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1. Introduction

The accelerating erosion of biological diversity is one of the defining environmental
challenges of the Anthropocene. Across terrestrial, marine, and freshwater systems, human-
driven pressures, habitat conversion, pollution, hydrological alteration, climate change, and
the introduction of invasive species are driving species losses at rates estimated to be orders
of magnitude above background extinction levels (Ceballos et al., 2017; IPBES, 2019).
Conservation biology has responded to this crisis with a dual mandate: to understand the
ecological and evolutionary processes that determine species vulnerability, and to translate
that understanding into management frameworks capable of preventing irreversible loss.
The urgency of this mandate has intensified as evidence accumulates that the window for
effective intervention is narrowing that for many species, the distance between 'threatened'
and 'extinct' is measured not in centuries but in decades (Régnier et al., 2015; Dirzo et al.,
2014).

Freshwater ecosystems occupy less than one percent of the Earth's surface yet
support an estimated twelve percent of all known animal species, a concentration of
biodiversity that renders them ecologically disproportionate to their spatial extent
(Dudgeon et al., 2006; Reid et al., 2019). At the same time, they are among the most
threatened ecosystems on the planet. Freshwater species are declining at rates that
substantially exceed those recorded in terrestrial or marine systems, driven by the
intersection of habitat degradation, diffuse and point-source pollution, hydromorphological
alteration of river channels, over-exploitation, climate-driven hydrological change, and the
spread of invasive species and pathogens (Strayer & Dudgeon, 2010; WWF, 2020). The
dendritic architecture of river networks compounds these threats: unlike terrestrial species,
which can disperse across a landscape matrix, freshwater species dependent on continuous
water bodies are constrained by hydrological connectivity. Barriers to dispersal are
therefore barriers to recolonization, and local extinctions in isolated headwater systems are,
in most cases, permanent (Fagan, 2002; Campbell Grant et al., 2007).

Within freshwater systems, species with narrow geographic ranges and limited
dispersal capacity face compounded extinction risk. Range-restricted endemic species are,
by definition, unable to track shifting environmental conditions across large spatial scales;
their entire global population may be concentrated within a single river basin or a small
cluster of headwater tributaries. For such species, the loss of even a fraction of occupied
habitat is not a local event, it is a proportional reduction in global population size. The
interaction of restricted range, low dispersal capacity, small effective population sizes, and
the stochastic environmental variability that characterizes headwater systems creates a
vulnerability profile that standard conservation frameworks, designed primarily for more
widely distributed taxa, frequently fail to address adequately (Abell et al., 2007; Strayer &
Dudgeon, 2010; Reid et al., 2019).

Freshwater crayfish exemplify this vulnerability profile with particular clarity. As
omnivorous consumers and ecosystem engineers, crayfish occupy central positions in
freshwater food webs, influencing nutrient cycling, sediment dynamics, and the structure
of benthic and riparian communities (Momot, 1995; Holdich ez al., 2009). European native
crayfish species are simultaneously ecologically important and acutely threatened: they
face habitat degradation, hydrological alteration, and uniquely among freshwater
invertebrate groups, the additional existential threat posed by Aphanomyces astaci, the
crayfish plague pathogen introduced to Europe through invasive North American crayfish
species, to which all European native species are fully susceptible (Holdich et al., 2009;
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Svoboda et al., 2017). One third of European native crayfish species are currently assessed
as threatened on the IUCN Red List, a proportion that reflects both the biological
vulnerability of the group and the severity of anthropogenic pressures operating across
European freshwater systems (Richman et al., 2015).

Among European astacids, headwater-specialist species with highly restricted
distributions represent the most critically vulnerable component of native crayfish
diversity. These species are characterized by small, fragmented, and genetically isolated
populations that are dependent on specific hydrological and habitat conditions found only
in upper catchment streams. Their limited dispersal capacity renders natural recolonization
following local extinction effectively impossible, meaning that each subpopulation lost
represents a permanent and irreversible reduction in the species' global population and
genetic diversity (Fagan, 2002; Frankham et al., 2017). The conservation of such species
demands not only the identification and protection of occupied habitat, but a thorough
understanding of population structure, genetic diversity, threat dynamics, and spatial
connectivity, an integrated knowledge base that requires sustained, multi-disciplinary
scientific investment.

Austropotamobius bihariensis Parvulescu, 2019, embodies this conservation
challenge in an extreme form. An endemic freshwater crayfish restricted to headwater
streams in the Apuseni Mountains of western Romania, it represents one of the most
narrowly distributed astacid species in Europe. Its isolation, ecological, hydrological, and
evolutionary, places it at the intersection of every risk factor identified as most dangerous
for freshwater biodiversity: restricted range, low dispersal capacity, small population size,
genetic fragmentation, and exposure to an expanding suite of anthropogenic threats. The
formal recognition of its Endangered status on the global IUCN Red List (Ion et al., 2024)
has established A. bihariensis as a species for which the conservation imperative is both
scientifically unambiguous and legally activated, and for which the window for effective
intervention, if not already constrained, is measurably narrowing.

Understanding and sustainably managing A. bihariensis therefore demands an
integrated programme of scientific investigation and conservation planning that
simultaneously addresses the population's demographic status, genetic architecture, threat
exposure, spatial distribution, and legal protection framework. This thesis assembles that
programme. Drawing on long-term population monitoring, population genomics, semi-
quantitative threat assessment, spatial habitat modelling, and conservation policy analysis,
it presents a comprehensive conservation assessment of the species and derives from that
assessment a science-based, operationally specific framework for its management and
protection. In doing so, it aims to demonstrate not only what is required to conserve A.
bihariensis, but how the integration of multiple independent evidence streams can produce
a conservation case that is both scientifically defensible and directly actionable by the full
range of stakeholders on whom the species' persistence depends.



2. Integrated Conservation Evidence and Status Assessment of Austropotamobius
bihariensis

2.1. Rationale for an Integrated Conservation Assessment

The conservation status of narrowly distributed freshwater species cannot be adequately
evaluated through distributional data alone. In freshwater ecosystems, population
abundance may decline progressively while the species remains detectable across
historically occupied sites (Strayer & Dudgeon, 2010). Environmental pressures in riverine
systems, habitat degradation, hydromorphological alteration, pollution, and altered
hydrological regimes, accumulate across catchments and operate through multiple
interacting pathways (Reid et al., 2019). An assessment relying exclusively on occurrence
records will therefore systematically underestimate extinction risk.

For species inhabiting dendritic river networks, this limitation is structurally
compounded. The spatial architecture of river systems constrains dispersal between
tributaries and creates functionally isolated habitats. Following local extinction,
recolonization is slow or absent (Fagan, 2002). Cumulative local losses erode population-
level viability without producing detectable changes in apparent range extent.

For A. bihariensis, the available conservation-relevant evidence integrates long-
term demographic monitoring, spatial modelling of habitat suitability and protection
coverage, population genomic analyses, and formal [IUCN Red List assessment (Ion ef al.,
2024; Bonassin et al., 2024; Acs et al., 2025;). Only through the convergence of these
independent evidence streams is it possible to characterize the current conservation status
of the species and to identify the mechanisms most likely to determine its long-term
persistence. An assessment relying on fewer lines of evidence would be demonstrably
incomplete.

Management Implications

The multi-evidence framework described above directly determines the minimum
requirements for scientifically defensible conservation planning for A. bihariensis. The
following measures are required:

* Implementation of coordinated, multi-metric monitoring programmes combining
demographic surveys (CPUE), habitat condition assessment, and population genetic
sampling applied consistently across all known subpopulation sites. Single-metric
assessments are insufficient to detect early warning signals of population decline in
riverine systems (Strayer & Dudgeon, 2010; Reid et al., 2019).

* Integration of environmental DNA (eDNA) methods as a complement to traditional
CPUE-based surveys to increase detection sensitivity at low-density sites and to
enable early warning surveillance for both the target species and for invasive
crayfish species. eDNA-based tools have been validated for freshwater crayfish
detection and substantially increase monitoring coverage at reduced field effort
(Manenti et al., 2024; King et al., 2022).

* Periodic reassessment of conservation status under the [IUCN Red List framework
at intervals of no more than five years, or immediately following any major



disturbance event. Outdated classifications may undermine the legal and policy case
for continued protection (IUCN, 2022).

» Integration of monitoring outcomes into formal adaptive management cycles that
allow conservation interventions to be adjusted in response to emerging evidence
of population change. Adaptive management is recognized as essential for
conservation under conditions of environmental uncertainty (Gregory et al., 2006).

The approach reflects the minimum methodological standards required to detect
population trends in a species where range-based assessments have been demonstrated to
mask ongoing demographic decline (Strayer & Dudgeon, 2010). The integration of eDNA
surveillance with traditional demographic monitoring and genomic analysis is increasingly
recognized as the baseline for defensible conservation assessments of threatened freshwater
species in dendritic river networks (Reid et al., 2019; King et al., 2022).

The available evidence consequently places a clear methodological obligation on future
conservation assessments of A. bihariensis: any assessment that does not integrate
demographic, spatial, and genetic evidence cannot be considered scientifically sufficient to
evaluate the conservation status of the species. Where management decisions are based on
incomplete assessments, the risk of systematically underestimating extinction threat, and
of failing to implement timely conservation action, is demonstrable and unacceptable.

2.2. Long-Term Population Monitoring

The long-term field monitoring programme conducted by lon et al. (2024) provides the
primary empirical basis for evaluating the demographic status of A. bihariensis. Systematic
surveys were conducted across the Apuseni Mountains over a period exceeding ten years,
covering tributaries of the Crisul Alb, Crisul Negru, Crisul Repede, Aries, and Barcau river
basins. Standardized capture protocols and catch-per-unit-effort (CPUE) metrics were
applied consistently, ensuring that observed differences among sites and time periods
reflect genuine ecological patterns rather than methodological artefacts.

