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Legacy effects of locally extinct flagship species on
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Protected areas (PAs) are often established to conserve flagship megafauna so as to mobilize political support and secure sustained
conservation investment, with the expectation that flagship-centered governance will also protect habitat. Despite such efforts, flag-
ship species can experience extirpation, raising a fundamental question: do conservation systems endure beyond the species that
inspired protection? Using a causal-inference framework combining propensity-score matching and the synthetic-control method,
we compared observed forest loss to counterfactual expectations before and after extirpation of the Javan rhinoceros (Rhinoceros
sondaicus) from Vietnam’s Cat Tien National Park and tiger (Panthera tigris) from Laos’s Nam Et-Phou Louey National Park. Our
results show that forest loss trajectories did not change after flagship species extirpation, but pre-extirpation effectiveness differed.
Cat Tien functioned better than expected, while Nam Et-Phou Louey fell short of expectations, and these trajectories persisted.
Ultimately, PA effectiveness was shaped not by flagship species extirpation but rather by the underlying management capacity.
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lagship species have long played a prominent role in conser-

vation due to their charismatic qualities. They help raise
public awareness for species conservation, attract funding, and
mobilize political and public support for the creation of pro-
tected areas (PAs) (Johnson 2012a; Brook et al. 2014; Li and
Pimm 2016; Lamba et al. 2023). While the flagship concept has
been widely used in conservation campaigns, its influence often
extends beyond the species themselves (Li and Pimm 2016).
Investment in flagship-focused programs can shape institu-
tional capacity, infrastructure, law enforcement, and local com-
munity engagement in PAs (Johnson 2012b; Brook et al. 2014).
For example, the national park that supported the last known
population of Javan rhinoceros (Rhinoceros sondaicus) in
Vietnam received better protection, more rigorous monitoring,
and additional multi-million-dollar funding as compared to
most other PAs in the region (Brook et al. 2014). In principle,
such efforts are expected to extend beyond population-level
benefits by strengthening habitat protection and reducing forest
loss pressures within PAs (Lamba et al. 2023).

Flagship-focused investments like ranger training, biodiver-
sity monitoring, fundraising, and institutional structuring often
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persist even after a flagship species has been biologically extir-
pated. These lasting impacts, termed “conservation legacies”,
occur in the interval between biological and societal extinction,
when the species continues to hold societal salience despite no
longer being present (Jari¢ et al. 2022). Although the loss of flag-
ship species is often viewed as a conservation failure, it remains
unclear whether conservation legacies would continue to main-
tain positive environmental outcomes after the species them-
selves have been extirpated (Rasphone et al. 2019; Roberts
etal. 2025).

Here, we used a causal-inference framework to test whether
forest loss in PAs differed from counterfactual expectations
before and after the extirpation of two charismatic flagship
species: the Javan rhinoceros in Cat Tien National Park in
Vietnam and the tiger (Panthera tigris) in Nam Et-Phou
Louey National Park in Laos. Both national parks were estab-
lished by merging multiple existing PAs, and conservation
action plans were devised to both protect and increase the
populations of these flagship species (Johnson 2012a; Brook
et al. 2014; Johnson et al. 2016; Rasphone et al. 2019; Long
et al. 2025). Within this framework, we examined whether
flagship-associated investments influenced conservation tra-
jectories along two independent dimensions: pre-extirpation
effectiveness in reducing forest loss and post-extirpation sta-
bility of forest protection.

@ Methods

Study area and flagship species

Our study focused on two PAs: Cat Tien National Park
(hereafter, Cat Tien NP) in Vietnam (11.4239°N, 107.4320°E;
73,878 ha) and Nam Et-Phou Louey National Park (hereafter,
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Nam Et-Phou Louey NP) in Laos (20.517794°N, 103.592093°E;
507,000 ha).

