridge University Press

https://doi.org/10.1017/S0030605322001478


In general, the monitoring capacity of protected areas de-
creased in  compared to  (Fig. ). Approximately
% of respondents reported a decrease in monitoring
frequency, % reported a decrease in the total area moni-
tored and % reported a decrease in the total number of
staff responsible for monitoring. In contrast, % of respon-
dents reported increases in both the frequency and area
monitored and % reported an increase in the total number
of staff.

In general, respondents estimated that the frequency of
monitoring decreased, with a % reduction in the number
of monitoring trips (median −%). The total area moni-
tored also decreased by almost %, and the number of
staff responsible for monitoring fell by a mean value of
% (area median −%; personnel median % (i.e. no
change)). Respondents estimated that the pandemic had
the greatest influence on the change in total area being mon-
itored and the frequency of monitoring trips, with the me-
dian pandemic attribution rate of the change in both being
 out of . The attribution rate of the change in the number
of personnel responsible for monitoring was  out of .

Respondents perceived the reduction in monitoring
capacity to be because of reduced human and financial cap-
acity, reduced access to equipment and the restricted ability
to collaborate with groups that support these activities.
As one respondent explained: ‘Changes in the individuals
responsible for inspection and surveillance and budget
adjustments, coupled with problems generated by the
Covid- pandemic, have hampered inspection and surveil-
lance activities in the protected area.’ A second respondent
stated: ‘Monitoring requires collaboration with local
[groups], and this collaboration was reduced by the Covid
pandemic.’

Over half of the protected areas in our study (%) re-
ported a decrease in the level of support provided by
PROFEPA in  compared to . This reduction was
attributed partially to the pandemic, specifically to the mo-
bility restrictions, inability to be in the office, and reduced
staff availability. However, respondents also reported a
multi-year trend of decreasing PROFEPA capacity because
of budget cuts that have left their organizations under-
resourced.

Although community monitoring groups were present in
almost all of the participating protected areas (%),
changes in the level of support provided by these groups var-
ied. A total of % of respondents reported no change in the
level of community monitoring support, % reported a de-
crease and % reported an increase.

Moderators

Over half of the protected areas reported impacts on subsidy
programmes implemented by the protected area for local
communities (%), as well as impacts on other government

programmes (%) and non-governmental programmes
(%). Twenty-five of the  protected areas reporting
changes to subsidy programmes experienced an overall re-
duction in the value of the subsidies provided. Six protected
areas reported delays in subsidy delivery and four reported
other impacts, such as reduced participation and freezes on
new project enrolment.

Approximately %of the protected areas perceived a re-
duction in other government programmes, % reported a
pause and % reported a delay. For non-governmental pro-
grammes, % of managers reported a pause in implemen-
tation, with % perceiving a reduction and % a delay.
There was a high level of uncertainty regarding the impacts
on non-subsidy government programmes and non-
governmental programmes, with % and % reporting
unknown impacts, respectively.

Almost half (%) of the participating protected areas
reported accessing emergency funds that helped to com-
pensate for their limited financial capacity in . Fund-pro-
viding organizations included national and international
conservation funds (e.g. Mexico’s National Fund for the
Conservation of Nature and the Global Environmental
Facility). Many protected areas also reported obtaining add-
itional support to manage activities that were non-compliant
with protected area regulations, which was most often pro-
vided by the National Guard.

Additionally, access to technology (e.g. internet, compu-
ters, social media) emerged as an important moderator
from our focus group and survey data. For those with access,
technology facilitated the continuation of regular manage-
ment activities, monitoring of subsidy programmes and
communicating health and safety guidelines, and such ac-
cess helped them to continue the collaborative decision-
making processes of the advisory council. Other partici-
pants highlighted the lack of such technology as a barrier
to maintaining key management activities. For example,
when talking about the advisory council, one respondent
reported: ‘Only one meeting could be held over the year
and it was held virtually. Many of the counsellors from
local communities found it difficult to attend because they
did not have internet and computers.’

Outcomes

Although responses varied, respondents reported generally
that non-compliance increased across the protected area
network in Mexico in  (Fig. ). The largest increase per-
ceived by managers was in fishing, followed by hunting, the
establishment of new settlements, logging, land clearance
for agriculture and mining. Directors perceived a slight
decrease in the number of human-caused fires and unper-
mitted camping and trail use. The specific patterns of per-
ceived changes in non-compliant activities did not appear to
vary across protected area types.
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Although respondents reported increases in most non-
compliant activities, the perceived degree of attribution to
the pandemic varied. Changes in activities perceived to be
most attributable to the pandemic included fishing (median
 out of ), camping and trail use (median ), hunting (me-
dian ) and logging (median ).