The results of this monitoring programme establish the following documented facts.
The total population of A. bihariensis is estimated at 31,150 individuals, without taking
juveniles in consideration (449 SE), occupying approximately 1,163,754 m? of suitable
stream habitat distributed across the Apuseni Mountains (Ion ef al., 2024; Acsetal., 2025).
These individuals occur in a strongly fragmented spatial configuration, confined to short
sections of cold, well-oxygenated headwater streams characterized by stable substrates,
submerged woody debris, and intact riparian vegetation, separated by unsuitable habitats,
hydrological barriers, and watershed divides.

Subpopulation-level trend analyses demonstrate measurable demographic decline
at multiple monitored sites. Several sites experienced complete local extinction during the
monitoring period (Ion et al., 2024). These losses occurred preferentially in habitats subject
to anthropogenic disturbance or hydrological instability, establishing a direct empirical link
between local environmental conditions and population persistence. Crucially, these
demographic declines are not accompanied by detectable reductions in the overall
distribution range. Range stability, therefore, provides no evidence against ongoing
population erosion and cannot be used to argue against conservation concern.



For management purposes, local extinction should not be inferred from a single
survey with zero captures. In the present monitoring framework, a subpopulation should be
classified as locally extinct / extirpated only when a previously confirmed population site
and the immediately adjacent suitable stream sections have been resurveyed using the same
standardized CPUE protocol during periods of expected crayfish activity, and no
individuals are detected in repeated surveys over a biologically appropriate time frame.
This criterion follows the general IUCN principle that extinction can only be presumed
after repeated surveys in known or expected habitat, conducted at appropriate seasonal and
annual times, fail to record any individual. Because detection probability is rarely equal to
one, especially in low-density or declining crayfish populations, non-detection must be
interpreted cautiously and, where possible, supported by repeated night searches,
trapping/manual capture, and complementary eDNA screening. Operationally, a site should
therefore be treated as extirpated only when consecutive negative surveys reduce the
probability of undetected persistence to a negligible level, for example when
occupancy/detection modelling indicates a very low probability that individuals remain
present. Until this evidentiary threshold is reached, the site should be reported as “not
detected” or “possibly extirpated”, rather than extinct. This distinction is important because
management responses differ: confirmed extirpation justifies habitat restoration and
potential assisted recolonization, whereas uncertain absence requires intensified
monitoring before intervention is planned (MacKenzie et al., 2002; Chucholl et al., 2021;
Strand et al., 2019).

Management Implications

The demographic evidence establishes clear and measurable requirements for conservation
action. Priority measures include:

* Maintenance and standardization of long-term CPUE monitoring across all known
subpopulation sites, with priority assigned to sites previously affected by
anthropogenic disturbance or hydrological instability. Annual surveys constitute the
minimum frequency required to detect trends reliably. Consistent protocols across
sites are required to ensure comparability (Ion et al., 2024).

* Development of population viability analyses (PVA) using the available
demographic parameters (estimated total N = 31,150 £ 449 SE) to quantify
extinction probabilities under different threat scenarios and to define population
size thresholds below which urgent intervention is required. PVA modelling has
been applied to threatened freshwater crayfish to guide management decisions and
evaluate the effect of different conservation interventions (Meyer et al., 2007; Todd
etal.,2018).

* Establishment of conservation breeding and ark-site programmes for
subpopulations at the highest extinction risk. Ark sites, isolated stream sections or
captive facilities free from invasive species and disease, provide insurance
populations against catastrophic local loss. Their use is documented as effective for
Austropotamobius pallipes and related species under comparable threat regimes
(Stebbing et al., 2010; LIFE CRAINat Project, 2013).



» Targeted habitat management at extirpated and degraded sites to assess the
feasibility of assisted recolonization, including evaluation of substrate stability,
riparian condition, water temperature and oxygen availability against the ecological
requirements established by Ion ef al. (2024). Restoration of these parameters to
documented threshold conditions is a prerequisite before any reintroduction can be
attempted (Cagnolo et al., 2018).

The measures are grounded in the documented demographic trajectory of the species.
The combination of a total estimated population of only 31,150 individuals distributed
across spatially isolated subpopulations, confirmed extirpations at multiple monitored sites,
and the absence of natural recolonization pathways establishes the conditions under which
both PVA-based risk quantification and insurance population management become
necessary rather than precautionary tools (Beissinger & Westphal, 1998; Todd et al., 2018).
The existence of comparable programmes for related species, most notably
Austropotamobius pallipes across several European jurisdictions, demonstrates that such
measures are practically achievable within the conservation resources typically available
for Endangered freshwater invertebrates (Stebbing et al., 2010).

The available demographic evidence places an unambiguous burden on conservation
managers: in the absence of population viability analyses, ark-site programmes, and
targeted habitat restoration at extirpated localities, the current rate of subpopulation loss
documented by Ion et al. (2024) will continue unmitigated. Inaction in the face of
documented local extirpations does not constitute a neutral management position; it
constitutes a decision to accept the progressive erosion of a species already classified as
Endangered.

2.3. Population Genetic Structure and Connectivity

Population genomic analyses provide an independent line of evidence regarding the
conservation status of A. bihariensis (Bonassin et al., 2024). A reduced-representation
sequencing approach was applied to 235 individuals sampled from 13 populations across
the species' known range, yielding 4,875 high-quality SNP markers. The results are
unambiguous in their conservation implications.

Genetic diversity within populations is demonstrably low. The proportion of
polymorphic loci ranged from 0.212% to 0.464%, values markedly reduced relative to those
reported for more widespread crayfish species, consistent with small effective population
sizes and restricted gene flow. Effective population size (Ne) estimates from linkage
disequilibrium analyses ranged from approximately 3.1 to 86.3 individuals for most
populations; heterozygote excess-based estimates ranged from approximately 6.9 to 1,033
individuals (Bonassin et al, 2024). These values confirm that the majority of
subpopulations are demographically small and correspondingly susceptible to inbreeding
depression and genetic drift.

Genetic differentiation among populations is substantial. Pairwise FS7T values
ranged from 0.025 to 0.29, indicating moderate to strong isolation among populations in
separate tributaries. This demonstrates that hydrological boundaries function as effective
dispersal barriers and that gene flow across river basins is minimal. The direct conservation
consequence is irrefutable: the loss of any subpopulation cannot be offset through natural
recolonization. Each subpopulation constitutes a unique and irreplaceable component of
the species' genetic diversity.
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Management Implications

The genomic evidence reviewed above requires specific conservation responses directed at
preventing the irreversible loss of genetic diversity. Priority measures include:

» Facilitated gene flow between genetically isolated subpopulations where effective
population size estimates fall below minimum viable thresholds. Augmentation of
gene flow through translocation counteracts inbreeding depression and restores
adaptive potential. Meta-analyses of 156 datasets demonstrate that outcrossing of
inbred populations results in beneficial fitness effects in 92.9% of cases where
outbreeding depression risk is low (Frankham, 2015). Given documented pairwise
FST values up to 0.29, the risk of outbreeding depression must be evaluated on a
pairwise population basis prior to any translocation (Weeks et al., 2011; Harrisson
etal.,2017).

» Establishment of an ex-situ conservation programme for the most genetically
distinct and demographically small subpopulations. Ex situ holdings provide
insurance against stochastic extinction events from which natural recolonization is
impossible given the documented dispersal barriers. The programme should
maintain captive populations representative of the full range of SNP diversity
identified by Bonassin et al. (2024), with protocols following the guidelines of
Frankham et al. (2010).

» Incorporation of genetic monitoring into long-term surveillance protocols, using the
SNP panel of 4,875 markers developed by Bonassin ef al. (2024) to track temporal
changes in effective population size and allelic diversity. Genomic monitoring is
now considered a standard component of conservation management for freshwater
species with small, fragmented populations (Willi et al., 2022).

* Restriction of any activities that further reduce connectivity between occupied
stream sections, including water abstraction, channelization, and riparian clearing.
Given Ne values as low as 3.1 individuals in some populations, any additional
reduction in connectivity constitutes a management action with a measurable

probability of accelerating local extinction (Traill et al., 2011; Bonassin et al.,
2024).

The genomic evidence generated by Bonassin et al. (2024) establishes that the
population genetic architecture of A. bihariensis is already severely compromised. With
effective population sizes below 10 individuals in several subpopulations and pairwise F'ST
values reaching 0.29, the species displays the genetic hallmarks of long-term isolation and
demographic contraction that are widely associated with elevated inbreeding depression
and reduced capacity to respond adaptively to environmental change (Frankham et al.,
2010; Willi et al., 2022). The measures proposed above, facilitated gene flow, ex situ
holdings, and genomic surveillance, represent the minimum intervention set required to
arrest further genetic erosion and to maintain the evolutionary potential of surviving
subpopulations.

The genetic evidence places an indisputable standard of evidence on conservation
planning: each subpopulation that is lost before ex sifu holdings are established, and each
dispersal barrier that is created or maintained without assessment of its genetic
consequences, results in the permanent and irreversible loss of unique genetic diversity.
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Given the absence of natural dispersal routes between river basins, no subsequent
management action can recover genetic variation lost through subpopulation extinction.
The window for preventive genetic conservation action is therefore finite and contingent
on the survival of the subpopulations that currently exist.

2.4. Habitat Availability and Protection Coverage

The effectiveness of any conservation framework ultimately depends on whether a
sufficient proportion of the ecological habitat required by a species is secured under legally
enforceable protection. In the case of Austropotamobius bihariensis, the currently available
spatial evidence indicates that this condition is not met.

Spatial modelling conducted by Acs et al. (2025) provides the most comprehensive
quantitative estimate of habitat availability for the species. Habitat suitability analyses
identify cold, well-oxygenated headwater streams with moderate flow regimes and intact
riparian vegetation as the primary ecological setting supporting viable populations. Across
the species' known distribution, the total area of suitable habitat was estimated at 1,163,754
m? (Acs et al., 2025).