Cat Tien NP was established in 1998 as a merger between
Cat Loc Rhinoceros Sanctuary (established in 1992; 30,635
ha), Tay Cat Tien Nature Reserve (established in 1978; 5143
ha), and Nam Cat Tien Nature Reserve (established in 1978;
38,100 ha), specifically to protect the world’s rarest megaher-
bivore, the Javan rhinoceros (Hughes et al. 2004; Brook
et al. 2014). The park’s management and branding explicitly
positioned the Javan rhinoceros as its flagship species, featur-
ing it on the park’s logo and embedding it throughout succes-
sive management plans and international partnerships (Brook
et al. 2014). Rhinoceros-focused investments (US$19 million
cumulatively between 1998 and 2007) in dedicated patrol and
monitoring units, specialized ranger training, and village
resettlement programs were unparalleled among Vietnam’s
PAs (Hughes et al. 2004; Long et al. 2025). Other PAs in
Vietnam received an estimated US$894 per square kilometer
in annual funding (Brook et al. 2014). In Vietnam, no other
PA (or species) received comparable protection or funding as
compared to Cat Tien NP (or to the Javan rhinoceros), and
few parks in the region have so tightly aligned their institu-
tional identity to a single species (Hughes et al. 2004; Brook
et al. 2014).

Similarly, Nam Et-Phou Louey NP was established in 2001
as a merger between two contiguous PAs in Laos, Nam Et and
Phou Louey, which were both originally established under
Prime Minister’s Decree 164 in 1993 (Johnson 2012a; UNEP-
WCMC and IUCN 2025). The park was home to the most
important tiger population in Laos (Johnson 2012a,b; Johnson
et al. 2016), until the last known individual disappeared in 2014
(Rasphone et al. 2019). Governance of Nam Et-Phou Louey
NP relied on a co-management framework involving the
Laotian Ministry of Agriculture and Forestry, local communi-
ties, and the non-governmental organization (NGO) Wildlife
Conservation Society, with funding from government and
international donors, including the NGO Panthera and the US
Fish and Wildlife Service’s Rhino and Tiger Conservation
Fund; the park emphasized the tiger as its flagship species,
which was featured on the park’s logo (Johnson 2012b). The
park received more than US$600,000 cumulatively between
2002 and 2016 for tiger conservation (Guénard et al. 2025),
considerably more than the ~US$0-5000 in annual funding
received by other PAs in the country (Parr et al. 2024). The
park’s management plan explicitly prioritized tiger recovery,
community outreach, and law enforcement patrols, which in
turn garnered sustained financial inputs and institutional part-
nerships (Johnson et al. 2016; Rasphone et al. 2019).

Spatial datasets

We used the February 2024 version of the World Database
on Protected Areas (WDPA) (UNEP-WCMC and
IUCN 2025) to determine PAs established in Vietnam and
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Laos before 2000. Only PAs established before 2000 were
selected because forest loss rates within PAs were calculated
from 2000 onward.

We used data from the Global Forest Cover Change dataset
to measure forest loss within PAs (Hansen et al. 2013) and from
the Global Drivers of Forest Loss dataset to determine forest
loss drivers within PAs (Sims et al. 2024). Google Earth Engine
(GEE) was used to extract a suite of environmental, biophysi-
cal, and socioeconomic variables for PAs in Vietnam and Laos,
aiming to capture the structural drivers of forest loss for coun-
terfactual analysis via propensity-score matching and synthetic
control (Gorelick et al. 2017). See Appendix S1: Panel S1 for
details.

Control areas

Treated and control PAs must be relatively similar in size
to avoid systematic bias (Lamba et al. 2023; Sreekar
et al. 2024). Therefore, we omitted all PAs that were smaller
than 100 km?* from the control pool. The control PAs in
Vietnam (n = 20) and Laos (n = 14) lacked Javan rhinoceros
and tiger populations, respectively, and generally lacked
species-specific flagship initiatives.

Pre-extirpation causal analysis using propensity-score
matching

We used pixel-level matching to estimate pre-extirpation effects
of flagship conservation. Specifically, we compared annual rates
of forest loss in PAs with flagship species (treated units) before
species extirpation to annual rates of forest loss in PAs without
flagship initiatives (control units). Comparisons were restricted
to PAs within the same country and over the same time
period. Matching was conducted using propensity scores at
the 1-km?* pixel level to balance key socioecological drivers
of forest loss (Appendix S1: Panel S1). We assessed covariate
balance using standardized mean difference (SMD), and a
threshold of 0.25 was set between treated and control units
(Teo et al. 2025). We estimated the average treatment effect
on the treated (ATT) as the difference in forest loss between
treated pixels and their matched controls, using weighted
regression models fitted to matched samples. See Appendix S1:
Panel S1 for details and a sensitivity analysis.

