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1. Introduction

1.1 Overview

Despite covering only a small portion of the Earth’s surface, freshwater ecosystems play a
disproportionately large role in supporting global biodiversity (Dudgeon et al., 2006; Balian et
al., 2008). These ecosystems are currently among the most threatened worldwide, experiencing
biodiversity declines at rates faster than those observed in terrestrial or marine habitats (Tickner
et al., 2020; WWF, 2020). Key threats include habitat modification, pollution, overextraction
of water, invasive species, and climate change, all of which contribute to the degradation and
fragmentation of freshwater habitats (Reid et al., 2019). In this context, freshwater
invertebrates—particularly decapod crustaceans such as crayfish—are recognized both as
keystone species and as highly vulnerable taxa Kouba et al., 2014; Richman et al., 2015).

Crayfish are essential components of freshwater ecosystems, where they function as
ecosystem engineers and influence nutrient cycling, sediment structure, and food web
dynamics (Momot, 1995). Europe hosts a relatively low diversity of native crayfish species,
many of which are experiencing rapid declines due to anthropogenic pressures and the
introduction of non-native species (Holdich et al., 2009). In Central and Eastern Europe,
including Romania, native crayfish populations have seen range contractions, yet data on their
current distribution, habitat preferences, and threats remain fragmented or outdated (Parvulescu
et al., 2012; Schrimpf et al., 2013).

Despite growing conservation interest, several gaps persist in our understanding of
crayfish ecology in Romania. These include insufficient data on population status across
various freshwater systems, limited knowledge of the impact of specific local threats (e.g.,
agricultural runoff, water abstraction), and the unclear dynamics between native and invasive
crayfish species (Souty-Grosset et al., 2006; Kouba et al., 2014). Moreover, there is a lack of
integrated studies that combine field surveys with environmental assessments to inform
conservation planning.

This report aims to critically evaluate the current methods used for monitoring
Austropotamobius bihariensis populations and encompassing conservation approaches
relevant to the management of 4. bihariensis. By reviewing and analyzing available techniques
and strategies, this research seeks to identify best practices, highlight methodological gaps, and
propose improvements to enhance the effectiveness of conservation efforts. The findings will
contribute to the development of more standardized, evidence-based approaches for monitoring
and managing crayfish populations at both national and broader regional levels.

In addition to synthesizing relevant scientific literature on monitoring techniques and
conservation strategies for A. bihariensis, this report incorporates original fieldwork conducted
to assess the current status of the species in selected freshwater systems. The methodological
approaches presented thus include both a critical review of previously applied techniques. By



combining bibliographic evidence with empirical observations, the report aims to evaluate the
effectiveness of various research and conservation methods and to identify context-specific
recommendations for improving the management of native crayfish populations.

To provide greater clarity regarding the structure of this report, it is important to
emphasize that the subsequent chapters present not only a review of existing research
methodologies but also incorporate original research conducted through the application of these
methods. Methods such as hand capture, CPUE assessment, Capture-Mark-Recapture (CMR),
habitat analysis, and molecular sampling were systematically applied across several key sites
inhabited by Austropotamobius bihariensis. This integrative approach allows for both a critical
evaluation of methodological efficiency and an evidence-based perspective on the applicability
of conservation strategies. The findings presented here thus reflect a combination of
bibliographic synthesis and empirical fieldwork, to identify best practices and propose targeted
improvements for the conservation of A. bihariensis in Romania.

1.2 About the targeted species — Austropotamobius. bihariensis

Extensive field studies and scientific analyses focused on crayfish populations in Romania's
Apuseni Mountains led to the identification of a new species, A. bihariensis. This species is
endemic to the region, meaning it is native to and exclusively found in this specific geographic
area (Parvulescu, 2019). Recent research underscores the importance of this discovery in the
context of biodiversity, as endemic species are often of high conservation concern due to their
limited distribution and specific habitat needs (Parvulescu and Zaharia, 2013). 4. bihariensis
is currently known to inhabit only five river basins in Romania: Barcau, Crisul Repede, Crisul
Negru, Crisul Alb, and Aries (Ion et al., 2024).