Crucially, the same analysis demonstrates a substantial discrepancy between habitat
availability and formal protection coverage. Only 37.9% of the suitable habitat falls within
the boundaries of the 13 currently designated protected areas in the region (Acs et al.,
2025). Accordingly, the majority of the habitat capable of sustaining the species remains
outside the scope of legally designated conservation areas.

From an evidentiary standpoint, these figures establish a clear and quantifiable
imbalance. Where the majority of ecologically suitable habitat lies outside protected areas,
the burden of demonstrating that the existing protection network is nevertheless sufficient
rests on those asserting its adequacy. At present, no evidence has been presented that would
support such a conclusion.

Furthermore, even within designated protected areas, protection frequently applies
only to isolated stream segments rather than entire hydrological catchments. For headwater
specialists such as 4. bihariensis, this spatial configuration is ecologically problematic. The
ecological integrity of headwater systems is determined by upstream land use, hydrological
connectivity, and catchment-scale processes. Consequently, the protection of isolated
sections of streams does not guarantee the preservation of the ecological conditions
required for the persistence of the species.

Taken together, the available evidence demonstrates that the current spatial
configuration of protected areas does not correspond to the ecological distribution of
suitable habitat for A. bihariensis.

Management Implications

In light of the spatial evidence outlined above, strengthening habitat protection for A.
bihariensis requires targeted adjustments to the current conservation framework.

Priority measures include:

* Expansion of protected-area boundaries to incorporate currently unprotected
headwater streams identified as suitable habitats.
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» (Catchment-scale conservation planning, ensuring that upstream land-use practices
do not compromise downstream habitat quality (Reid et al., 2019).

* Protection and restoration of riparian vegetation corridors, which regulate water
temperature, stabilize stream banks, and maintain structural habitat complexity.
Forested riparian buffers provide shade that reduces stream temperature, supply
organic matter inputs to the stream food web, and contribute large woody debris
that increases habitat structural complexity for shelter-dependent invertebrates
(Sweeney & Newbold, 2014; Kuglerova et al., 2017). Minimum effective buffer
widths for headwater cold-water species typically exceed 30 m on each bank; wider
buffers deliver proportionally greater water quality and habitat benefits (Sweeney
& Newbold, 2014).

These measures reflect well-established principles of freshwater conservation.
Catchment-scale protection strategies are widely recognized as essential for maintaining
the ecological integrity of river systems and safeguarding freshwater biodiversity (Abell et
al.,2007; Reid et al., 2019).

Importantly, the spatial evidence presented here also carries clear policy implications.
Where robust analyses demonstrate that a majority of suitable habitat falls outside protected
areas, maintaining the current configuration without adjustment risks creating a situation
of nominal or incomplete protection. In such circumstances, conservation designations may
formally exist while failing to secure the ecological conditions necessary for species
persistence.

Consequently, the available evidence places a clear evidentiary burden on future
conservation planning: either the protected-area network must be expanded or
complementary catchment-scale measures must be implemented to ensure that the species'
suitable habitat is effectively safeguarded. Without such measures, the current protection
framework cannot reasonably be considered sufficient to ensure the long-term conservation
of A. bihariensis.

2.5. Identified Threats and Risk Factors

The integration of monitoring results and spatial analyses identifies several interacting
pressures affecting A. bihariensis populations (Ion et al., 2024; Acs et al., 2025). Each
threat category below is supported by empirical evidence with a direct and demonstrable
link to population decline.

Habitat degradation associated with forest management practices in mountain
catchments constitutes the best-documented driver of local population loss. Intensive
forestry alters hydrological regimes, increases fine sediment loading, and removes riparian
vegetation, reducing structural habitat complexity and degrading water quality. The spatial
correspondence between anthropogenic disturbance at monitored sites and observed local
extirpations in the dataset of lon ef al. (2024) establishes this as a primary and ongoing
threat.

Hydrological stress driven by climatic variability represents an additional and
quantifiable pressure. Prolonged drought reduces discharge in headwater streams,
fragmenting continuous aquatic habitats into isolated pools and exposing crayfish
populations to elevated mortality through oxygen depletion and increased predation risk.
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Hydrological projections indicate increasing drought frequency and intensity across parts
of Europe (D61l & Schmied, 2012). For a species entirely confined to small headwater
systems, there is no hydrological refuge when discharge falls below critical thresholds.

Crayfish plague (Aphanomyces astaci) constitutes a persistent and potentially
catastrophic risk. While large-scale outbreaks have not yet been recorded across the core
distribution of A. bihariensis, all European crayfish species are highly susceptible to the
pathogen (WOAH, 2009). The pathogen is primarily spread by North American carrier
species and via contaminated wet equipment moved between water bodies (Grandjean et
al., 2024). Given the small effective population sizes confirmed by Bonassin et al. (2024)
and the absence of dispersal routes for recolonization, a single plague event at an isolated
subpopulation would result in permanent local extinction.

Management Implications

Each of the three threat categories identified above requires specific and targeted
conservation responses. Priority measures include:

* Regulation of forest management practices within occupied catchments, with
mandatory retention of riparian buffer strips of at least 30 m on each bank of
occupied headwater streams. Clear-cutting within these buffer zones must be
prohibited. Forested riparian buffers are the primary management tool for
maintaining the thermal regime, sediment dynamics, and organic matter inputs that
determine habitat quality for cold-water invertebrates in headwater systems
(Sweeney & Newbold, 2014; Reid ef al., 2019).

* Implementation of continuous hydrological monitoring at occupied sites to
establish site-specific discharge thresholds below which crayfish populations are
exposed to critical stress. These thresholds should be integrated into water
abstraction permitting procedures under the Water Framework Directive to ensure
that minimum ecological flows are maintained at occupied sites. Hydrological
modelling frameworks for minimum ecological flows are established and available
for application in European contexts (Ddll & Schmied, 2012).

* Implementation of mandatory biosecurity protocols for all fieldwork activities
within and adjacent to occupied catchments, including disinfection of all footwear,
waders, and sampling equipment between sites. 4. astaci is killed by short exposure
to temperatures of 60°C, by exposure to temperatures of —20°C for 48 hours or
more, by sodium hypochlorite, and by thorough drying for more than 24 hours
(WOAH, 2009). These protocols are legally required in several European
jurisdictions and their adoption as standard practice for all survey activities in
occupied catchments is the minimum necessary precaution (Svoboda ef al., 2017).

» Systematic eDNA-based surveillance for invasive crayfish species within and
upstream of occupied reaches, to provide early warning of potential plague carrier
introductions before population-level transmission occurs. eDNA methods have
demonstrated higher sensitivity than traditional trapping for early detection of
invasive crayfish at low densities (Larson et al., 2016; King et al., 2022), and
simultaneous multiplex assays for both native and invasive crayfish species are
technically established for European systems (Chucholl et al., 2021).
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The threat profile of 4. bihariensis is characterized by the simultaneous operation of
multiple interacting pressures, each of which alone would be sufficient to drive continued
population decline in a species with the demographic and genetic parameters documented
above. Habitat degradation and hydrological stress act progressively and continuously
across the species' range, while crayfish plague represents a discrete but potentially
catastrophic event capable of eliminating individual subpopulations within days of
introduction (WOAH, 2009; Holdich et al., 2009). The interaction between chronic
stressors reducing population resilience and acute stochastic threats is particularly
dangerous for species with small effective population sizes, as reduced genetic diversity
and demographic small size lower the probability of survival following any acute
disturbance event (Frankham et al., 2010; Svoboda et al., 2017).

The available evidence therefore establishes that the absence of any one of the four
management measures identified above, riparian buffer regulation, minimum ecological
flow protection, biosecurity enforcement, and eDNA-based invasive species surveillance,
constitutes a demonstrable and quantifiable gap in the conservation framework for A.
bihariensis. Partial implementation of threat management, in a species already assessed as
Endangered, is not a precautionary position; it is a decision to accept continued exposure
to the documented drivers of decline.

2.6. Application of the IUCN Red List Framework

Ion et al. (2024) conducted a formal assessment of A. bihariensis under the [UCN Red List
Categories and Criteria (version 3.1), incorporating data on geographic range, population

structure, documented demographic trends, and identified environmental pressures (IUCN,
2022).

The species occupies a restricted geographic range confined to tributaries of the
Crisul Alb, Crisul Negru, Crisul Repede, Aries, and Barcau river basins within the Apuseni
Mountains. Within this range, populations are restricted to spatially isolated headwater
stream sections. This configuration is recognized as a structural amplifier of extinction risk
in freshwater systems (Fagan, 2002; Campbell Grant et al., 2007): where hydrological
barriers effectively preclude dispersal, range metrics overestimate functional resilience.

The convergence of restricted range extent, pronounced spatial fragmentation,
documented extirpations at monitored sites (Ion et al., 2024), and 62.1% of suitable habitat
lying outside legally protected areas (Acs et al., 2025) satisfies the diagnostic criteria for
an Endangered classification. 4. bihariensis was accordingly classified as Endangered
(Figure 1) under IUCN Ciriterion B (Ion ef al., 2024). This classification is not based on
any single metric: it reflects the simultaneous fulfilment of multiple independent indicators
of elevated extinction risk. The Endangered status, therefore, constitutes the most
defensible scientific conclusion derivable from the available evidence and provides the
necessary and sufficient foundation for prioritized conservation action.
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Figure 1. IUCN assessment for A. bihariensis
(Ton et al., 2024)

Management Implications

The Endangered classification of A. bihariensis under the IUCN Red List framework
creates direct obligations and specific instruments for conservation planning. Priority
measures include:
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Development and adoption of a species-specific conservation strategy with
quantitative recovery targets derived from the [IUCN assessment criteria, including
a minimum viable habitat area that must be under formal protection, a minimum
number of viable subpopulations, and a maximum permissible rate of subpopulation
loss. IUCN guidelines for species conservation planning provide an established
framework for the preparation and implementation of such plans (IUCN-SSC,
2017).

Periodic re-evaluation of the IUCN status at intervals of no more than five years, or
immediately following a major disturbance event such as a disease outbreak or
drought. Outdated classifications erode the evidential basis for legal protection and
may fail to capture deterioration in population status between assessment cycles
(Richman et al., 2015; TUCN, 2022).