Post-extirpation causal analysis using the synthetic-control
method

We used the synthetic-control method to estimate the effect
of flagship species extirpation on forest loss. The method
constructs a “synthetic” counterfactual from a weighted com-
bination of similar control PAs (PAs without flagship initi-
atives) that best replicate the treated PA’s pre-extirpation
forest loss trajectory (Abadie et al. 2010). This synthetic unit
represents the forest loss trajectory in the absence of flagship
species extirpation, allowing quantification of additional forest
loss associated with the extirpation event. We used a placebo
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test that falsely assigns treated status to control units and
creates a synthetic control for each to determine whether
the observed differences were not due to random chance. If
the mean squared prediction error (MSPE) ratio for the treated
unit was higher or lower than the 95% quantile range of the
placebo units, then the extirpation event was considered to
have had a significant effect on forest loss (Lamba et al. 2023;
Sreekar et al. 2024). See Appendix S1: Panel S1 for details
and a sensitivity analysis.

@ Results

Extirpation of Javan rhinoceros from Cat Tien NP, Vietnam

In 2000, Cat Tien NP protected 66,400 ha of forest. Between
2001 and 2023, 1020 ha (1.5%) of forest cover was lost
within the park, of which 973 ha (95.4%) can be directly
attributed to permanent agriculture, 1 ha (<0.1%) to shifting
cultivation, 26 ha (2.5%) to logging, 20 ha (2%) to other
natural disturbances, and 0 ha to wildfire, settlements, and
hard commodities (that is, the exploration for, as well as
the capture/extraction and processing of, geological resources,
including mining- and energy-related infrastructure such as
power plants and lines, oil drilling and refineries, and wind
and solar farms) (Appendix S1: Figure S1).

Cat Tien NP exhibited significantly lower annual rates of
forest loss before Javan rhinoceros extirpation, when compar-
ing treated pixels to their matched counterparts elsewhere in
Vietnam (estimate + standard error = -0.192 + 0.042,
P < 0.001; Figure 1), which translated into ~1275 ha of forest
that would have been otherwise lost between 2000 and 2010.
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Observed and synthetic control followed a similar forest loss
trajectory after Javan rhinoceros extirpation in 2010 (Figure 2).
Results from our placebo test showed that the MSPE ratio for
Cat Tien NP was 18.58, which was within the 95% quantile
range of the placebo units (2.5% to 97.5% range = 2.99 to
399.4), suggesting that there was no significant increase in for-
est loss after Javan rhinoceros extirpation.

Extirpation of tiger from Nam Et—Phou Louey NP, Laos

In 2000, Nam Et-Phou Louey NP protected 454,300 ha of
forest. Between 2001 and 2023, 39,913 ha (8.8%) of forest
cover was lost within the park, of which 37,844 ha (94.8%)
can be directly attributed to shifting cultivation, 1878 ha
(4.7%) to permanent agriculture, 133 ha (0.3%) to logging,
38 ha (<0.1%) to other natural disturbances, 18 ha (<0.1%)
to settlements, 2 ha (<0.1%) to hard commodities, and 0 ha
to wildfire (Appendix S1: Figure S1).

Nam Et-Phou Louey NP exhibited significantly higher
annual rates of forest loss before tiger extirpation, when com-
paring treated pixels to their matched counterparts elsewhere in
Laos (estimate + standard error = 0.110 + 0.018, P < 0.001;
Figure 1), which led to an additional ~6869 ha of forest lost
between 2000 and 2014.

Observed and synthetic control followed a similar forest loss
trajectory after tiger extirpation in 2014 (Figure 2). Results from
our placebo test showed that the MSPE ratio for Nam Et-Phou
Louey NP was 8.25, which was within the 95% quantile range of
the placebo units (2.5% to 97.5% range = 2.62 to 39.08), suggest-
ing that there was no significant increase in forest loss after tiger
extirpation.

