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Abstract. Extremely small and isolated remnant populations represent an overlooked but critical conservation
challenge for many threatened plant species. Although such populations may still be recorded as extant, demo-
graphic collapse and regeneration failure often place them at high risk of local extinction. Here we report the
rapid decline of a micro-population of Glyptostrobus pensilis, a globally threatened relict conifer, discovered
in a sacred forest associated with the millennium-old Nanhua Temple in southern China. Field observations
identified only nine mature individuals, all of which were centuries old and showed signs of physiological de-
terioration. At least two trees had already died, and no seedlings or saplings were observed, indicating long-
term recruitment failure and demographic non-viability. Despite its location within a culturally protected land-
scape, the population lacks ecological management and habitat restoration. This case highlights the limitations
of passive protection and illustrates the risk of “invisible extinction” in sacred or cultural refugia. We argue that
micro-populations should be recognized as high-priority conservation units and recommend the establishment
of monitoring thresholds, emergency demographic interventions, habitat restoration, and integration of cultural

landscapes into science-based conservation strategies.

1 Introduction

Global conservation paradigms for threatened flora have tra-
ditionally been anchored by two predominant metrics: geo-
graphical range extent and aggregate population abundance
(Nic Lughadha et al., 2020; Yang et al., 2020). These param-
eters constitute the bedrock of major evaluative frameworks,
most notably the [TUCN Red List, which relies on quantita-
tive thresholds of population size and range contraction to
delineate extinction risk (Rgnsted et al., 2022). While these
standardized metrics are indispensable for macro-level con-
servation prioritization, they harbor a critical methodologi-
cal blind spot: they frequently overlook the precarious sta-
tus of remnant micro-populations. Such populations, charac-
terized by extreme numerical depletion, spatial fragmenta-
tion, and functional senescence, may remain formally clas-
sified as “extant” while undergoing an irreversible trajec-

tory toward “invisible extinction” (Crist, 2022). This discrep-
ancy between taxonomic presence and demographic viability
masks an accelerating collapse that standard monitoring pro-
tocols often fail to capture.

Across global biodiversity hotspots, threatened woody
species increasingly persist as scattered micro-populations
instead of robust metapopulations. These relictual assem-
blages often comprise fewer than a few dozen individu-
als (Tang et al., 2019) and are frequently confined to frag-
mented matrices such as secondary vegetation, riparian cor-
ridors, and anthropogenic refugia like culturally protected
landscapes (Frascaroli et al., 2016; Samways et al., 2025).
While these sites provide a temporary buffer against land-
use conversion, such extreme isolation often severs the eco-
logical processes necessary for long-term population per-
sistence (Ensslin and Godefroid, 2019). These populations
share a constellation of vulnerabilities that are rarely cap-
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tured by conventional assessments. The extinction risk of
micro-populations is primarily exacerbated by demographic
stochasticity, where random fluctuations in vital rates signif-
icantly elevate the probability of collapse regardless of envi-
ronmental stability (Lande, 1993). This vulnerability is fur-
ther compounded by recruitment failure (Maschinski et al.,
2023), often originating from disrupted dispersal vectors, al-
tered hydrological regimes, or competitive exclusions. Such
reproductive stagnation ensures that even long-lived individ-
uals fail to produce a viable next generation. Furthermore,
genetic erosion through inbreeding depression and the de-
pletion of adaptive variation progressively compromises in-
dividual fitness and long-term population resilience (Leroy et
al., 2018). Together, these processes can precipitate what has
been termed an “extinction vortex” (Nordstrom et al., 2023;
Gilpin and Soulé, 1986), in which mutually reinforcing de-
mographic and genetic pressures drive a local population ir-
reversibly toward zero.