The species diverged from its closest relatives around 15 million years ago (Parvulescu
et al., 2019), during a time of significant tectonic activity in the region—an event that likely
influenced its geographic isolation and evolutionary trajectory (Baldzs et al., 2016).
Researchers used both molecular and morphological techniques to distinguish 4. bihariensis
from related species, especially A. forrentium (Parvulescu, 2019). The species typically resides
in streams located at mid to high elevations, ranging from 250 to 800 meters (Parvulescu,
2019).



2. Methods applied for the research of Austropotamobius bihariensis

Crayfish research employs a diverse set of scientific approaches tailored to specific ecological
and conservation objectives, with accurate population assessment depending heavily on
effective sampling techniques. Semi-quantitative methods such as baited traps are commonly
used for monitoring population dynamics, size distribution, and sex ratios across various
habitats (Price and Welch, 2009). In addition, dynamic population models integrate biological
traits and environmental variability to predict growth patterns and inform control strategies for
invasive species (Martelloni et al., 2012). Molecular and genetic tools have become
indispensable for understanding crayfish biodiversity, evolution, and adaptability, especially in
the context of invasive species management, conservation planning, and disease detection.
Techniques like DNA barcoding and phylogenetic analyses have revealed cryptic species
diversity and clarified evolutionary relationships (Trontelj and Fiser, 2009), while studies of
mitochondrial and nuclear markers have exposed genetic bottlenecks in vulnerable populations
(Fetzner and Crandall, 2001). Such insights are vital for identifying population structure,
assessing genetic diversity, and evaluating the effects of habitat fragmentation. The rapid
expansion of invasive crayfish like Procambarus clarkii has also been linked to high genetic
variability and hybridization potential (Barbaresi et al., 2004), and molecular diagnostics play
a key role in detecting pathogens such as Aphanomyces astaci, the agent of crayfish plague
(Schrimpf et al., 2012). Furthermore, the Capture-Mark-Recapture (CMR) method is widely
applied to estimate population densities, track movement patterns, and evaluate survival,
offering essential data for the management of both native and non-native crayfish populations
(Rabeni et al., 1997; Bubb et al., 2004; Parvulescu et al., 2012). In complement to these
approaches, visual detection methods have also been demonstrated as effective, particularly in
karstic mountain streams where high water clarity enables rapid and non-invasive detection of
crayfish individuals (Bonk et al., 2019).

2.1 Presence-absence methods
2.1.1 Visual detection

Visual encounter surveys (VES) represent a non-invasive and cost-effective method for
monitoring crayfish populations, particularly in shallow or transparent water bodies where
direct observation is feasible. This technique involves systematically searching for individuals
along predefined transects, often during night hours when crayfish are more active and easier
to detect. However, the reliability of visual detection can be influenced by environmental
factors such as water turbidity, substrate complexity, and observer experience. Despite these
limitations, VES remains a practical approach for rapid assessments, particularly in preliminary
surveys or when resources for more intensive sampling methods are limited (Bonk et al., 2019).



In the context of 4. bihariensis research, visual encounter surveys (VES) are generally
considered unsuitable, as individuals typically inhabit small rivers and exhibit cryptic behavior,
often remaining concealed within the riverbed substrate or in galleries along the banks for
extended periods.

2.1.1 Hand capture (presence detection)

Hand capturing is widely used for collecting crayfish, particularly in shallow freshwater
habitats. This technique involves manually retrieving crayfish from under rocks, vegetation, or
within burrows. Its effectiveness can vary based on species behavior, habitat complexity, and
environmental conditions but also on the experience of the person doing the capture process.
A study evaluating monitoring methods for native A. torrentium in Germany found that
nocturnal hand captures yielded the highest relative abundances (Hilber et al., 2020).