Integration of the Endangered classification into river basin management plans
prepared under the Water Framework Directive (European Parliament, 2000),
ensuring that hydrological and land-use management decisions within occupied
catchments are subject to formal impact assessment for their potential effects on A.
bihariensis populations.

Use of the IUCN Endangered status as a direct instrument for cross-border policy
engagement. Given the distribution of the species across tributaries of multiple river
basins in the Apuseni Mountains, effective conservation requires coordination with
relevant water management and biodiversity authorities at national and, where
applicable, transboundary levels. Freshwater crayfish are among the most



threatened groups globally, approximately one-third of all freshwater crayfish
species are threatened with extinction (Richman et al., 2015), and the Endangered
classification provides the internationally recognized standing necessary to secure
resources and engagement for conservation action.

The Endangered classification of 4. bihariensis under IUCN Criterion B is not merely
a taxonomic status: it constitutes a formal, evidence-based finding that the species faces a
high risk of extinction in the wild unless the conditions driving its decline are addressed.
The IUCN framework provides the standardized, internationally credible basis upon which
the conservation action plan, WFD integration, and transboundary coordination proposed
above can be demanded and legally justified (IUCN-SSC, 2017). Without the formal
classification, each of these policy instruments loses a critical part of its evidentiary
foundation. The classification and the management instrument it enables are therefore
inseparable components of the same conservation argument.

The available evidence consequently establishes that the Endangered classification
must be actively deployed as a policy instrument, not merely recorded as a scientific
finding. An Endangered classification that does not trigger a species action plan, does not
inform river basin management, and is not used to engage conservation authorities at
national and European levels fails to fulfil the practical conservation function for which the
IUCN assessment framework was designed (IUCN, 2022; Richman et al., 2015). The
burden of justifying the absence of these follow-on measures rests on those responsible for
their implementation.

2.7. Policy Implications and Legal Recognition

The conservation assessment of A. bihariensis demonstrates that systematically assembled
empirical evidence can directly advance conservation policy. Evidence from ecological
monitoring, spatial modelling, population genomic analyses, and IUCN classification
provided the foundation for engagement with Romanian national conservation authorities.

Following consultations with relevant scientific institutions, conservation
authorities, and stakeholders, proposals were submitted for the inclusion of A. bihariensis
in Annexes 3 and 5A of Government Emergency Ordinance No. 7/2025, updating the
national legislative framework implementing the provisions of the European Union
Habitats Directive. The species was Campbell Granted formal national protection status
(Parvulescu ef al., 2026). This outcome confirms that the assembled body of evidence was
sufficient to satisfy the evidentiary requirements of national legislative procedure.

Legal recognition establishes a statutory framework within which conservation
measures can be implemented with binding authority. Where scientific evidence documents
a demonstrated gap between the ecological requirements of a species and the protection
afforded by existing legal instruments, as it does in the case of A. bihariensis, the obligation
to address that gap through legislative and management action is established.

Management Implications

Legal recognition under national and European frameworks creates specific obligations and
instruments for conservation management. Priority measures include:
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* Preparation of a species-specific conservation action plan or strategy under the
provisions of Government Emergency Ordinance No. 7/2025, setting out
measurable recovery objectives, priority management actions, timelines, and
assigned institutional responsibilities. The European Commission has supported the
development of species action plans since 2008 as tools for identifying and
prioritizing measures to restore threatened species across their ranges within the
EU; such plans constitute a recognized mechanism for translating legal protection
into implemented management action (European Commission, 2014).

» Integration of species conservation requirements into river basin management plans
under the Water Framework Directive, ensuring that hydrological and land-use
decisions within occupied catchments are formally assessed for their potential
impacts on A. bihariensis populations and that minimum ecological flows at
occupied sites are legally established (European Parliament, 2000).

* Engagement with the European Commission's Article 17 reporting mechanism
under the Habitats Directive, to ensure that the Endangered status of 4. bihariensis
is formally reflected in national reporting obligations and that the species'
unfavourable conservation status triggers the obligations for active restoration
measures specified under Habitats Directive Article 6.

* Development of transboundary conservation coordination for catchments shared
with adjacent countries, recognizing that legal protection within Romania alone
cannot substitute for catchment-scale management where threats may originate
beyond national boundaries. Effective conservation of freshwater biodiversity

requires coordination across entire drainage basins, regardless of political
boundaries (Abell et al., 2007; Reid et al., 2019).

The legal recognition of A. bihariensis under Government Emergency Ordinance No.
7/2025 establishes the statutory preconditions for the conservation measures outlined
above, but does not by itself ensure their implementation. Legal protection creates
enforceable obligations; it does not automatically generate the institutional coordination,
financial commitments, or technical instruments through which those obligations are
discharged. The species action plan, WFD river basin integration, Article 17 reporting, and
transboundary coordination identified above are the operational mechanisms through
which formal legal status is translated into actual conservation outcomes (European
Commission, 2014; IUCN-SSC, 2017).

The available evidence consequently establishes a clear and final evidentiary millstone:
the legal protection of A. bihariensis is a necessary but not sufficient condition for its
conservation. Without the full implementation of the species action plan, river basin
management integration, and transboundary coordination described above, legal
designation risks becoming a form of nominal protection, formally present, but
operationally insufficient to secure the long-term persistence of the species. The scientific
evidence presented across this chapter establishes both what is required and why the current
framework, without these additions, cannot be considered adequate.

A schematic overview of the management implications derived from the integrated
evidence presented in this chapter is provided in Figure 2, which synthesizes the priority
actions, their thematic grouping, and their relative urgency across all seven evidence
sections.
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3. Threat Assessment and Conservation Coverage
3.1. Threat Impact Assessment
3.1.1. Impact Scoring Framework

Understanding why 4. bihariensis populations are declining requires more than the
identification of threats: it requires the systematic quantification of their relative severity,
spatial distribution, and reversibility. Without this, conservation resources cannot be
rationally allocated, management priorities cannot be defended, and the causal mechanisms
linking environmental pressures to observed population loss cannot be established. Ion et
al. (2024) and Acs et al. (2025) addressed this requirement directly, identifying and
evaluating pressures including poor forest management, extreme drought, anthropogenic
development, and riverbed alterations, and examining how these pressures relate to
observed population dynamics.

To move beyond qualitative threat descriptions, Acs et al. (2025) applied a semi-
quantitative impact scoring system in which threats identified through field observations,
environmental data, and expert judgement were scored according to their spatial extent,
intensity, and reversibility (Figure 3). This framework enables direct comparison of
pressure categories across sites, improves transparency and repeatability, and produces
outputs that are applicable to management prioritization even in systems where controlled
experimental data are unavailable. The approach is consistent with methodological
recommendations for structured threat assessment in data-limited freshwater systems
(Nolan et al., 2023) and constitutes a transferable model for the assessment of other
narrowly endemic freshwater invertebrates.

For any conservation stakeholder, whether a protected area manager, a land-use
planning authority, a water management agency, or a conservation NGO, the value of this
framework lies in what it makes possible: a ranked, spatially explicit account of where
threats are most severe, which populations are most exposed, and where intervention is
most likely to prevent irreversible loss. The scoring system is not an academic exercise; it
is the evidentiary foundation upon which every subsequent management decision for the
species must be built.
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3.1.2. Results of the Impact Assessment

The impact assessment of Acs er al. (2025) identified a context-dependent pattern of
pressures in which different threats varied in importance among catchments and stream
sections rather than operating uniformly across the species' range (Figure 4). This finding
has an immediate and practical implication: a single, range-wide management prescription
cannot address the documented threat landscape, and conservation responses must be
differentiated by site. Four recurrent threat categories were recorded across monitored sites:

* Hydromorphological alterations, including channel modification, substrate
disturbance, and structural simplification of stream habitats.

» Forestry-related impacts, including improper forest management practices affecting
riparian integrity and the hydrological and sediment regime of headwater streams.

» Anthropogenic land-use changes, particularly local development and infrastructure
expansion within or adjacent to occupied catchments.

» Hydrological stress, especially reduced discharge associated with extreme drought
periods, which fragments continuous aquatic habitats and limits the availability of
suitable refuges.
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In addition to these recurrent pressures, the risk posed by the crayfish plague pathogen
(Aphanomyces astaci) was incorporated as a latent threat with potentially catastrophic
consequences for small and isolated populations (Acs ef al., 2025). The absence of
documented outbreaks at the time of assessment does not reduce the significance of this
risk: all European native crayfish species are fully susceptible to 4. astaci, and a single
introduction event at an isolated subpopulation, for which no natural recolonization
pathway exists, would result in permanent local extinction (WOAH, 2009; Holdich et al.,
2009).

Two conclusions from these results are non-negotiable for conservation planning. First,
because no single threat operates uniformly across the species' range, management
responses that target only the most conspicuous pressure at any given site will
systematically fail to address the full threat load. Second, and more critically, the co-
occurrence of multiple pressures at sites with declining populations indicates that
cumulative effects, rather than any single stressor, are the proximate driver of local
population loss (Acs et al., 2025). Experimental evidence from freshwater invertebrate
systems demonstrates consistently that single-stressor management in multi-stressor
environments fails to deliver recovery outcomes equivalent to those achieved through
integrated threat reduction (Vinebrooke et al., 2004; Ormerod et al., 2010). Any
conservation programme that does not address the full set of co-occurring pressures at each
priority site is, by the weight of available evidence, unlikely to succeed.

3.1.3. Threat Impacts in Relation to Population Trends

The conservation significance of the impact assessment results is established through their
integration with observed population trends. Acs et al. (2025) interpreted impact scores
alongside demographic data from the long-term monitoring programme of lon et al. (2024),
rather than treating them as stand-alone indicators of extinction risk. The result is
unambiguous: sites exhibiting the strongest population declines consistently coincided with
higher cumulative impact scores, particularly where multiple pressures co-occurred. This
spatial and quantitative correspondence between threat intensity and demographic decline
is not a correlation requiring cautious interpretation, it is a documented causal relationship
that satisfies the IUCN requirement for evidence of continuing decline linked to identified
drivers (IUCN, 2022), and that directly informs where conservation intervention must be
concentrated.