The conservation science community has increasingly rec-
ognized the concept of functionally extinct populations, de-
fined as biological assemblages that persist in situ yet fail to
fulfill ecological roles or sustain self-replacement (Ledford,
2019). Yet institutional conservation responses lag behind
this conceptual advance. Species-level threat assessments
rarely disaggregate population-level viability (Mastretta-
Yanes et al., 2024), and management resources are seldom
directed at micro-populations. The result is a category of con-
servation urgency that is simultaneously high-risk and low-
visibility: populations in silent decline, embedded in land-
scapes that appear protected, approaching extinction without
triggering conservation alarm.

This problem is particularly acute in East and Southeast
Asia, where rapid land-use change over the past century has
fragmented the ranges of numerous endemic and relict tree
species (Zheng et al., 2021; Li and Xia, 2004). Paradoxi-
cally, many of the final survivors of these species are located
outside formal nature reserves. These individuals often per-
sist within culturally protected spaces such as temple groves,
village fengshui forests, and monastery grounds, where reli-
gious significance has historically afforded a degree of inad-
vertent protection (Zhou et al., 2022; Frascaroli et al., 2016;
Sharma and Kumar, 2021; Xie et al., 2025). While the con-
servation value of such cultural refugia is well-documented
(Huang et al., 2023), the extent to which they can sustain
long-term population viability in the absence of active eco-
logical management has received far less scrutiny. Effec-
tively addressing this gap requires a multifaceted understand-
ing of both the social and biological dimensions of sacred
sites. While recent research has begun to bridge the divide
between cultural reverence and scientific care through an-
thropological and mixed-methods approaches (Xie and Jim,
2026), there remains an urgent need for high-resolution de-
mographic diagnostics to quantify the immediate extinction
risks facing these relict populations.
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We report the rapid demographic decline of a remnant
micro-population of Glyptostrobus pensilis (Staunton ex D.
Don) K. Koch, a globally threatened relict conifer located
within the sacred forest of Nanhua Temple in Shaoguan,
southern China (Li et al., 2004). This case epitomizes the
phenomenon of invisible extinction within cultural refugia,
highlighting a critical need to reframe conservation priori-
ties toward population viability instead of mere taxonomic
presence. We therefore argue that micro-populations war-
rant dedicated monitoring protocols, emergency interven-
tions, and formal integration into conservation frameworks.

2 Study case: A remnant population in a sacred
refuge

2.1 Species background

G. pensilis, widely referred to as the Chinese swamp cypress
or water pine (shui song), represents one of the most ancient
and evolutionarily distinct coniferous lineages in Asia (Hao
et al., 2016). As the sole extant species of the monotypic
genus Glyptostrobus, it represents an isolated lineage whose
fossil record extends to the Cretaceous (Ben, 2007). During
the Tertiary, the genus was distributed across the Northern
Hemisphere, but its range contracted dramatically through
the Quaternary glaciations, leaving G. pensilis as a glacial
relict confined to subtropical China, northern Vietnam, and
Laos (Li and Xia, 2004; Ye et al., 2022). The species is cur-
rently listed as Critically Endangered (CR) on the IUCN Red
List and as a Category I State Key Protected Wild Plant in
China, reflecting both its evolutionary irreplaceability and its
precarious conservation status (Thomas et al., 2020; Yang et
al., 2021).

G. pensilis is a deciduous, semi-aquatic conifer natu-
rally adapted to riparian and waterlogged habitats, includ-
ing river margins, swamp edges, and valley floors with sea-
sonally fluctuating water tables (Tang et al., 2019). It de-
velops distinctive pneumatophores (respiratory roots) under
waterlogged conditions and is highly sensitive to hydrologi-
cal modification. Historically, the species was more widely
cultivated and naturalized across southeastern China, but
the combined effects of wetland drainage, river channeliza-
tion, land conversion, and over-harvesting have caused severe
range contraction over the past century (Li and Xia, 2004; Li
et al., 2004). Today, truly wild or semi-wild populations are
highly fragmented, and many consist of only a handful of el-
derly individuals (Li et al., 2004; Yang et al., 2024). Despite
its formal protected status, the species continues to decline
across much of its residual range, and successful natural re-
generation has become exceedingly rare.