In the case of Romania, 4. bihariensis seems to prefer somewhat larger rivers compared
to those typically inhabited by A. torrentium (Parvulescu, 2019). Hand capture was mainly used
as a method for the research of 4. bihariensis in rivers, during the summer period. The rationale
for using this method was to determine the population trends, sex ratios, or the Catch Per Unit
Effort (CPUE). Furthermore, the same technique was also used to sample the pereiopods for
future molecular evaluations and to determine the biological status of individuals of A.
bihariensis. Hand capture was mainly applied during the day, following the developed
protocol, which is attached to the present work. The method was used to detect the presence of
A. bihariensis. All the captured specimens were immediately released at the sampling site. The
capturing occurred predominantly between July — September (Figure 1). lon et al. (2024)
suggests that this timeframe is the most optimal to minimize disturbance to females carrying
offspring or individuals undergoing molting in spring or autumn, while also ensuring that water
temperatures are favorable for actively searching the riverbed by hand.



Figure 1. Hand searching for A. bihariensis in ROSACO0062 Natura 2000 site.

2.1.2 Environmental DNA analysis

Another key application is the use of environmental DNA (eDNA) to detect crayfish presence
in aquatic habitats without direct capture. This non-invasive method improves early detection
of invasive species and enhances biodiversity assessments (Larson et al., 2017.

In the case of A. bihariensis, eDNA was not employed to detect A. bihariensis directly,
but rather to assess the presence of invasive taxa, specifically Faxonius limosus, within habitats
known to be occupied by A. bihariensis (Figure 2). While eDNA holds promise for native
species monitoring, its application here was primarily geared toward identifying potential
ecological threats posed by invasive species. This targeted use reflects the method’s current
strengths, particularly in rapid, large-scale surveillance of alien crayfish and associated
pathogens such as Aphanomyces astaci, rather than as a standalone tool for native species
monitoring.



Figure 2. Environmental DNA analysis for the detection of the presence of the invasive Faxonius limosus —
ROSACO0062 Natura 2000 site

2.2. Semi-quantitative methods

2.2.1. Hand capture (Catch Per Unit Effort - CPUE)

This research method enables the determination of population trends through the application
of CPUE. Catch per unit effort (CPUE) serves as a standardized method for trapping,
commonly utilized in population monitoring studies (Zimmerman and Palo, 2011).

Regarding A. bihariensis, lon et al. (2024) employed historical catch per unit-effort
(CPUE) data from 2010 and conducted a comparative analysis with the most recent dataset
obtained in 2023. The size of each subpopulation was classified according to the following
scale (Figure 3):
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Figure 3. CPUE classification by category.

All gathered data were processed and analyzed using a spatial database in ArcGIS Pro
software (ESRI, Redlands), which was also utilized for the distribution map generation, as

presented in Figure 4 (Ion et al., 2024).
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Figure 4. Sampling effort and distribution of various crayfish species found during the study period

(Ton et al., 2024)




The population trend was observed between 2010 and 2023, taking into account the mature
individuals caught, using the CPUE method. The 2010-2019 data are historical data that
determined the presence of what was thought to be 4. torrentium at the time. For the species
under investigation, this approach represents one of the most effective research methods, given

the characteristics of its habitat, which limit the reliability of alternative techniques such as
visual detection or baited trapping.

2.2.2. Baited traps

Baited traps are a prevalent method in crayfish research and management, primarily due to their
efficiency and ease of use. These traps typically employ attractants, such as fish-based baits, to
lure crayfish into enclosed spaces from which escape is difficult. However, scientific studies
have highlighted certain biases and limitations associated with their use.

Research indicates that baited traps often exhibit a size and sex bias, predominantly
capturing larger male crayfish (De Palma-Dow et al., 2020). This selectivity can be attributed
to the aggressive and exploratory behaviors of larger males, making them more susceptible to
baited traps. For instance, a study comparing baited funnel traps (BTs) with artificial refuge
traps (ARTs) found that BTs were significantly dominated by males, with a sex ratio of 1.49

males to 1 female, and captured larger individuals on average compared to ARTs (Green et al.,
2018).