Nam Et - Phou Louey National Park, Laos
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Figure 1. Comparison of forest loss between 1-km? pixels in treated flagship protected areas (PAs) and matched control PAs. Circles show weighted
mean forest loss and error bars indicate 95% confidence intervals. Forest loss per pixel was converted to hectares to enhance interpretability. Inset bar
charts show covariate balance between treated flagship PA pixels (teal) and matched control pixels (salmon). The covariates “forest”, “slope”, “pop”, and
“access” refer to baseline forest cover, topographic slope angle, human population density, and travel time from cities for the year 2000, respectively (see

Appendix S1: Panel S1 for details).
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Figure 2. Cumulative forest loss (in hectares) within focal protected areas did not significantly
change after extirpation of flagship species. Inset plots show placebo tests: the observed dif-
ferences in cumulative forest loss (y axis) between the focal unit and its synthetic control
(black lines) closely overlap with the differences between the placebo units and their synthetic
controls (gray lines). This finding indicates that forest loss rates were not significantly affected
by extirpation of Javan rhinoceros in Cat Tien National Park (top) or tiger in Nam Et—Phou
Louey National Park (bottom).

Discussion

Extirpation of flagship species did not alter forest-loss trajec-
tories in either national park. Where flagship-centered gov-
ernance had been effective, forest protection remained strong.
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However, where anthropogenic pressures had
overwhelmed management capacity, forest
protection remained constrained. Ultimately,
PA effectiveness was influenced by manage-
ment capacity, not by local extinction of flagship
species.

Pre-extirpation rates of forest loss differed
between the two case studies, highlighting the
context-dependent nature of flagship effective-
ness. Counterfactual analysis revealed that Cat
Tien NP experienced lower-than-expected for-
est loss before Javan rhinoceros extirpation,
consistent with a causal role of flagship-
associated conservation investments in
strengthening protection and reducing forest
loss (Lamba et al. 2023). In contrast, Nam Et—
Phou Louey NP experienced higher-than-
expected forest loss before tiger extirpation,
suggesting that flagship-associated investments
were insufficient to compensate strong struc-
tural pressures such as shifting cultivation,
which was legally permitted inside the park
(Rasphone et al. 2019; Parr et al. 2024).
Therefore, the management priorities of gov-
ernments and local communities play a domi-
nant role in influencing conservation outcomes
even when flagship species are present.

Our analysis is limited to 13 years after Javan
rhinoceros extirpation from Cat Tien NP in
Vietnam and 9 years after tiger extirpation from
Nam Et-Phou Louey NP in Laos. Although
these periods may appear short in the context of
long-term conservation, they fall within a criti-
cal interval during which the effects of earlier
conservation investments would still be
expected to persist (Jari¢ et al. 2022). The
planned reintroduction of tigers within Laos by
2035 (WWEF 2022) further indicates that politi-
cal commitment remains in place, suggesting
that conservation systems built around flagship
species have not been abandoned.

However, after flagship species extirpation,
an absence of increased forest loss does not
imply an absence of long-term consequences.
For instance, forest loss in Nam Et-Phou Louey
NP exhibited an upward though statistically
insignificant trend, which could become con-
cerning over time. Declining attention and
reduced international funding may gradually

erode conservation capacity. Therefore, continued monitoring
over coming decades will be essential to determine whether
these conservation legacies endure or eventually weaken.

We acknowledge that forest loss captures only one dimen-
sion of conservation impact. In Nam Et-Phou Louey NP,
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investments in tiger protection supported prey recovery,
deterred hunting, and benefited other threatened species
(Johnson 2012b; Johnson et al. 2016; Rasphone et al. 2019), sug-
gesting that conservation legacies may extend beyond landscape
change to broader biodiversity outcomes. However, while data
limitations prevented us from directly evaluating these biologi-
cal responses, they highlight the importance of integrating land-
scape and biodiversity indicators, where possible, to fully assess
the long-term consequences of flagship-driven conservation.