This integration of threat and demographic data provides the strongest available
scientific basis for management prioritization. Sites combining high cumulative impact
scores with declining or extirpated populations are not merely of scientific interest: they
are the sites at which the ongoing failure of the current conservation framework is most
directly expressed, and at which targeted intervention, threat reduction, habitat restoration,
or population reinforcement, is most urgently needed. The methodology of Acs et al. (2025)
identifies these sites explicitly and provides the evidence base that any conservation body,
whether a protected area administration, a national environmental agency, or an EU
reporting authority, requires to justify the allocation of resources and the implementation
of regulatory measures.

Equally important is what this analysis reveals about sites where population decline
has not yet been detected but where cumulative impact scores are already elevated. These
localities represent the next wave of population losses if pressures are not addressed
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proactively. The empirical relationship documented by Acs et al. (2025) between threat
intensity and subsequent demographic decline justifies precautionary intervention at such
sites before irreversible loss occurs, an approach fully consistent with the precautionary
principle as applied in threatened species management (Gregory ef al., 2006). Waiting for
measurable demographic decline to manifest at these sites before acting is not a
scientifically or ethically defensible management position.

3.2. Distribution and Protected Area Coverage
3.2.1. Spatial Overlap with the Protected Area Network

The question of whether A. bihariensis is adequately protected by the existing designated
area network is not a matter of interpretation: it is answered directly and quantitatively by
the spatial analysis of Acs et al. (2025). Using distributional data from long-term field
surveys and habitat suitability modelling, confirmed occurrence records and predicted
suitable habitats were overlaid with existing conservation boundaries across Romania's
protected area network, including Natura 2000 sites and nationally designated protected
areas.

The results establish a protection gap of documented magnitude. Only 37.9% of the
total suitable habitat, estimated at approximately 1,163,754 m?, falls within the boundaries
of the 13 currently designated protected areas in the region (Acs et al., 2025). The
remaining 62.1% of habitat capable of sustaining the species lies entirely outside any
formal conservation boundary, exposed to land-use pressures and management decisions
that are subject to no species-specific regulatory constraint whatsoever. For a species
assessed as Endangered under IUCN Criterion B, with a total population estimated at
31,150 individuals distributed across spatially isolated subpopulations (Ion et al., 2024),
this is not a marginal planning shortfall, it is a structural failure of the protection framework.

This pattern reflects a well-documented and widespread deficiency in protected area
design. Protected area networks across Europe and globally are systematically biased
toward terrestrial and lentic habitats, underrepresenting small headwater streams and the
species that depend on them (Strayer & Dudgeon, 2010; Abell et al., 2017; Reid et al.,
2019). The case of A. bihariensis is not an anomaly, it is an example of a known failure
mode. What distinguishes it from the general pattern is the availability of precise spatial
data, generated by Acs et al. (2025), that identify exactly which stream segments constitute
critical unprotected habitat and that provide the scientific justification for immediate
boundary adjustment. The evidence for where protection must be expanded is not lacking;
what is lacking is its translation into formal designation.

3.2.2. Implications of Partial Protection Coverage

Even the 37.9% of suitable habitat that falls within designated protected areas cannot be
assumed to be effectively protected. Acs er al. (2025) documented that identified threats,
including hydromorphological alteration, forestry impacts, and hydrological instability,
were recorded at sites within protected area boundaries. The persistence of these pressures
inside designated areas demonstrates a fundamental and consequential distinction between
legal status and functional ecological protection. Legal designation controls activities
within a boundary, it does not, by itself, regulate the upstream land-use practices, catchment
hydrology, and riparian management that determine the ecological condition of headwater
streams. A protected stream section whose catchment continues to be clear-cut, drained, or
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developed is not functionally protected, it is merely administratively labelled (Strayer &
Dudgeon, 2010; Abell et al., 2017).

For subpopulations located outside protected areas, the situation is compounded
further. These populations are subject to no species-specific regulatory oversight, are
disproportionately exposed to the anthropogenic pressures documented by Acs et al.
(2025), and, given the limited dispersal capacity and fragmented metapopulational structure
of the species, cannot be recovered through natural recolonization if lost. Given the
pronounced genetic isolation documented by Bonassin et al. (2024), with pairwise FST
values reaching 0.29 between adjacent basin populations, each unprotected subpopulation
that is extirpated takes with it a unique and irreplaceable component of the species' genetic
diversity. The loss is not merely local; it permanently diminishes the adaptive capacity of
the species as a whole.

These findings require a response from every category of conservation stakeholder.
Protected area managers must implement catchment-scale management plans that address
upstream pressures, not merely conditions within the designated boundary. Land-use
planning authorities must assess development and forestry proposals within occupied
catchments for their potential impacts on the species, using the spatial data of Acs et al.
(2025) as the reference framework. Water management agencies must ensure that minimum
ecological flows are maintained at occupied sites. Conservation NGOs and research
institutions must document and report violations of the species' legal protections under
Government Emergency Ordinance No. 7/2025 (Parvulescu ef al., 2026). The spatial
analysis does not identify a problem to be noted: it identifies a set of failures that each of
these actors has the mandate and the means to address.

3.2.3. Conservation Planning Priorities

The threat assessment and spatial coverage analyses reviewed in this chapter converge on
a single overarching conclusion: the current conservation framework for A. bihariensis
does not match the ecological reality of the species' situation, and the mismatch is
documented, quantified, and spatially explicit. Improving conservation outcomes requires
a coordinated, multi-instrument response in which spatial protection, catchment-scale
management, and systematic monitoring are implemented simultaneously and by multiple
actors, not sequentially, and not by any single institution acting alone.

The spatial data generated by Acs er al. (2025), habitat suitability models,
confirmed occurrence records, and threat distribution maps, provide the quantitative basis
for the three priority actions that the evidence demands. First, protected area boundaries
must be extended to encompass the critical unprotected headwater reaches identified by the
modelling outputs, with Natura 2000 site adjustments justified by the documented
correspondence between modelled habitat suitability and confirmed species presence.
Second, management plans for existing protected areas must be revised to address
catchment-scale processes, upstream land use, riparian buffer integrity, and hydrological
regime, as primary management targets, not secondary considerations. Third, the
integration of species-specific conservation requirements into river basin management
plans under the Water Framework Directive must be completed, ensuring that hydrological
and land-use decisions within all occupied catchments are subject to formal impact
assessment (European Parliament, 2000; Sweeney & Newbold, 2014; Reid ef al., 2019).
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No single one of these actions is sufficient in isolation. A species with 62.1% of its
suitable habitat outside protected areas, with documented threats persisting inside those
areas, with a total population distributed across genetically isolated subpopulations of
which some have effective sizes as low as 3.1 individuals, and with an Endangered IUCN
classification reflecting the simultaneous fulfilment of multiple extinction risk criteria (Ion
et al., 2024), such a species requires a response proportionate to its documented situation.
The evidence assembled by Ion ez al. (2024), Bonassin et al. (2024), and Acs et al. (2025)
has produced exactly that documentation. What it now requires from the conservation
community, researchers, managers, planners, and regulators alike, is a response that
matches the scale and urgency of what the data show.

3.3. Managing the Optimal River Network
3.3.1. Why Conventional Site Protection Is Insufficient

River networks are hierarchical, dendritic systems in which ecological processes, species
dispersal, and disturbance propagation are governed by hydrological connectivity rather
than by administrative or political boundaries (Fagan, 2002; Tonkin et al., 2018). This has
a direct and non-negotiable consequence for how conservation planning must be designed:
the designation of isolated stream segments as protected areas, without regard to their
position within the broader network or to the processes operating throughout their upstream
catchments, does not constitute effective protection for species with limited dispersal
capacity (Campbell Grant et al., 2007; Linke et al., 2011). When a subpopulation is lost
from an isolated protected segment, recolonization from elsewhere in the network is
constrained by the dendritic architecture itself, there is no surrounding matrix from which
individuals can arrive, as there would be in a terrestrial landscape. The loss is therefore
permanent (Fagan, 2002; Heino et al., 2015).

For A. bihariensis, this is not a theoretical concern. The genetic data of Bonassin ef
al. (2024) document effective population sizes as low as 3.1 individuals at some sites and
pairwise FST values reaching 0.29 between populations in adjacent river basins, confirming
that hydrological boundaries already function as near-absolute dispersal barriers. The
monitoring data of lon et al. (2024) document complete local extinctions at multiple sites
during a single decade of observation, with no evidence of natural recolonization at any
extinction locality. These findings establish that the species is not merely sensitive to
habitat degradation in the abstract: it is actively losing subpopulations at a rate that the
existing protection framework has demonstrably failed to prevent.

It is against this documented reality that the optimal river network (ORN) concept
used by Acs et al. (2025) must be understood. The ORN is not a refinement of conventional
site-based conservation planning, it is a response to the demonstrated failure of that
approach for a species whose persistence depends on the maintenance of functionally
connected headwater systems across an entire catchment landscape. The scientific and
policy case for adopting the ORN framework as the basis for conservation decision-making
for A. bihariensis rests on this evidence, and on the consequences of continuing to rely on
a protection model that has already proven inadequate.

3.3.2. Construction of the Optimal River Network
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Acs et al. (2025) used the ORN through a GIS-based analytical framework that integrated
three categories of spatial data: habitat suitability, demographic status, and threat intensity.
Habitat suitability across the river network was modelled using confirmed occurrence
records, relative abundance data, and presence—absence observations, combined with
environmental predictors including altitude, stream order, channel slope, substrate
characteristics, riparian vegetation integrity, water quality indicators, and hydrological
regime variables. This predictor set is consistent with those identified as most informative
for the distribution of freshwater invertebrates in mountain headwater systems (Domisch
et al., 2015), and produced a spatially explicit suitability model identifying both currently
occupied and potentially suitable but currently unoccupied stream segments.