In the case of A. bihariensis research, there were a series of constraints for using baited
traps. Pirat traps (Figure 5a and 5b) were employed with bait, typically consisting of pork meat
pieces. The most important constraint in using Pirat traps was the width and depth of the rivers
inhabited by A. bihariensis. Therefore, most of the researched riverbeds were unsuitable for
trap deployment. Consequently, baited traps were primarily used in larger tributaries (e.g.,

Crisul Repede, Valea Iadului, Crisul Negru, Crisul Pietros) to assess the potential presence of
invasive species.
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Figure 5a. Pirat trap used for A. bihariensis research. (Source: https://engelnetze.com/en/crayfish-pot-pirat/)

Figure 5b. Using baited Pirat traps for the monitoring of A. bihariensis on Crisul Repede river.

Baited traps proved ineffective for capturing Austropotamobius bihariensis. In each of
the larger rivers surveyed, two traps were deployed during the summer across two separate
sampling campaigns. However, no individuals of A. bihariensis were recorded using this
method. As previously noted, alternative research techniques yielded more reliable and
consistent results.

In conclusion, while baited traps remain a valuable tool in crayfish research, awareness
of their biases is crucial, as the fact that they can be used only in large streams. Integrating
diverse trapping techniques can lead to more effective management strategies and a deeper
understanding of crayfish ecology.

2.3. Quantitative methods
2.3.1. Capture-Mark-Recapture (CMR)

The capture-mark-recapture (CMR) method is a valuable tool in crayfish research for
estimating population sizes and monitoring demographic parameters. This technique involves
capturing individuals, marking them uniquely, releasing them back into their habitat, and
subsequently recapturing them in future sampling sessions. The proportion of marked
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individuals in these recaptures provides insights into population estimates and dynamics
(Kordjazi et al., 2016).

For example, a study focusing on the white-clawed crayfish (Austropotamobius
pallipes) in Northern Italy employed the CMR method to monitor population trends.
Researchers conducted capture sessions separated by approximately two-week intervals to
mitigate short-term negative effects of capturing on recapture probabilities (Nowicki et al.,
2008).

However, the CMR method has some constraints. For example, tagging research
frequently depends on data obtained through trapping, where sampling efficiency is influenced
by the catchability of individuals, which is further impacted by both environmental and
physiological factors (Nowicki et al., 2008). For instance, the catchability of crayfish tends to
decrease during the winter months (Somers and Stechey, 1986). Moreover, various biological
traits of crustaceans, such as molting and mating, occur at different times throughout the year
and have been found to affect the accuracy and reliability of the method (Ziegler et al., 2004).
The reliability and accuracy of survival probability estimates improve as the sample size and
sampling duration increase (Pollock et al., 1990).

In the case of A. bihariensis, the Capture-Mark-Recapture (CMR) method continues to
be employed as a key research tool for assessing population size, movement, and survival rates.
Although preliminary data have been collected through ongoing field campaigns, these results
remain under analysis and have yet to be fully validated or published. The continued
application of the CMR technique reflects its utility in producing datasets critical for
understanding population dynamics. Further analysis of the current data is expected to provide
valuable insights that may inform both site-level conservation actions and broader species
management strategies. (Figure 6).
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Figure 6. Marked 4. bihariensis, ready for being released, during the application of CMR method in
ROSAC0262 Valea ladei Natura 2000 site
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2.3.2. Molecular data for determining the genetic population structure

Molecular data play a crucial role in crayfish research by providing accurate insights into
species identification, genetic diversity, population structure, and evolutionary history.
Traditional morphological identification can be challenging due to cryptic species, phenotypic
plasticity, and hybridization (Mathews et al., 2008).

DNA-based techniques, such as mitochondrial DNA (mtDNA) sequencing and
microsatellite analysis, help resolve taxonomic ambiguities and confirm species delineations
more reliably than morphological assessments alone (Trontelj et al., 2005). Furthermore,
molecular markers are essential for studying genetic diversity and connectivity among crayfish
populations. These data aid in conservation efforts by identifying genetically distinct
populations that require targeted protection (Chiesa et al., 2011). Genetic monitoring can also
detect the presence of invasive crayfish species and track hybridization events, which may
threaten native populations (Filipova et al., 2010).