@ Conclusions

The loss of flagship species does not necessarily lead to dete-
rioration of the PAs established for their conservation, at
least over the timescales examined. However, the effectiveness
of flagship-driven PA management is context dependent, and
post-extirpation outcomes reflect the robustness of pre-
extirpation governance capacity. Flagship species can attract
substantial funding and political support, strengthening man-
agement and enforcement (Li and Pimm 2016; Lamba
et al. 2023; Guénard et al. 2025), yet such investments are
not always sufficient to overcome persistent anthropogenic
and socioeconomic pressures. Where flagship initiatives suc-
cessfully build durable institutions and facilitate sustained
financing, PAs can continue moderating environmental pres-
sures even after the species that inspired protection has been
extirpated.

@ Acknowledgments

We acknowledge The University of Queensland for supporting
open access publication through its Wiley agreement under
the Council of Australian University Librarians (CAUL).
Open access publishing facilitated by The University of
Queensland, as part of the Wiley - The University of
Queensland agreement via the Council of Australasian
University Librarians.

@ Data Availability Statement

Data and code (Sreekar et al. 2026) are available on Zenodo
at 10.5281/zen0do0.19025209.

0 References

Abadie A, Diamond A, and Hainmueller J. 2010. Synthetic control
methods for comparative case studies: estimating the effect of
California’s tobacco control program. ] Am Stat Assoc 105: 493-505.

Brook SM, Dudley N, Mahood SP, et al. 2014. Lessons learned from the
loss of a flagship: the extinction of the Javan rhinoceros Rhinoceros
sondaicus annamiticus from Vietnam. Biol Conserv 174: 21-29.

Gorelick N, Hancher M, Dixon M, et al. 2017. Google Earth Engine:
planetary-scale geospatial analysis for everyone. Remote Sens
Environ 202: 18-27.

RESEARCH COMMUNICATION 50f6

Guénard B, Hughes AC, Lainé C, et al. 2025. Limited and biased global
conservation funding means most threatened species remain
unsupported. P Natl Acad Sci USA 122: €2412479122.

Hansen MC, Potapov PV, Moore R, et al. 2013. High-resolution global
maps of 21st-century forest cover change. Science 342: 850-53.

Hughes R, Trai LT, Tordoff AW, and Vu VD. 2004. Sourcebook of
existing and proposed protected areas in Vietnam, volume 2:
southern Vietnam. Cambridge, UK and Hanoi, Vietnam:
BirdLife International and Forest Inventory and Planning
Institute.

Jari¢ I, Roll U, Bonaiuto M, et al. 2022. Societal extinction of species.
Trends Ecol Evol 37: 411-19.

Johnson A. 2012a. A landscape summary for the Nam Et-Phou Louey
national protected area, Lao PDR. In: Sunderland TCH, Sayer J,
and Hoang MH (Eds). Evidence-based conservation: lessons from
the lower Mekong. Abingdon, UK: Routledge.

Johnson A. 2012b. Nam Et-Phou Louey national protected area. In:
Sunderland TCH, Sayer ], and Hoang MH (Eds). Evidence-based
conservation: lessons from the lower Mekong. Abingdon, UK:
Routledge.

Johnson A, Goodrich J, Hansel T, et al. 2016. To protect or neglect?
Design, monitoring, and evaluation of a law enforcement strategy to
recover small populations of wild tigers and their prey. Biol Conserv
202: 99-109.

Lamba A, Teo HC, Sreekar R, et al. 2023. Climate co-benefits of tiger
conservation. Nat Ecol Evol 7: 1104-13.

Li BV and Pimm SL. 2016. China’s endemic vertebrates sheltering
under the protective umbrella of the giant panda. Conserv Biol 30:
329-39.

Long B, Exploitasia I, Mahmud R, et al. 2025. Conservation of the
Javan rhinoceros: lessons from Indonesia and Vietnam. In:
Melletti M, Talukdar B, and Balfour D (Eds). Rhinos of the
world: ecology, conservation and management. Cham,
Switzerland: Springer.