2.2 Field observations

The population reported here was discovered during a field
survey in the forested ravine immediately behind Nanhua
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Temple, located in Shaoguan City, Guangdong Province,
southern China (Fig. 1). Nanhua Temple is one of the most
historically significant Chan Buddhist monasteries in China,
founded in 502 CE and closely associated with the Sixth Pa-
triarch Huineng (Li, 2025). The surrounding forest has been
continuously maintained as a sacred grove for over a mil-
lennium, lending the site exceptional antiquity as a cultural
landscape.

A total of nine individual G. pensilis trees were recorded
within the ravine. All were mature or senescent individuals;
no seedlings, saplings, or juvenile trees of any size class were
observed, indicating a complete absence of natural regenera-
tion. Dendrochronological analysis reveals that the most an-
cient individual dates back to the Ming Dynasty with an es-
timated age of nearly 500 years (Li et al., 2004), consistent
with the long history of passive protection afforded by the
temple grounds.

The physiological condition of the population was
severely compromised. Five of the nine individuals exhibited
advanced deterioration: extensive bark exfoliation, marked
crown dieback with foliage restricted to scattered apical
clusters, and evidence of structural decay in major scaffold
branches. At least two individuals appeared to have died en-
tirely prior to the survey, with standing deadwood and col-
lapsed crown architecture. Of the remaining trees, few dis-
played canopy conditions consistent with normal physiolog-
ical function. No reproductive structures (cones or seeds)
were observed on any individual during the survey period.

The population occupies a narrow valley floor position
within a gorge oriented roughly west—east. The southern
slope of the ravine supports large emergent trees including
Toona ciliata and other tall broad-leaved species, while the
northern slope is dominated by Castanopsis hystrix, Cam-
phora officinarum, and Ficus microcarpa. The combined ef-
fect of these opposing slopes is severe light limitation at the
valley floor throughout much of the day, creating a deeply
shaded microenvironment that is suboptimal for G. pensilis,
a species requiring relatively high light levels for successful
regeneration. The canopy closure of the surrounding vegeta-
tion has progressively intensified as the sacred grove has ma-
tured in the absence of disturbance or management, further
suppressing any potential for natural seedling establishment.

The population thus displays all diagnostic criteria of de-
mographic collapse: a truncated age structure composed ex-
clusively of senescent adults, zero recruitment, high individ-
ual mortality, and a microhabitat that is structurally unsuit-
able for regeneration.

2.3 Habitat characteristics

The demographic collapse of the G. pensilis micro-
population at Nanhua Temple is fundamentally driven by
the progressive degradation of its localized habitat (Fig. 2).
While this relict species is ecologically adapted to riparian
and wetland environments, the current site conditions have

https://doi.org/10.5194/we-26-93-2026

95

deviated significantly from its biological requirements. The
surviving individuals are confined to a highly modified land-
scape, primarily clustered around the “Nine-Dragon Pool”,
where natural hydrological connectivity has been severed by
the construction of concrete embankments and paved roads.
Such infrastructure restricts natural water level fluctuations
and compromises the soil aeration essential for root health.
Beyond physical habitat fragmentation, the population is
subjected to significant hydro-chemical stress as evidenced
by sulfate concentrations in surrounding water bodies reach-
ing as high as 12.86 mgL~!, which, when coupled with the
region’s historical vulnerability to acid rain and recorded pre-
cipitation pH values as low as 3.46, directly undermines the
physiological resilience of these ancient conifers (Li et al.,
2004). Furthermore, intense anthropogenic interference from
the temple’s high-traffic religious activities has exacerbated
environmental stress (Liu, 2024). Inappropriate management
practices, including ground hardening and the accumulation
of pollutants from incense burning, have led to severe soil
compaction and atmospheric degradation. These cumulative
factors have inhibited natural seedling recruitment, resulting
in a functionally senescent population that persists biologi-
cally but lacks the capacity for self-replacement.