As far as A. bihariensis is concerned, molecular analysis has played a crucial role in
determining the species as distinct (Parvulescu, 2019). From a phylogenetic perspective, as
presented in Figure 7, A. bihariensis constitutes a well-supported clade that is distinctly
separated from its sister clade, haplogroup ZV, as defined by Klobucar et al. (2013) of A.
torrentium, by 43 mutational differences in COI mtDNA sequences (Parvulescu, 2019).

Astacus astacus (outgroup)
A. pallipes (sensu stricto)
A. torrentium (GK haplogroup)
A. bihariensis n. sp. (Crisul Repede)

A. bihariensis n. sp. (Crisul Negru)

. A. bihariensis n. sp. (Crisul Alb)
A. torrentium (ZV haplogroup)

A. torrentium (LD haplogroup)

. 395?395 A. torrentium (BAN haplogroup)

<0.75 —@ .
——— A. torrentium (SB haplogroup)

0.10 e

A. torrentium (CSE haplogroup)

Figure 7. A phylogenetic tree illustrating the maximum likelihood relationships among Austropotamobius
lineages (Parvulescu, 2019).

Molecular approaches have become increasingly valuable for elucidating the
population structure of A. bihariensis. As demonstrated by Bonassin et al. (2024), genome-
wide SNP data generated through ddRAD-seq have proven highly effective in resolving cryptic
diversity and identifying signals of introgression in European freshwater crayfish. Applying
such high-resolution methods to A. bihariensis is crucial, particularly given its restricted
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distribution and potential vulnerability to hybridization or genetic drift. Compared to more
accessible but lower-resolution tools like microsatellites, SNPs offer a comprehensive
perspective on population connectivity, genetic integrity, and demographic history. However,
the adoption of these methods is limited by technical demands, higher costs, and the need for
advanced bioinformatics, which underscores the importance of targeted funding and
collaboration for future research on A. bihariensis.

For A. bihariensis, samples were collected from key populations in Western Romania,
and the resulting data were used to assess genetic distinctiveness and potential admixture with
related taxa, particularly A. torrentium. Their analysis revealed clear genetic separation of A.
bihariensis, supporting its taxonomic validity, while also highlighting localized patterns of
gene flow. Further molecular studies are still ongoing to determine the exact population
structure (Figure 8).

Tissue samples from individuals inhabiting selected sites were collected. Specimens
were sampled non-lethally, typically by clipping a small portion of the soft abdominal tissue
or walking leg (last pereiopod), ensuring minimal impact on the animals. The biological
material was preserved in 96% ethanol immediately after collection to maintain DNA integrity.
Field collection was conducted under appropriate ethical and legal permits, with careful
documentation of locality data to support downstream spatial and genetic analyses. These
samples were then used for genomic DNA extraction, followed by ddRAD-seq library
preparation to generate a high-resolution dataset of single nucleotide polymorphisms (SNPs).

No limitations were encountered in the application of this method, as all necessary
permits for sample collection had been obtained in advance.
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Figure 8. Pereiopod sampling for molecular analysis — ROSAC0062 Natura 2000 site

To standardize and clarify the methodological framework employed in crayfish
population studies, the research methods referenced throughout this study were categorized
according to their primary objectives and data outputs. These categories—Presence-Absence,
Semi-Quantitative, and Quantitative—reflect the increasing resolution and analytical depth
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provided by each method. The classification aims to support comparability across studies and
facilitate appropriate methodological selection for future monitoring and conservation efforts.
Table 1 summarizes the crayfish research methods for 4. bihariensis listed in this report and
related literature, outlining their functional roles, specific applications to A. bihariensis.

Table 1. Summarized crayfish research methods.

Category Method Purpose Reference

Presence-Absence | Hand Capture Detect the presence | Hilber et al., 2020;
(Presence of crayfish in Ion et al., 2024
Detection) specific habitats.

Presence-Absence eDNA Analysis Non-invasive Larson et al., 2017;
detection of species | Filipova et al., 2010
in aquatic
environments.