Many protected area managers perceived the lack of a
presence of authorities as the main reason for the perceived
increases in non-compliant activities. One focus group par-
ticipant stated: ‘In March, April, and May, CONANP
[National Commission for Natural Protected Areas] per-
sonnel were confined. However, essential activities contin-
ued, such as fishing. It was said to be taking place in the
protected area and that irregular fishing activities had in-
creased. We received many calls from other fishermen
noticing.’

Similarly, other survey respondents also noted: ‘In the
absence of . . . authorities such as PROFEPA [Federal
Attorney for Environmental Protection], the National
Guard and the police who monitor the roads, we have de-
tected an increase in illegal activities around the protected

area, such as clearings, illegal construction and trespassing’;
and ‘Budget cuts and staff illness reduced monitoring, and
the poachers increased their activity.’ These comments
highlight the links between the lack of a presence of author-
ities and increased non-compliance.

Other respondents highlighted the decrease in livelihood
opportunities as a potential driver of non-compliance, stat-
ing: ‘In the case of illegal fishing, [activity] increased due to
the need to obtain additional sources of economic income’;
and ‘[T]he impact of Covid on the economy increases de-
mand for natural resources that are used and traded
illegally.’

Discussion

We found that protected area managers perceived the
Covid- pandemic as having had substantial impacts on
many of the factors outlined in our theory of change.
Specifically, we found considerable impacts on human cap-
acity and well-being, such as staff illness, increased stress and

FIG. 5 (a) Survey participants’ perceptions of perceived changes in each non-compliant activity occurring in protected areas in Mexico
from  to , from all survey respondents; the violin plot shows the distribution of responses (i.e. the height of the curves
indicates the number of respondents who perceived the per cent change indicated on the x-axis) and the box plot summarizes those
responses as quartiles (Quartile and Quartile of mining and camping are equal to , resulting in no boxplots). (b) The degree to
which perceived changes were attributed to the Covid- pandemic, on a seven-point scale (medians ± SE).
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anxiety and an overall reduction in staff availability, similar to
other research (Smith et al., ; Waithaka et al., ).
Respondents also reported a decrease in financial capacity,
with many respondents perceiving their annual budgets to
be insufficient for their management needs. However, re-
spondents did not perceive changes in financial capacity to
be attributable solely to the pandemic. Rather, they felt that
the financial limitations resulting from the Covid- pandem-
ic further compounded amore significant general trend in re-
duced capacity for protected areas.

These findings are in line with existing evidence on pro-
tected area capacity limitations in Mexico and globally (e.g.
Watson et al., ; Coad et al., ; Singh et al., ). A
recent evaluation found that % of protected areas in
Mexico experienced partially effective or ineffective man-
agement prior to the pandemic (CONANP et al., ),
and it has also been found that . % of the protected
areas in a global analysis did not have adequate staff and fi-
nancial resources (Coad et al., ). Although CONANP
hasmade significant progress in strengtheningmanagement
effectiveness recently (Powlen et al., ), the agency has
continued to experience budget cuts over the past few
years. Thus, as Cumming et al. (, p. ) argues, the
impact of the current global crisis has been found to ‘mag-
nify, intensify, and exacerbate existing structural and sys-
temic financial constraints and weaknesses.’

Tourism, a key mechanism in our theory of change, was
reduced significantly in most protected areas across Mexico,
in line with global trends (e.g. Spenceley et al., ). Our
respondents perceived these decreases to be attributable
largely to the pandemic because of closures and capacity
restrictions. The decrease may have been exacerbated by
international travel bans, given the large number of inter-
national visitors that Mexico usually receives. Although
tourism decreased overall, a small number of protected
areas in our study (%) reported an increase in tourism.
Research elsewhere has found visitation increases in more
accessible protected areas (e.g. near urban areas), driven
by increases in domestic tourism and interest in outdoor
activities because of their reduced virus transmission risks
(e.g. McGinlay et al., ; Spenceley et al., ). Given
the small number of protected areas that experienced an
increase in tourism, we cannot determine any significant
differences between the protected areas that reported
increased or decreased tourism in .

Survey respondents and focus group participants per-
ceived the overall reduction in tourism to have significant
implications for local livelihoods, reducing opportunities
for tourism service providers as well as linked activities.
Additionally, survey respondents reported negative impacts
on community programmes such as subsidies, further ex-
acerbating the negative impacts on local communities.
Previous research has also found that local populations
living in and around protected areas, especially those in

remote areas, have been the most affected by the reduction
in tourism in terms of employment, income and health
(Mitchell & Phillips, ). Future research is needed to
document community perspectives so that we can fully
understand the extent of this impact.

Survey respondents reported substantial changes in
monitoring, the second key mechanism. The reductions in
monitoring, in addition to reduced tourism-related income,
were perceived to be the main drivers of the increase in non-
compliance, similar to predictions in previous research (e.g.
Buckley, ; Hockings et al., ; McCleery et al., ;
Mitchell & Phillips, ). The perceived increase in subsist-
ence and economic-driven activities, such as fishing, hunt-
ing and logging, and decrease in unpermitted camping and
trail use support this hypothesis.