3 Why sacred refuges are no longer sufficient

3.1 Cultural protection # ecological viability

The role of sacred groves, temple forests, and fengshui wood-
lands as de facto nature reserves has been widely documented
across Asia (Sharma and Kumar, 2021; Xie et al., 2025;
Huang et al., 2023; De Lacy and Shackleton, 2017). In many
regions, these culturally protected landscapes constitute the
last refuges for species that have been eliminated from sur-
rounding agricultural or urban matrices (Monteagudo Chu-
rata et al., 2023; Xie et al., 2025). Their conservation value
is real and should not be dismissed. However, the relation-
ship between cultural protection and ecological viability is
neither linear nor permanent, and conflating the two leads to
a dangerous conservation complacency.

Historically, these sacred sites were often embedded
within a more permeable and less fragmented landscape ma-
trix. Traditional low-impact management, guided by reli-
gious taboos, unintentionally maintained a functional ecolog-
ical equilibrium by allowing for natural hydrological fluctu-
ations and seed dispersal across site boundaries. Under these
pre-modern conditions, passive cultural protection was suffi-
cient because the broader environmental processes support-
ing the species remained intact.

Sacred forests confer protection primarily against direct
exploitation — felling, clearing, and conversion (Sullivan et
al., 2024; Sharma and Kumar, 2021; De Lacy and Shackle-
ton, 2017). They do not protect against the subtler but equally
consequential processes of demographic erosion and habitat
degradation. A forest can be entirely free from logging and
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Figure 1. Population status and habitat conditions of Glyptostrobus pensilis at Nanhua Temple. The micro-environment of the population
is characterized by severely degraded hydrological and substrate conditions: following infrastructure modifications associated with temple
development, the original stream channel has ceased to flow and the surrounding ground surface has been extensively hardened (A). Canopy
closure is pronounced, with the adjacent slopes dominated by subtropical evergreen broad-leaved species including Castanopsis hystrix,
Camphora officinarum, and Ficus microcarpa. Advanced structural decay of the root system is visible in a representative individual (B),
indicative of prolonged physiological deterioration. Canopy assessment reveals severe crown loss across the population: one individual
exhibits a highly fragmented residual crown confined to scattered lateral branches, while an adjacent specimen has undergone complete

mortality with total canopy absence (C).

still lose its most ecologically sensitive species through suc-
cessional change (Fraver et al., 2009), but this risk is acutely
amplified in contemporary settings where cultural refugia
have become “islands” of senescence. The failure of mod-
ern cultural refuges stems from a critical transition: the shift
from a semi-natural buffer to a highly modified, “hardened”
landscape. As temple infrastructure has expanded, the orig-
inal riparian micro-habitats have been replaced by concrete
embankments and paved surfaces, severing the very hydro-
logical connectivity that ancient G. pensilis individuals re-
quire for seedling recruitment. Consequently, traditional pas-
sive custodianship, while still effective at preventing logging,
is now structurally incapable of counteracting the physio-
logical stress imposed by modern environmental modifica-
tion. The Nanhua Temple population of G. pensilis illus-
trates this precisely: the trees have survived human distur-
bance for centuries within the protected precinct, only to now
face the slow-motion collapse of demographic non-viability
and physiological senescence.

Furthermore, the conditions within many sacred groves
have changed considerably from those that prevailed when
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culturally significant trees were first established. Infrastruc-
ture development, changes in drainage, increased visitation,
and the natural development of surrounding vegetation have
collectively altered the ecological context in ways that may
fundamentally undermine the habitat requirements of the
very species these landscapes have historically sheltered
(Liu, 2024; Li, 2025). Passive protection through the simple
maintenance of taboos against cutting or disturbance fails to
compensate for these structural ecological changes.

3.2 Demographic and genetic risks in micro-populations

The nine surviving individuals of G. pensilis at Nanhua Tem-
ple represent not merely a small population but a popula-
tion in an advanced state of demographic dysfunction. Un-
derstanding why this matters requires brief consideration of
the population biology of extreme rarity.