Presence-Absence | Baited Traps Detect presence De Palma-Dow et

(Presence Check) (especially of al., 2020; Green et
invasive species) in | al., 2018
suitable riverbeds.
Semi-Quantitative | Hand Capture Estimate relative Ion et al., 2024;
(CPUE) abundance using Zimmerman and
Catch Per Unit Palo, 2011
Effort (CPUE).
Semi-Quantitative | Baited Traps Approximate Green et al., 2018
(Biased population
Abundance) characteristics with
known sex/size
bias.
Quantitative Capture-Mark- Estimate absolute Kordjazi, 2016;
Recapture (CMR) | population size and | Nowicki et al.,
survival 2008; Pollock et al.,
probabilities. 1990
Quantitative Molecular Data Determine genetic | Parvulescu, 2019;
(e.g., mtDNA, diversity, Trontelj et al.,
microsatellites) population 2005; Chiesa et al.,
structure, and 2011
evolutionary
relationships.

2.4. Habitat assessment

Assessing crayfish habitats is crucial for understanding their ecological roles and distribution
patterns, and for implementing effective conservation strategies. Scientific research in this
domain employs various methodologies to evaluate the physical, chemical, and biological
parameters that influence crayfish populations.

Crayfish exhibit preferences for specific physical habitat features, which can vary
among species and environmental contexts (Welsh and Loughman, 2015). Studies have shown
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that crayfish often favor habitats with larger substrates such as boulders and cobbles, which
provide essential refugia. For instance, research on the endangered white-clawed crayfish
(Austropotamobius pallipes) indicates a positive association with boulder-rich environments,
offering shelter from predators and strong currents (Reynolds et al., 2013; Rosewarne et al.,
2017).

Crayfish are sensitive to changes in water temperature and dissolved oxygen. Elevated
temperatures can reduce dissolved oxygen levels, leading to hypoxic conditions detrimental to
crayfish. Species such as Austropotamobius pallipes are typically found in cooler, well-
oxygenated waters, indicating a preference that should be considered in habitat assessments
(Rosewarne et al., 2017). To support the development of an effective conservation strategy,
habitat quality was also evaluated at each sampling site (Figure 9).

Figure 9. Habitat assessment by analysis of dissolved oxygen in water - RONPAO0004 Apuseni Nature Park.

The presence of invasive species poses significant threats to native crayfish through
competition, predation, and disease transmission (O’Hea Miller et al., 2024). For example, the
introduction of non-native crayfish species has been linked to the decline of indigenous
populations due to competitive displacement and the spread of pathogens like the crayfish
plague Aphanomyces astaci (Monari et al., 2023).

In the case of A. bihariensis, a series of periodic actions (once every season for each
monitored location) was carried out to assess and monitor the habitat of the species. The
monitoring took place in each of the 40 historical locations, as published in Acs et al. (2025),
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and following the protocol attached to the present report. Among these actions were: a) field
surveys for direct observation and sampling to document crayfish presence, b) water quality
monitoring; and c) analysis of the physical structure and integrity of the habitat. These
parameters were chosen because it was observed during the monitoring that A. bihariensis
populations are sensitive to water quality degradation (turbidity due to non-compliant logging
or lack of dissolved oxygen), as well as to physical habitat destruction, by destruction of the
banks with galleries or the river bed conformation. Simultaneously, a comprehensive list of
threats that currently impact or have the potential to impact the species or its habitat is being
developed.

In conclusion, comprehensive habitat assessments integrating physical, chemical, and
biological factors are essential for the effective conservation and management of A. bihariensis
populations. Understanding these parameters enables the development of targeted strategies to
preserve native species and mitigate the impacts of environmental changes and invasive
species.

2.5 Species assessment protocol

The conducted research on A. biharienisis was based on a species inventory and monitoring
protocol. The protocol is found in Annex 1 and takes into account the biology, ecology, and
specific habitats populated by A. biharienis. Analyzing the scientific literature, the protocol
was developed taking into account the most optimal monitoring methods for crayfish species,
with an emphasis on A. bihariensis. It also took into account the Annex to the Order of the
Minister of Environment, Waters and Forests No 3.351/2023 for the approval of the Guide on
uniform protocols and methodologies for monitoring the conservation status of species of
Community interest, within the project 'Completing the level of knowledge of biodiversity
through the implementation of monitoring system for monitoring the conservation status of
species and habitats of Community interest Romania and reporting under Article 17 of Habitats
Directive 92/43/EEC. The list of threats and possible conservation measures has been taken
from the annex mentioned above.