Threat intensity data were incorporated by characterizing each monitored stream
sector with cumulative pressure values derived from the impact scoring framework
described in Section 3.1.1, reflecting hydromorphological alterations, forestry-related
disturbance, anthropogenic land-use impacts, and hydrological instability. Connectivity
metrics, including longitudinal continuity, catchment hierarchical position, and inter-
subpopulation distance, were additionally calculated to ensure that the spatial prioritization
reflected dispersal potential as well as local habitat quality (Hermoso ef al., 2016).

As presented in Figure 5, three conservation scenarios of increasing analytical complexity
were evaluated by Acs et al. (2025). The first scenario identified optimal habitat segments
based on environmental suitability alone, using confirmed occurrence records, relative
abundance data, and presence—absence observations combined with environmental
predictors to produce a spatially explicit suitability model across the river network. The
second scenario integrated demographic status alongside habitat suitability, incorporating
subpopulation-level data to identify stream segments supporting confirmed populations and
to estimate current population size within the optimal network. The third, fully integrated
scenario combined habitat suitability, demographic status, and cumulative threat intensity,
down-weighting or excluding segments subject to the highest-scoring pressures and thereby
identifying the river network most likely to sustain viable populations under current and
projected anthropogenic conditions. This scenario hierarchy is consistent with the
established logic of systematic conservation planning, in which the successive inclusion of
biological and threat criteria progressively narrows the gap between identified priority areas
and areas that will actually sustain viable populations over time (Moilanen et al., 2009;
Hermoso et al., 2016).
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3.3.3. What the Optimal River Network Reveals

The results of the scenario analysis deliver findings that are directly and urgently relevant
to conservation bodies. The habitat-only scenario, the approach most closely analogous to
conventional protected area designation based on ecological quality, consistently identified
stream segments that were either isolated from occupied subpopulations, exposed to high
cumulative threats, or both. Protecting these segments without addressing their connectivity
deficit or threat exposure would not prevent continued population decline; it would create
the appearance of conservation action while the actual population network continued to
erode. This is precisely the pattern that the current protection framework, with 62.1% of
suitable habitat outside designated protected areas and documented threats persisting within
them, already exemplifies (Acs e al., 2025).

The integrated scenario, by contrast, identified a reduced subset of the river network
that retained a substantial proportion of suitable habitat and viable subpopulations while
simultaneously maximizing connectivity and minimizing threat exposure. Critically, this
integrated network achieved greater projected population resilience with a smaller total
length of protected stream than the habitat-only scenario, demonstrating that strategic,
connectivity-informed prioritization is not only ecologically superior but also more
efficient in its use of limited conservation resources (Branco et al., 2014; Hermoso et al.,
2016). This finding provides conservation bodies with a direct and evidence-based answer
to the question of where protection and management investment will generate the greatest
return.

A finding of particular significance for planning authorities is that a substantial
proportion of the stream segments identified as optimal under the integrated scenario lie
outside currently designated protected areas. This means that the existing protected area
network does not encompass the conservation network that the scientific evidence identifies
as necessary for the persistence of the species. The optimal network is concentrated in upper
catchment clusters characterized by intact riparian vegetation, stable hydrological
conditions, and low cumulative threat levels, habitat attributes that are inherently
vulnerable to land-use change and that fall outside the scope of existing area designations
(Abell et al., 2017; Acs et al., 2025). The spatial gap between the current protection
framework and the scientifically defined conservation network is therefore not an incidental
shortfall: it is the central conservation problem that must be resolved.

3.3.4. Using the Optimal River Network: A Framework for Action

The ORN framework provides conservation and planning bodies with a spatially explicit,
evidence-based tool for structuring conservation action. The following five steps translate
the scientific outputs of Acs et al. (2025) into an operational sequence applicable to
protected area management, land-use planning, and regulatory decision-making.

Step 1: Designate ORN segments as the primary targets for protection. The integrated
ORN scenario provides a ranked spatial output identifying stream segments by their
contribution to network-level conservation value. Segments scoring highest, those
combining high habitat suitability, confirmed occupancy, low cumulative threat, and strong
connectivity, define the minimum conservation network for 4. bihariensis and constitute
the primary targets for formal protection under Romanian and EU conservation law. The
spatial data used by Acs ef al. (2025) are directly usable as the scientific justification for
boundary adjustments to existing Natura 2000 sites and for the delineation of species
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protection zones under Government Emergency Ordinance No. 7/2025 (Parvulescu et al.,
2026). Segments currently outside designated areas that rank within the optimal network
should be submitted for formal protection without delay: every year of unprotected status
is a year during which the land-use and management decisions that threaten those segments
operate without regulatory constraint.

Step 2: Reduce threats at high-value, high-risk segments. Within the ORN, segments
combining high habitat suitability and connectivity with elevated cumulative threat scores
represent the most urgent management priority: they are conservation assets at immediate
risk. For each such segment, the threat profile established by the impact scoring framework
of Acs et al. (2025) specifies the pressures that must be addressed. Regulatory instruments
available to conservation authorities include mandatory retention of forested riparian
buffers of at least 30 m width (Sweeney & Newbold, 2014), restrictions on clear-cutting
and infrastructure development within occupied catchments, minimum ecological flow
requirements integrated into water abstraction permits under the Water Framework
Directive (European Parliament, 2000; Do6ll & Schmied, 2012), and enforcement of
biosecurity obligations for all activities within occupied stream sections (WOAH, 2009).
Reducing threats at high-value ORN segments directly expands the functional area of the
conservation network without requiring new area designations, a critically important
consideration given the time and institutional investment that formal designation
procedures require.

Step 3: Protect and restore connectivity corridors. The dendritic structure of the river
network means that connectivity between subpopulation clusters is mediated by a limited
number of stream junctions and corridor sections. The loss or degradation of a single
corridor segment can sever the functional connection between multiple upper catchment
subpopulations. Conservation authorities must identify these bottleneck sections from the
connectivity metrics generated by Acs et al. (2025) and ensure that they are maintained free
from hydrological barriers, channelization, riparian clearance, and any other modification
that reduces longitudinal continuity. Where connectivity has already been compromised,
targeted restoration of these corridor sections, including removal of small in-channel
barriers and replanting of riparian vegetation, offers the potential to reconnect isolated
subpopulations and partially restore gene flow, thereby partially mitigating the genetic
isolation documented by Bonassin et al. (2024). Investment in connectivity restoration at
bottleneck sections delivers conservation returns that extend across the entire upstream
subpopulation network, generating disproportionate benefit relative to the spatial scale of
the intervention (Branco et al., 2014).

Step 4: Integrate the ORN into statutory planning instruments. The ORN spatial
outputs must be formally incorporated into the planning and management documents that
govern land use, water management, and nature conservation within the Apuseni
Mountains. Specifically, river basin management plans prepared under the Water
Framework Directive must designate occupied catchments as sensitive zones subject to
enhanced regulatory oversight, with the ORN segment maps providing the spatial basis for
these designations (European Parliament, 2000). Environmental impact assessment
procedures for any development project, forestry operations, infrastructure construction,
water abstraction, or land-use change, within or upstream of ORN segments must require
explicit evaluation of potential impacts on A. bihariensis populations and habitat
connectivity. The legal protection established by Government Emergency Ordinance No.
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7/2025 (Parvulescu et al., 2026) provides the statutory basis for such requirements; the
ORN provides the spatial framework within which they must be applied.

Step S: Use the ORN as the baseline for long-term monitoring. Because the ORN
defines the minimum network of stream segments required for the long-term persistence of
A. bihariensis, it simultaneously defines the set of sites where monitoring effort is most
consequential. Long-term CPUE demographic surveys, eDNA-based surveillance for both
the target species and invasive crayfish carriers of Aphanomyces astaci, and repeated
impact score assessments must be concentrated at ORN segments, with highest priority
assigned to connectivity corridor sections and to high-suitability segments currently outside
protected area boundaries. Deterioration in population status or escalation of threat
intensity at any ORN segment provides the earliest available signal of network-level
conservation failure and must trigger immediate management review. Conversely,
measurable improvement in population abundance or threat reduction at previously
degraded ORN segments provides the primary evidence base for evaluating the
effectiveness of the management actions implemented under Steps 1 through 4.

The ORN framework of Acs et al. (2025) provides conservation authorities with
both the scientific justification and the operational tools for an urgent, coordinated response
to the conservation crisis of A. bihariensis. The evidence reviewed throughout this chapter,
an Endangered IUCN status, documented ongoing extirpations, 62.1% of suitable habitat
outside formal protection, genetically isolated subpopulations with effective sizes as low
as 3.1 individuals, and threats persisting within existing protected areas, establishes that the
status quo is not a stable management baseline. It is a trajectory of continued decline. The
ORN defines where intervention must occur, what form it must take, and in what sequence
it must be implemented. The scientific case for action is complete. What the evidence now
requires is its translation into enforceable management and planning decisions by the
authorities with the mandate and the means to implement them.
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4. Formal Legal Protection and Its Conservation Effects

The scientific case for the conservation of A. bihariensis, documented across population
ecology, population genomics, threat assessment, and spatial planning, produces
conservation outcomes only insofar as it is translated into enforceable legal obligations.
Scientific knowledge, however complete, does not by itself constrain land use, regulate
forestry, protect riparian buffers, or prevent the introduction of invasive species into
occupied streams. Legal protection does. The formal inclusion of A. bihariensis in
Romanian national legislation through Government Emergency Ordinance No. 7/2025
(Parvulescu et al., 2026), which lists the species in Annexes 3 and 5A, amending the earlier
RGEO No. 57/2007, therefore represents not merely an administrative milestone but a
transformation in the operational status of all the evidence reviewed in this work. This
chapter examines what that transformation produces: what effects formal legal recognition
has on the species, its populations, its habitat, and the broader conservation system within
which it exists.