In any population, individuals die and are replaced through
reproduction and recruitment. The long-term persistence of
a population depends on the balance between these rates
(Lande, 1993). In the Nanhua population, this balance has
broken down entirely: mortality is ongoing and accelerating,
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Conservation Framework for Micro-populations in Cultural Refugia
Case study: Glyptostrobus pensilis at Nanhua Temple, Southern China

@ Demographic Collapse Indicators @ Habitat Degradation Drivers

(Field evidence + Nanhua Temple population) (Ecological context - site-specific stressors)

Population size: 9 individuals Demographic stochasticity Hydrological disruption Absent hydrological regime
All mature / senescent; >2 dead Loss of 2-3 trees = 22-33% decline Stream cessation - concrete hardening Pneumatophore root dysfunction

‘ Zero natural regeneration ‘ ‘ Genetic erosion ‘ Canopy light suppression
No seedlings or saplings recorded Low N, - inbreeding depression risk Encroachment by broadleaf slopes

Recruitment microsite loss
No suitable germination substrate

Severe physiological decline Extinction vortex trajectory Soil compaction & pollution
Crown dieback - bark exfoliation Mutually reinforcing collapse risks High-traffic visitation - acid rain

Chemical stress
SO <12.86 mg/L - pH >3.46

“Invisible Extinction” in Cultural Refugia
Micro-populations nominally protected by cultural designation yet ecologically non-viable
Cultural protection # Ecological viability - Sacred landscapes as inadvertent but insufficient refugia

® Cultural-Scientific Collaboration

® Monitoring Threshold @ Emergency Conservation Actions

In situ & ex situ interventions

Integrating stewardship traditions with science

Early-warning criteria

Alert threshold: <500 reproductive adults

Trigger mandatory demographic review

Temple—scientist advisory partnerships
Joint demographic & habitat assessment

Vegetative propagation
Stem cutting - genotype preservation

Ex situ seed banking Science-informed restoration planning

Mandatory recording across all size classes Cone & seed collection - living collections | ’ PVA - soil diagnostics - propagation support

Landscape-scale systematic survey
Identify analogous at-risk sacred sites

Recruitment monitoring protocol

Annual census - seedling presence / absence Soil decompaction - hydrology restoration

Targeted arboricultural care
Pathogen screening - structural support

Long-term monitoring framework
Shared protocols - cultural landscape registry

Demographic viability as Red List criterion

’ Age-structure assessment |
‘ Integration into IUCN assessment protocols |

‘ Habitat restoration

® Conservation Outcome: Population Viability over Mere Presence

Recognize micro-populations as high-priority conservation units
Shift from passive custodianship — active demographic stewardship across cultural and natural refugia

@ Broader Policy Implications

I
! I
[ I
: Biodiversity Assessment Reform Cultural Landscape Policy Global Generalizability 1
1 Incorporate demographic composition Integrate sacred sites into national PSESP Extend framework to analogous relict species :
! into JUCN & national Red List criteria conservation programs & reserve networks in temple & fengshui forests across Asia |
) e e e e I

Il Demographic collapse [l Habitat degradation [l Invisible extinction concept [l Monitoring threshold M Emergency actions [l Cultural-scientific collaboration

PVA = Population Viability Analysis; Ne = Effective population size; PSESP = Plant Species with Extremely Small Populations