2.6 Recommendations for improving the use of research methods in A. bihariensis
monitoring

e Combine hand capture with targeted visual surveys
Given the limited success of baited traps and the species’ cryptic behavior, hand capture
remains the most effective method under current field conditions. However, its
efficiency can be enhanced by integrating it with targeted visual surveys, particularly
in habitats with high water clarity and low turbidity. These surveys should be timed
during dusk or night when crayfish are most active, and environmental parameters
should be recorded to refine detection models.

e Avoid sole reliance on baited traps in low-density populations
Field evidence demonstrates that baited traps are ineffective for A. bihariensis,

19



20

particularly in small rivers with complex substrates. Their use should be limited to
exploratory contexts or in combination with other techniques. Where used, traps should
be placed in structurally diverse microhabitats and monitored over multiple sessions to
increase capture probability.

Improve the efficiency of Capture-Mark-Recapture (CMR) through
standardization

CMR is a powerful method for estimating population size and dynamics, but requires
methodological consistency to yield robust data. We recommend adopting a
standardized protocol for marking (non-toxic tagging or carapace notching) and
ensuring repeat sampling over multiple seasons. A metadata sheet should accompany
each campaign to improve comparability over time.

Expand the use of environmental DNA (eDNA), but with clear objectives
While eDNA is currently used primarily to detect invasive species such as Faxonius
limosus or Aphanomyces astaci, its future use in detecting A. bihariensis should be
explored through pilot studies. However, its role should be complementary, not a
replacement for physical sampling, especially in low-density populations where
detection thresholds may limit reliability.

Integrate = molecular tools for long-term  population monitoring
Molecular data offer insights into population structure, gene flow, and genetic diversity.
Building on studies such as Bonassin et al. (2024), efforts should be made to collect
tissue samples during field campaigns for long-term genomic monitoring using SNPs
or microsatellites. Collaboration with genetic laboratories is essential to overcome
technical and financial barriers.

Establish  habitat  assessment as a  parallel routine method
Because crayfish presence is closely linked to microhabitat conditions, physical habitat
assessments (substrate type, cover, flow velocity) should be conducted in parallel with
biological sampling. This allows for the development of habitat suitability indices that
can guide future conservation actions and detect habitat degradation trends over time.

Develop an integrated monitoring framework
A coordinated, site-based monitoring strategy should be developed, combining the most
effective methods identified: hand capture, habitat assessment, and molecular
diagnostics. Protocols must be aligned across protected areas to ensure data
comparability, with regular updates based on field performance.

Invest in training and interdisciplinary collaboration
Field personnel should receive targeted training in CMR techniques, eDNA sampling,
and habitat scoring to reduce observer bias and improve data quality. Collaboration
between ecologists, geneticists, and conservation managers is essential for fully
leveraging each method’s potential.



3. Grants

Despite their ecological significance, crayfish are often overlooked in conservation funding
frameworks due to their status as non-iconic species. Unlike large mammals or birds, which
typically attract public interest and institutional support, crayfish lack widespread recognition,
making it challenging to secure dedicated resources for their study. In Romania, this issue is
particularly acute, as native crayfish species such as 4. bihariensis inhabit sensitive freshwater
ecosystems that are increasingly threatened by habitat degradation, pollution, invasive species,
and climate change. Yet, the scarcity of targeted funding continues to hinder long-term
ecological assessments, distribution mapping, and the development of conservation strategies.
Without sustained financial support, researchers are limited in their ability to monitor
population trends, evaluate threats, or implement adaptive management plans based on
scientific evidence.

Moreover, conducting crayfish research often requires the application of specialized
and resource-intensive methodologies. Techniques such as molecular determinations, Capture-
Mark-Recapture (CMR), and environmental DNA (eDNA) sampling involve considerable
financial costs for equipment, laboratory analyses, and field logistics. The use of such advanced
methods is essential for accurately assessing population health, detecting cryptic or low-density
populations, and identifying the presence of pathogens such as Aphanomyces astaci.
Additionally, compliance with environmental regulations requires the acquisition of permits
and approvals, further underscoring the importance of institutional backing. Therefore, grant
funding is not only necessary to cover operational expenses but also to ensure methodological
rigor and support collaborative, interdisciplinary approaches to crayfish conservation in
Romania’s vulnerable freshwater systems.