4.1. The Problem That Legal Recognition Addresses: The Taxonomic Anxiety Gap
4.1.1. Legal Invisibility as a Conservation Threat

Legal protection for species in most jurisdictions is tied to the Latin binomial formally
recognized in legislative instruments. When taxonomic advances split a previously
protected species into multiple distinct taxa, only the name that appears in the legislative
text retains unambiguous legal standing, the newly described taxa enter a period of legal
invisibility during which the scientific evidence of their distinctiveness and vulnerability
has no binding regulatory effect (Mace, 2004; Morrison et al., 2009; Simkins et al., 2020).
This gap between scientific recognition and legal recognition is not a procedural
technicality: it is a period during which the populations of the newly described species are
exposed to management changes that would be legally constrained if the species were
formally listed. For species with restricted ranges, small effective population sizes, and low
dispersal capacity, precisely the biological profile of A. bihariensis, any period of legal
invisibility is a period of unmitigated exposure to the threats that the scientific record has
already demonstrated to be driving population loss.

Parvulescu ef al. (2026 in press) term this the problem of taxonomic anxiety: the dilemma
faced by taxonomists and conservation practitioners when scientific progress, the formal
description of a new species, paradoxically reduces rather than enhances the legal
protection available to that species' populations. The case of A. bihariensis is an acute
illustration of this dilemma. Following its formal description in 2019 (Parvulescu, 2019),
all populations in the Apuseni Mountains were recognized as belonging to the new species
rather than to Austropotamobius torrentium, the EU Habitats Directive priority species
under whose protection those populations had previously fallen. The result was a legislative
void: populations scientifically established as belonging to an Endangered endemic species
were administratively stranded in a framework that no longer accurately described them.
The interim workaround, retaining the old name in monitoring protocols with explanatory
footnotes, underscored the inadequacy of the existing regulatory response and the urgency
of formal legislative action (Parvulescu et al., 2026).
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4.1.2. The Evidence Base That Made Legal Recognition Possible

The formal legal recognition achieved through RGEO No. 7/2025 was not the automatic
consequence of the species' description. It was the product of a sustained programme of
scientific investigation that built the evidentiary foundation without which no regulatory
body could have justified the legislative step. The studies reviewed throughout this thesis,
Ton et al. (2024), Bonassin et al. (2024), and Acs et al. (2025), collectively established
evidence that is directly relevant to legislative listing decisions.

Parvulescu et al. (2026) demonstrate that this accumulation of evidence, taxonomic,
demographic, genomic, and threat-analytical, was the prerequisite for legislative action, not
its consequence. The pathway from species description to formal legal listing required that
each category of scientific uncertainty be resolved, each conservation criterion be
documented, and each regulatory threshold be explicitly demonstrated. This has a critical
implication for conservation science more broadly: the scientific programme undertaken
for A. bihariensis between 2019 and 2025 is not merely a contribution to knowledge, it is
a transferable model for the evidence-building process that enables legal protection of
newly described endemic taxa globally.

4.2. What Formal Legal Protection Produces
4.2.1. Regulatory Constraint on Threat Drivers

The most direct and consequential effect of formal legal recognition is the activation of
regulatory instruments that constrain the threat drivers identified by Acs ef al. (2025) as the
proximate causes of population decline. Before listing under RGEO No. 7/2025, activities
within occupied catchments, forestry operations, infrastructure development, water
abstraction, and riverbed modification, were subject to general environmental regulation
but not to species-specific constraints derived from the conservation status of A4.
bihariensis. Legal listing changes this. It requires that environmental impact assessments
for projects within or upstream of occupied habitat explicitly evaluate potential impacts on
the listed species, that mitigation measures be applied where adverse impacts are
anticipated, and that regulatory approval be denied where impacts are assessed as
incompatible with the species' conservation status.

For the threat categories documented by Acs et al. (2025), hydromorphological
alterations, forestry-related impacts, anthropogenic land-use changes, and hydrological
stress, legal listing therefore creates a species-specific regulatory layer that did not
previously exist. Forestry operations within riparian zones adjacent to occupied streams
must now be assessed against the species' requirements for riparian integrity and
hydrological stability. Hydrological modifications, including water abstraction and
drainage infrastructure, must now be evaluated for their effects on discharge regimes at
occupied sites. Development projects adjacent to occupied catchments must now
demonstrate that they will not compromise habitat connectivity or water quality. The legal
status of the species converts the threat assessment of Acs ef al. (2025) from a scientific
description of what is happening to a legally binding account of what must be prevented.

Critically, this regulatory effect extends beyond the boundaries of designated
protected areas. As established in Section 3.2.2, threats to 4. bihariensis populations within
protected areas frequently originate from land-use and management decisions made outside
those boundaries, particularly in upstream catchment areas that fall outside any formal
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designation. Legal listing applies to the species and its habitat across its entire range, not
only within designated sites. This means that the 62.1% of suitable habitat currently outside
protected area boundaries (Acs et al., 2025) is no longer unregulated from the perspective
of species-specific conservation law: any activity within or upstream of those undesignated
segments that affects the species must now be assessed against its legal conservation
requirements. The spatial scope of conservation regulation for A. bihariensis has been
fundamentally expanded.

4.2.2. Activation of Monitoring and Reporting Obligations

Legal listing under national conservation legislation imposes formal monitoring and
reporting obligations that did not previously apply to A. bihariensis as a distinct taxon.
Under Romanian law aligned with the EU Habitats Directive framework, listed species are
subject to periodic conservation status assessments that must be reported through the
Article 17 reporting mechanism. This creates a mandatory, institutionalized monitoring
cycle with defined reporting intervals, standardized assessment criteria, and the
requirement to demonstrate, not merely to assert, that conservation measures are
maintaining or improving the species' status.

The effect of this obligation is transformative for long-term conservation. Without
it, monitoring of the species depended entirely on the availability of research funding, the
continuity of academic research programmes, and the initiatives of individual scientists, all
of which are inherently contingent and episodic. With it, monitoring becomes a legal
requirement for which national environmental agencies are institutionally accountable. The
long-term population monitoring programme of lon et al. (2024), the habitat suitability
modelling of Acs et al. (2025), and the genomic baseline established by Bonassin et al.
(2024) collectively define the methodological and data standard against which future
monitoring assessments will be evaluated. Legal listing, therefore, does not merely protect
the species from current threats: it creates the institutional mechanism through which the
effectiveness of that protection will be verified over time.

The reporting obligation also produces an effect beyond the species itself. Article
17 assessments are publicly available documents that enter the EU-level database of
conservation status information, contributing to the evidence base used by the European
Commission to evaluate the overall effectiveness of the Habitats Directive network. The
conservation data generated for 4. bihariensis, population size, habitat extent, threat
profile, and protection coverage, will therefore contribute to the wider European assessment
of freshwater biodiversity conservation, increasing the species' visibility within policy
processes that extend far beyond the national regulatory context in which it was listed
(Parvulescu et al., 2026).

4.2.3. Access to Conservation Funding and Institutional Resources

Legal protection has a well-documented effect on the availability of conservation resources
for listed species. Species with formal legal status, particularly those included in national
Red Lists or in annexes of major conservation legislation, attract disproportionately greater
funding, institutional attention, and conservation effort than unlisted species of equivalent
ecological vulnerability (Farrier et al., 2007; Possingham et al., 2002). This effect operates
through multiple pathways: listed species qualify for dedicated conservation funding
streams, including LIFE programme Campbell Grants under the EU framework. They are
prioritized in the allocation of protected area management resources, attract NGO
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engagement and public interest that generates additional support, and their conservation
requirements must be formally addressed in environmental impact assessment procedures
that would otherwise not reference them.

For A. bihariensis, the transition from scientific description to legally protected
status therefore opens access to funding mechanisms and institutional partnerships that
were previously unavailable. Conservation action plans, ex situ breeding programmes,
habitat restoration initiatives, and biosecurity monitoring networks, all of which are
identified as necessary components of a comprehensive conservation response by the
evidence reviewed in Chapter 2, are substantially more tractable as funded, institutionally
supported programmes than as unfunded research initiatives. Legal listing does not
guarantee that these resources will be mobilized, but it creates the eligibility conditions
without which mobilization is not possible.

4.2.4. Institutional Coordination Across Governance Scales

One of the most consequential but least immediately visible effects of formal legal
recognition is the obligation it creates for coordination between institutions that would not
otherwise be compelled to communicate about the species' conservation needs. Before
listing, the conservation of 4. bihariensis was a matter primarily for researchers and, within
their operational mandates, protected area managers. Formal listing changes the
institutional landscape: it creates obligations for national environmental agencies, county-
level administrative bodies, water management authorities, forestry regulatory agencies,
and local governments within occupied catchments, all of whom must now consider the
species' legal status in the exercise of their respective functions.

Parvulescu ef al. (2026 in press) identify the coordination between these
institutional actors as both the primary challenge and the primary opportunity created by
formal legal recognition. The challenge is that effective species protection requires
coherent action across multiple governance scales simultaneously, national legislation,
Natura 2000 management planning, river basin management under the Water Framework
Directive, county-level land-use planning, and that these instruments are administered by
different agencies with different mandates, different reporting lines, and different
operational timescales. The opportunity is that legal listing provides the common statutory
reference point around which this coordination can be structured: each agency's obligation
with respect to the species is legally defined, and the species' conservation requirements
provide the technical basis for inter-agency agreement on management priorities.

The assemblage reporting mechanism through which A. bihariensis achieves EU-
level visibility, marked with an asterisk alongside 4. forrentium in conservation reporting
frameworks, further extends this coordination to the European level, creating a formal link
between the national conservation programme and the EU-level biodiversity governance
processes (Parvulescu et al., 2026; Belitz et al., 2025). This linkage matters because it
ensures that the conservation status of the species is visible to, and potentially actionable
by, European-level instruments and funding programmes that national-only listing would
not access.