Figure 2. Conceptual framework for the conservation of micro-populations in cultural refugia, illustrated by the case of Glyptostrobus
pensilis at Nanhua Temple, southern China. The framework integrates field-based diagnosis with tiered conservation responses across seven
functional levels. The upper tier ((D2)) summarizes the dual drivers of population collapse: demographic deterioration — characterized by nine
senescent individuals, zero recruitment, and accelerating mortality — and progressive habitat degradation through hydrological disruption,
canopy encroachment, and substrate compaction. These converging pressures underpin the central concept of “invisible extinction in cultural
refugia” ((3)), wherein micro-populations remain nominally extant under cultural protection yet are ecologically non-viable. The middle
tier outlines three complementary conservation pillars: the establishment of a demographic alert threshold (< 500 reproductive individuals)
to trigger mandatory management intervention (@)); coordinated emergency actions spanning ex situ propagation, seed banking, habitat
restoration, and targeted arboricultural support (3)); and the formalization of cultural-scientific partnerships between temple administrators
and conservation practitioners (®)). These pillars converge toward the overarching conservation objective of prioritizing population viability
over taxonomic presence ((7)), with broader policy implications for biodiversity assessment reform, integration of sacred sites into national
conservation programs, and the extension of this framework to analogous relict populations across culturally managed landscapes in Asia.
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while recruitment has been absent for an indeterminate but
evidently extended period. The result is a population on a
deterministic trajectory toward zero, independent of any ex-
ternal stochastic perturbation. Even if all nine surviving trees
were to persist for another century, the population would still
disappear without intervention.

Beyond deterministic demography, micro-populations
face heightened vulnerability to stochastic extinction
(Frankham, 2005). Demographic stochasticity becomes in-
creasingly important as population size declines: in a popu-
lation of nine individuals, the random death of two or three
trees in a single storm, drought, or disease event represents
a loss of 20 %-33 % of the total. The probability of such
catastrophic events, and the capacity of a small population
to recover from them, is fundamentally different from that
of a large, distributed population. The persistence of only
nine individuals, including several in a moribund state, indi-
cates that the effective population size (Ne) has fallen below
the critical threshold required for long-term viability. Conse-
quently, stochastic genetic drift likely erodes allelic diver-
sity at a rate that far exceeds any potential replenishment
through gene flow, thereby accelerating the progression of
an extinction vortex (Exposito-Alonso et al., 2022; Pinto et
al., 2024). While the Nanhua population has ceased natu-
ral recruitment in situ, its genetic legacy remains a critical
reservoir of the species’ total adaptive potential. Genetic ap-
proaches in this context are not focused on the immediate
evolution of the current individuals, but rather on “genetic
rescue”’ — the preservation of unique genotypes through vege-
tative propagation and germplasm banking. This ensures that
even if the Nanhua stand collapses demographically, its bio-
logical information is not permanently lost and can serve as a
“source” for future reintroduction efforts in more suitable ri-
parian habitats. Inbreeding depression may further reduce the
fitness of any seeds that are produced, compounding the bar-
riers to regeneration (Li et al., 2012). The population is, in all
demographic and genetic respects, functionally non-viable.

3.3 Invisible extinction in cultural refugia

We define “invisible extinction in cultural refugia” as the
phenomenon where a biological population, although nom-
inally protected by cultural or religious status, undergoes a
continuous and irreversible demographic decline due to the
absence of proactive ecological management — a process that
remains undetected by conventional conservation monitoring
systems. This situation at Nanhua Temple is not an isolated
anomaly but rather an instance of a more general and under-
recognized pattern. Across subtropical and tropical Asia, a
disproportionate number of threatened tree species are now
known only, or primarily, from populations embedded in sa-
cred or culturally protected landscapes. A brief survey of the
literature reveals analogous situations: elderly individuals of
locally threatened species persisting in temple courtyards,
monastery forests, or village fengshui groves, celebrated as
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heritage trees but slowly dying without replacement (Kendal
et al., 2012; Rival, 1998).

We propose the term “invisible extinction in cultural refu-
gia” to describe this pattern: the gradual, unmonitored disap-
pearance of micro-populations that are nominally protected
by cultural designation but are ecologically non-viable. The
“invisibility” of this phenomenon has several dimensions.
Several factors contribute to the overlooking of these popu-
lations in conservation strategies. First, their continued phys-
ical presence often fails to trigger Red List reassessments, as
periodic evaluations frequently lack the demographic resolu-
tion necessary to capture fine-scale population declines. Sec-
ond, the conventional framing of temple groves as icons of
harmonious human—nature coexistence fosters a perception
of security that discourages rigorous assessment of actual
population viability. Third, the lack of systematic monitor-
ing ensures that physiological deterioration proceeds with-
out quantitative documentation, rendering local extinction a
retrospective realization rather than a preventable outcome.