Parr JW, Phongkhamphanh T, Southammakoth V, and Sylavong L.
2024. Lessons learned on governance from a gap analysis assess-
ment in Nam Et-Phou Louey National Park, northern LAO PDR.
Parks 30: 59-70.

Rasphone A, Kéry M, Kamler JF, and Macdonald DW. 2019.
Documenting the demise of tiger and leopard, and the status of
other carnivores and prey, in Lao PDR’s most prized protected area:
Nam Et-Phou Louey. Glob Ecol Conserv 20: e00766.

Roberts NJ, Harihar A, Zhou X, et al. 2025. Global tiger density linked
with forest carbon stock, top-down and bottom-up. Glob Change
Biol 31: €70191.

Sims MJ, Stanimirova R, Raichuk A, et al. 2024. Global drivers of forest
loss at 1 km resolution. Environ Res Lett 20: 074027.

Sreekar R, Koh LP, Lamba A, et al. 2024. Conservation opportunities
through improved management of recently established protected
areas in Southeast Asia. Curr Biol 34: 3830-35.

Sreekar R, Watson JEM, Liu J, et al. 2026. Legacy effects of extinct flag-
ship species on protected areas. Zenodo. 10.5281/zenodo.19025209.
Viewed 20 May 2026.

Teo HC, Lamba A, Ng §], et al. 2025. Reduction of deforestation by
agroforestry in high carbon stock forests of Southeast Asia. Nat
Sustain 8: 358-62.

Front Ecol Environ doi:10.1002/fee.70065


https://doi.org//10.5281/zenodo.19025209
https://doi.org//10.5281/zenodo.19025209

6 of 6 RESEARCH COMMUNICATION

UNEP-WCMC and IUCN (UN Environment Programme-World
Conservation Monitoring Centre and International Union for
Conservation of Nature). 2025. Protected planet: the World
Database on Protected Areas and World Database on Other
Effective Area-based Conservation Measures. Cambridge, UK and
Gland, Switzerland: UNEP-WCMC and IUCN. https://www.prote
ctedplanet.net/en/thematic-areas/wdpa?tab=WDPA. Accessed 11
May 2025.

WWE. 2022. On Global Tiger Day, WWF and the Government of Laos
pave the way for tigers to recover in Laos. https://asiapacific.panda.
org/?375275/0n-Global-Tiger-Day- WWE-and-the- Gover

R Sreekar et al.

nment-of-Laos-pave-the-way-for-tigers-to-recover-in-Laos.
Gland, Switzerland: WWE. Accessed 8 Oct 2025.

This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.

@ Supporting Information

Additional material can be found online at http://onlinelibrary.
wiley.com/doi/10.1002/fee.70065/suppinfo

Front Ecol Environ doi:10.1002/fee.70065


https://www.protectedplanet.net/en/thematic-areas/wdpa?tab=WDPA
https://www.protectedplanet.net/en/thematic-areas/wdpa?tab=WDPA
https://asiapacific.panda.org/?375275/On-Global-Tiger-Day-WWF-and-the-Government-of-Laos-pave-the-way-for-tigers-to-recover-in-Laos
https://asiapacific.panda.org/?375275/On-Global-Tiger-Day-WWF-and-the-Government-of-Laos-pave-the-way-for-tigers-to-recover-in-Laos
https://asiapacific.panda.org/?375275/On-Global-Tiger-Day-WWF-and-the-Government-of-Laos-pave-the-way-for-tigers-to-recover-in-Laos
http://onlinelibrary.wiley.com/doi/10.1002/fee.70065/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/fee.70065/suppinfo
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Legacy effects of locally extinct flagship species on protected areas
	[[Math]]Methods
	Study area and flagship species
	Spatial datasets
	Control areas
	Pre-extirpation causal analysis using propensity-score matching
	Post-extirpation causal analysis using the synthetic-control method

	[[Math]]Results
	Extirpation of Javan rhinoceros from Cat Tien NP, Vietnam
	Extirpation of tiger from Nam Et–Phou Louey NP, Laos

	[[Math]]Discussion
	[[Math]]Conclusions
	[[Math]]Acknowledgments
	[[Math]]Data Availability Statement
	[[Math]]References