The challenges in monitoring and measuring illicit be-
haviour and non-compliance are well documented (Gavin
et al., ; Solomon et al., ). Given the sensitivity of
the topic and challenges related to detecting certain activ-
ities, it is often best to triangulate evidence using diverse
data sources. For example, the occurrence of a fire could
be spotted easily because of smoke or the burn scar after
the event, but illegal hunting can be more difficult to
detect. Given the range of our outcomes of interest and
the ongoing practical limitations to field research during
the pandemic, additional data sources for triangulation of
the impacts of the pandemic on biodiversity remain limited.
However, we did test the relationships between observed
and perceived forest loss for robustness using data from
Global Forest Watch (Hansen et al., ). We found a
general increase in forest loss in  compared to 

across all responding protected areas, and the direction of
change (i.e. decrease, increase, no change) perceived by
protected area managers was generally consistent with the
observed changes (Supplementary Tables  & ).

We recognize that potential biases could be introduced
when using the perceptions of protected area managers to
measure management conditions and outcomes. For ex-
ample, protected area staff could be incentivized to exagger-
ate positive performance measures whilst providing more
conservative answers for other indicators. Additionally,
protected area managers might not have referred to existing
documents if they were unsure about specific details when
responding to the survey questions. Managers are also
often informed by rangers, who have more direct roles in
monitoring resources, which could introduce additional re-
porting biases or varied perceptions of protected area effec-
tiveness (Moreto & Charlton, ). However, previous
research has highlighted the importance of protected area
manager perspectives and found strong evidence of the
ability of managers to identify broad conservation trends
(Pyhälä et al., ), and their perspectives on management
trends are relied upon regularly in management effec-
tiveness evaluations (e.g. the Management Effectiveness
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Tracking Tool). Nonetheless, future research should at-
tempt to triangulate these findings with additional perspec-
tives such as those of rangers, community members and
tourism service providers, which we were not able to accom-
plish because of pandemic-related travel restrictions.

Our results point to two potential avenues for reducing
the impacts of future global crises on protected areas, simi-
lar to those identified previously (Cumming et al., ;
Waithaka et al., ). The first involves providing protected
area managers with the skills and equipment required to
adopt technological solutions that can help them to main-
tain critical management activities in times of unexpected
crises. There has been an increasing use of technology
in biodiversity conservation, including new management
tools and methods for data collection and resource moni-
toring. However, these approaches often fall short of their
potential because of low user capacity and financial con-
straints (upfront or maintenance costs; Speaker et al.,
). Overcoming these limitations and expanding tech-
nology access across protected area networks could increase
protected area performance during crises by allowing ad-
ministrative tasks to be completed remotely, helping with
the sharing of new information and providing new oppor-
tunities for reporting non-compliant activities.

Secondly, protected areas should consider integrating re-
lief plans into their management strategies, which would
help them to prioritize critical management activities
when capacity is reduced, provide emergency funds to
cover management needs in times of financial uncertainty
(e.g. when government funds are redirected to other sectors)
and provide short-term support to communities, specifical-
ly those reliant on tourism and vulnerable to global eco-
nomic fluctuations. Almost % of the participating
protected areas received support from community monitor-
ing groups, demonstrating the important contributions that
communities play in protected area success. Therefore, it is
important to maintain a positive relationship between com-
munities and protected area management, especially during
unexpected events. Given the negative trends in institutional
support from governments (Kroner et al., ; Waithaka
et al., ), it will be important that these relief plans are
supported by diverse funding mechanisms.

Planning in anticipation of future events should help to
build protected area networks that are more resilient to
unexpected crises, ultimately leading to more positive out-
comes for biodiversity. The Covid- pandemic has high-
lighted the importance of preparedness for shocks and
stressors on protected areas. Our research has identified
potential pathways of impact on conservation outcomes as
perceived by protected area managers across the protected
areas in Mexico during the initial years of the Covid-
pandemic. Specifically, we found a perceived reduction in
human capacity and tourism, ultimately reducing monitor-
ing capacity and financial benefits for communities in and

around protected areas. Additionally, we found a general in-
crease inmultiple non-compliant activities in . The the-
ory of change presented here is not static, and with borders
reopening future research should focus on understanding
how the impacts of the pandemic on protected areas change
over time.

It will be critical to provide support for protected area
managers to help them plan, design and implement
management activities efficiently and effectively, as well as
to help them engage and collaborate with stakeholders to
improve adaptive capacity in protected areas globally.
Protected area planning should also begin to integrate
relief plans and build technological capabilities in anticipa-
tion of future unexpected events and crises. Finally, to be
effective, these plans will need to pay particular attention
to the impacts of such future unexpected events and crises
on local communities.
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