The global extent of this phenomenon remains unquanti-
fied but is likely substantial. Numerous culturally significant
tree species across East and Southeast Asia, including var-
ious Dalbergia spp., Aquilaria spp., and rare conifers such
as G. pensilis, possess populations that exhibit the functional
senescence described in this study. Without a systematic ef-
fort to audit the demographic trajectories of these culturally
embedded populations, conservation planning will continue
to suffer from a false sense of security, leading to significant
overestimations of species’ long-term viability.

4 Implications for conservation policy

4.1 Establish micro-population monitoring thresholds

Contemporary conservation monitoring frameworks pre-
dominantly assess population viability using minimum vi-
able population (MVP) theory, which has historically posited
that populations numbering fewer than 50-500 individu-
als experience heightened extinction risks across demo-
graphic and genetic timescales (Franklin, 1980; Shaffer,
1981). While subsequent meta-analyses have suggested sub-
stantially higher median MVP estimates (Traill et al., 2007),
and recent genetic studies recommend revised thresholds of
100 and 1000 individuals to mitigate short-term inbreeding
depression and maintain long-term evolutionary potential, re-
spectively (Frankham et al., 2014). While these thresholds re-
main valuable conceptual benchmarks, they are rarely oper-
ationalized in field monitoring or conservation management
protocols, particularly for tree species in cultural landscapes.

We advocate for the formal adoption of a micro-population
alert threshold, defined as fewer than 500 mature individuals
at a population. This threshold is aligned with the operational
definition of Plant Species with Extremely Small Popula-
tions (PSESP) in China, a conservation paradigm designed
to identify populations that have fallen below the functional
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levels of self-sustaining viability (Yang et al., 2020). The
choice of 500 individuals serves as a critical demographic
“red line” because, for long-lived conifers like G. pensilis,
populations below this size are highly susceptible to acute ge-
netic drift and environmental stochasticity, leading to the “in-
visible extinction” observed at Nanhua Temple. This thresh-
old is deliberately conservative and operationally straight-
forward, specifically designed to capture clusters such as
the Nanhua G. pensilis population that have clearly fallen
below the lower bounds of self-sustaining viability yet re-
main unflagged by existing monitoring systems. Populations
failing to meet this numerical standard should automati-
cally qualify for expedited conservation status reviews, im-
mediate resource allocation, and strategic intervention plan-
ning, irrespective of their location within formally designated
protected areas. Furthermore, institutionalizing demographic
composition, particularly the presence or absence of recruit-
ment across multiple age classes, should be institutionalized
as a mandatory reporting criterion in all population moni-
toring surveys to complement the traditional counts of adult
individuals.

4.2 Emergency conservation actions for the Nanhua
population

I. Urgent genetic rescue and ex situ propagation. For the
Nanhua G. pensilis population, intervention opportuni-
ties are rapidly diminishing. We recommend immedi-
ate genetic rescue through two complementary path-
ways. Given the advanced senescence of surviving in-
dividuals, vegetative propagation via stem cuttings of-
fers the most pragmatic route to preserve extant geno-
types (Wojnicka-Péttorak et al., 2022). To capture resid-
ual genetic diversity, all reproductive material including
cones and seeds should be systematically banked ex situ
(Exposito-Alonso et al., 2022; Le6n-Lobos et al., 2012).
Resulting progeny must be maintained in controlled en-
vironments until sufficiently robust for reintroduction to
riparian zones adjacent to the original site, or retained in
living collections as demographic insurance against lo-
calized extinction (Griffith et al., 2015).