4.2.5. Effects on Population Viability and Genetic Integrity

The population-level effects of formal legal protection are not immediate: they operate
through the regulatory, monitoring, and funding mechanisms described above, and their
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magnitude depends on the effectiveness with which those mechanisms are implemented.
Nevertheless, the causal chain connecting legal status to population outcomes can be
specified explicitly, and the failure to implement the measures that legal protection enables
can be evaluated against the documented baseline established by the scientific programme
reviewed in this work.

The most urgent population-level effect that legal protection must deliver is the
stabilization of the subpopulations currently experiencing active decline (Ion et al., 2024).
Each extinction permanently removes from the total population of 31,150 individuals a
subpopulation that cannot be recovered through dispersal. Legal protection, by constraining
the threat drivers responsible for these extinctions and by creating the institutional
obligation to monitor and respond to further declines, is the minimum condition for halting
this trajectory. It is not a sufficient condition, the management measures described in
Chapter 2 must also be implemented, but it is a necessary precondition without which those
measures have no regulatory foundation.

At the genetic level, formal legal protection, particularly if it enables the ex situ
conservation programme and facilitates gene flow management identified as necessary in
Section 2.3, is the instrument through which the genetic erosion documented by Bonassin
et al. (2024) can be arrested. Legal protection creates both the mandate and, through access
to conservation funding, the resources to establish ex sifu holdings using the 4,875 SNP
panel as a genomic reference, to implement facilitated gene flow, based only on extensive
scientific analysis, between isolated subpopulations where demographic and genetic
modelling indicates it would be beneficial (Frankham, 2015), and to maintain the genomic
monitoring programme without which the effectiveness of these interventions cannot be
evaluated (Willi et al., 2022). Without formal legal status, none of these interventions has
an institutional basis: they remain scientifically justified but operationally impossible.

4.3. Challenges That Legal Recognition Must Overcome
4.3.1. The Gap Between Legal Status and Functional Protection

Formal legal recognition is a necessary but not sufficient condition for effective
conservation. As established in Section 3.2.2, legal designation does not automatically
translate into functional ecological protection: threats documented inside existing protected
areas demonstrate that the boundary between legal status and management reality is not
bridged by listing alone. For 4. bihariensis, the risk of a similar gap opening between the
legal protection established by RGEO No. 7/2025 and its effects on the ground is real and
must be explicitly acknowledged.

The gap between designation and implementation is a documented and widespread
failure mode in species conservation law. Hocherman et al. (2025) identify time lags in
environmental governance, the period between a regulatory decision and its operational
implementation, as one of the primary determinants of conservation outcomes for listed
species, with lags of years to decades common between formal listing and the
implementation of management measures. For 4. bihariensis, the population cannot sustain
prolonged implementation lags: the extinction events documented by Ion et al. (2024) are
occurring on the timescale of years, not decades, and the genetic erosion documented by
Bonassin ef al. (2024) at already-isolated subpopulations is an ongoing process that is not
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suspended by the passage of a legislative instrument. Legal protection must therefore be
accompanied by an immediate and specific programme of management actions, precisely
the programme outlined in Chapters 2 and 4 of this work, rather than treated as an endpoint
in itself.

4.3.2. The Challenge of Taxonomic Continuity for Related Taxa

The legal recognition of 4. bihariensis resolves the taxonomic anxiety problem for this
species, but it does not resolve it for the broader Austropotamobius complex. Parvulescu et
al. (2026 in press) note that several additional deeply divergent lineages with characteristics
of divergence equivalent to those of A. bihariensis exist endemically in the northern
Dinarides region, and that scientific evidence indicates they warrant species-level
recognition, yet formal descriptions remain pending. These lineages currently persist under
the legal protection afforded to A. torrentium as an EU Habitats Directive priority species,
but their conservation status, population sizes, threat profiles, and management
requirements are unknown precisely because they have not been formally described and
have therefore not been the subject of the kind of targeted scientific programme undertaken
for A. bihariensis.

The pathway demonstrated by the A. bihariensis case, from species description
through evidence-building to formal legal recognition, is replicable, but only if the
scientific community and conservation institutions are prepared to undertake it proactively
for other cryptic endemic taxa before they experience the population losses and genetic
erosion that make recovery exponentially more difficult (Parvulescu et al., 2026; Morrison
et al., 2009). The formal legal protection of A. bihariensis therefore carries an implicit
obligation: to apply the model it demonstrates to the other species for which the same
combination of taxonomic clarity, conservation urgency, and regulatory gap currently
exists.

4.3.3. The Need for Adaptive Legal Mechanisms

A further challenge identified by Parvulescu ef al. (2026 in press) is structural: the
legislative instruments through which species are listed are not designed with taxonomic
fluidity in mind. The EU Habitats Directive, for example, offers limited flexibility for
revising annexes outside exceptional circumstances, and the minimum geographic range
requirements embedded in its listing criteria, typically requiring occurrence in three or more
EU member states, automatically exclude range-restricted endemic species like A.
bihariensis from direct EU-level listing. The solution adopted for this species, assemblage
reporting, in which it is marked alongside A. torremtium in conservation reporting
frameworks, is an effective workaround, but it is precisely that: a workaround that depends
on the association between the new species and a formally listed relative, and that would
not be available for newly described taxa without such associations.

Parvulescu et al. (2026 in press) propose that this structural limitation be addressed
through the incorporation of adaptive clauses in biodiversity legislation, provisions that
would extend the legal protection of listed species to any newly described taxon
demonstrated to originate from populations of the listed species, without requiring the full
legislative revision cycle. Such a provision would transform the current system, in which
legal protection is an endpoint that newly described species must work toward, into one in
which legal protection is the starting point from which conservation management begins
immediately upon formal taxonomic recognition. This reform is directly relevant to the
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conservation of the Austropotamobius complex and to the broader challenge of maintaining
legal protection for cryptic endemic biodiversity in a period of accelerating taxonomic
discovery (Simkins et al., 2020; Parvulescu et al., 2026).

4.4. Legal Protection as a System-Level Conservation Instrument

The effects of formal legal protection, reviewed in this chapter, regulatory constraints on
threat drivers, mandatory monitoring and reporting, access to funding and institutional
resources, multi-scale governance coordination, and population-level stabilization do not
operate independently. They form an interconnected system in which each effect reinforces
and enables the others. Regulatory constraints on land use create the conditions under
which monitoring can detect population recovery rather than only decline. Monitoring data
feed back into the Article 17 reporting process, which generates the evidence base for future
legislative revisions and funding applications. Institutional coordination between agencies
produces management plans that operationalize the regulatory constraints. Funding access
makes the monitoring and management programmes sustainable over the multi-decadal
timescale that population recovery for a species with the life-history characteristics of A.
bihariensis requires.

Taken together, these effects establish that formal legal protection is not the
conclusion of the conservation programme for A. bihariensis: it is the instrument through
which the scientific evidence assembled across this thesis acquires operational force. The
population status documented by lon et al. (2024) provides the basis for the listing decision.
The genomic data of Bonassin et al. (2024) inform the genetic management programme
that is enabled by listing. The threat assessment and spatial planning framework of Acs et
al. (2025) defines the management priorities that listing makes mandatory. And the legal
and policy roadmap of Parvulescu et al. (2026) identifies the institutional pathway through
which listing translates into coordinated, multi-actor, multi-scale conservation action.

What legal protection cannot do, and what the evidence of this report makes
explicit, is substitute for the implementation of the management measures it enables. The
inclusion of A. bihariensis in RGEO No. 7/2025 establishes the legal foundation. The
expansion of the protected area network to encompass the 62.1% of suitable habitat
currently unprotected, the implementation of catchment-scale threat reduction at priority
ORN segments, the establishment of ex sifu conservation holdings, and the coordination of
transboundary monitoring across the full range of the species, these are the management
actions that legal protection requires and enables, but that only become real through their
implementation by the full range of conservation stakeholders who now, for the first time,
have a legally binding reason to act.

Reconciling A. bihariensis Conservation with Other Protected Species

Although the conservation measures proposed in this report are centered on 4. bihariensis,
their implementation must be embedded within the broader conservation objectives of each
protected area. In most cases, protected areas within the species’ range are not designated
for a single species, but for assemblages of species and habitats with potentially different
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ecological requirements. Consequently, management for A. bihariensis should not be
applied as a uniform, single-species prescription across entire sites. Instead, it should be
integrated into a structured decision-making framework that identifies all protected species
and habitats present, evaluates the potential positive and negative effects of each proposed
intervention, and applies measures spatially according to the ecological requirements and
vulnerability of each conservation target.

Where management objectives conflict, the response should be based on transparent
prioritization rather than implicit preference for one species (Redpath et al., 2013). Priority
should be assigned by considering extinction risk, population size, degree of range
restriction, dispersal capacity, ecological irreplaceability, reversibility of impact, and the
spatial precision with which management can be applied. Under this framework, occupied
headwater reaches supporting A4. bihariensis should receive strict protection where
intervention is necessary to maintain cold water, bank stability, low sediment input,
hydrological continuity, and submerged refuge availability, because local extirpations are
unlikely to be naturally reversed. However, measures designed to improve crayfish habitat
should be limited to the stream sectors where they are ecologically necessary and should
not automatically override the requirements of other protected species or habitats elsewhere
within the same protected area.

The practical solution is therefore not to choose between A. bihariensis and other
protected species, but to manage the protected area as a habitat mosaic. Core crayfish
conservation reaches should be defined using confirmed occurrence data, habitat
suitability, population status, and threat intensity. Adjacent or ecologically distinct sectors
should then be managed according to the requirements of the other protected species and
habitats present, provided that such measures do not degrade water quality, hydrological
stability, or connectivity in occupied crayfish reaches. Where residual conflicts remain,
decisions should be justified explicitly through multi-criteria assessment and treated as
adaptive management decisions, with monitoring indicators selected for both 4. bihariensis
and the potentially affected protected features. This approach makes conservation trade-
offs visible, evidence-based, spatially bounded, and reversible where monitoring shows
unintended negative effects.
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