II. Habitat restoration, individual revitalization, and sys-
tematic monitoring. In tandem with ex situ efforts, in
situ habitat restoration is essential to recreate condi-
tions conducive to seedling establishment (Grossnickle,
2018). Critical actions include targeted soil decom-
paction to improve aeration, drainage management to
restore seasonal hydrological fluctuations, and selec-
tive thinning of competing vegetation to enhance light
availability for the remaining canopy. To maximize the
functional lifespan of the most compromised individu-
als as seed sources, we recommend implementing tar-
geted arboricultural care including pathogen screen-
ing, structural stabilization, and the application of soil
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amendments (Fay, 2002). Furthermore, a long-term de-
mographic monitoring framework must be established
(Schweiger et al., 2020), utilizing annual censuses to
track physiological vitality, reproductive output, and the
success of any natural or assisted recruitment.

4.3 Integrate sacred-site management with
conservation science

Sacred forests and temple groves have long been managed
by religious communities as expressions of cultural and spir-
itual values (Sullivan et al., 2024; Xie et al., 2025; Frascaroli
et al., 2016), and it is precisely this sustained stewardship
that has allowed populations such as the G. pensilis grove
at Nanhua Temple to endure into the present. The challenge,
therefore, is not to replace or override existing cultural man-
agement, but to complement it with the ecological knowledge
and technical capacity that passive custodianship alone can-
not provide.

We call for strengthened collaboration between conserva-
tion biologists and the administrators of culturally protected
landscapes harboring threatened plant populations (Doda
Doffana, 2019). Such collaboration should be practical and
site-specific: joint demographic assessments, shared moni-
toring protocols, and technically guided habitat restoration
implemented in a manner consistent with the cultural charac-
ter of the site. In instances where temple or monastery man-
agers already exercise stewardship over an endangered pop-
ulation, scientific partners can provide the diagnostic tools
including population viability analysis, soil assessment, and
propagation expertise required to transform well-intentioned
protection into ecologically effective conservation. Further-
more, while this study focuses on ecological diagnostics, fu-
ture conservation strategies should adopt mixed-methods ap-
proaches that integrate social and anthropological perspec-
tives to fully capture the complex human-nature interactions
in temple forests (Xie and Jim, 2026).

More broadly, this case draws attention to a category of
threatened population that deserves far greater systematic at-
tention: micro-populations of endangered species persisting
within culturally managed landscapes beyond the boundaries
of formal nature reserves. Sites analogous to Nanhua Tem-
ple almost certainly exist across subtropical China and the
wider region, their resident populations equally fragile and
equally overlooked. We urge botanists, conservation practi-
tioners, and heritage site administrators alike to survey such
landscapes with demographic rigor, to recognize regenera-
tion failure as an emergency signal rather than a background
condition, and to treat the living trees in their care not merely
as cultural monuments, but as the last biological representa-
tives of populations that cannot afford further delay.
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5 Conclusion

The remnant micro-population of G. pensilis at Nanhua Tem-
ple serves as a stark reminder that conservation status and
conservation security are not synonymous. Nine senescent
trees, sheltered for centuries by cultural reverence yet devoid
of regeneration and on an irreversible demographic trajec-
tory, expose a critical gap in how we identify, assess, and
respond to extinction risk in threatened plant species. Micro-
populations embedded in sacred or cultural landscapes are
particularly susceptible to this gap: their cultural signifi-
cance confers visibility and nominal protection while si-
multaneously obscuring the ecological dysfunction unfold-
ing within them. Addressing this requires three urgent shifts
in conservation practice — recognizing demographic viabil-
ity, not mere presence, as the operative measure of a pop-
ulation’s security; treating micro-populations below critical
size and recruitment thresholds as conservation emergencies
rather than low-priority residuals; and building genuine part-
nerships between conservation scientists and cultural insti-
tutions to transform passive custodianship into active eco-
logical stewardship. Without timely intervention, many such
remnant populations may disappear silently before their loss
is even recognized.
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