The application of research methods in the case of A. bihariensis was made possible by
a number of grants. These are listed below in Table 2:
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Table 2. List of grants used for the monitoring of A. bihariensis.

Host Project Project Funding Duration

Tide Institution Director  Priorities Source Budget
fom unkiown to Wt Knowledge PN I -
Y W .. Dr. Lucian and Exploratory 2021- 1.197.712
modern University of _. )
. .. Parvulescu conservation Research 2023 LEI
conservation Timisoara i .
’ of the species Projects
measures
. Centre  for
Ii::/ dlscov(f:g %ii Protected Monitoring of Mohamed
species Y i Areas and Drd. the idle bin ~ Zayed 2021- 6,100
Romania, the idle Sustainable Andrei Acs crayﬁsh Conservation 2022 USD
Development population  Fund
crayfish .
Bihor
Centre  for Monitoring of
Safecuarding  the Protected the idle Mohamed
>ales g Areas and Drd. crayfish andbin  Zayed 2023— 6,300
idle crayfish from . C . . .
. Sustainable Andrei Acs invasive Conservation 2024 USD
extinction
Development crayfish Fund
Bihor populations
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4. Conservation methods, strategies, and recommendations proposed for A. bihariensis
4.1 Conservation methods and strategies

Freshwater ecosystems experience biodiversity loss at a faster rate than terrestrial or marine
environments, highlighting the urgent need for conservation. However, efforts are hindered by
limited data on the distribution and status of many freshwater species, especially invertebrates.
An assessment of 590 freshwater crayfish species using [IUCN criteria revealed that 32% face
extinction risks. The vulnerability varies across families, with Parastacidae and Astacidae
having a higher proportion of threatened species compared to Cambaridae (Richman et al.,
2015). The primary drivers of this decline include habitat loss, pollution, invasive species, and
overexploitation. For instance, in Europe, the introduction of non-native crayfish species has
led to the spread of crayfish plague, decimating native populations (Theissinger et al., 2021).

The loss of crayfish species has cascading effects on freshwater ecosystems. As
omnivores, crayfish play a pivotal role in nutrient cycling, sediment turnover, and as prey for
various predators. Their decline can disrupt these ecological processes, leading to reduced
water quality and biodiversity loss (Helfrich and Prysby 2020).

Conservation efforts are underway to address these challenges. Strategies include
habitat restoration, controlling invasive species, and establishing protected areas. For example,
researchers have emphasized the importance of cohesive conservation strategies to protect the
diverse and highly endemic crayfish fauna (Taylor et al., 2019). Additionally, the development
of genomic tools offers insights into the conservation status of endangered crayfish, aiding in
the formulation of effective management plans (Bonassin et al., 2024). Public awareness and
engagement are also crucial. Citizens can contribute by participating in conservation groups,
adopting local streams or rivers, and reporting pollution incidents. Such community
involvement is vital for the successful implementation of conservation initiatives (Helfrich and
Prysby 2020).

An analysis of the distribution of A. bihariensis, formerly classified as 4. torrentium,
within the Natura 2000 Standard Data Forms reveals a significant gap in its formal recognition.
Despite confirmed presence in numerous locations, the species is officially listed in only 5 out
of the 23 Natura 2000 protected areas examined. Although it is also known to occur within the
Apuseni Nature Park (RONPAO0004), this site overlaps with two Natura 2000 sites where its
presence is already formally acknowledged. This underrepresentation poses substantial
challenges for species monitoring, as the absence of formal inclusion in Standard Data Forms
directly impacts the allocation of targeted conservation funding. The root of this discrepancy
appears to lie in the flawed initial biodiversity assessments conducted during the designation
process of Natura 2000 sites in Romania, which failed to accurately reflect the species' actual
distribution.

Although the majority of the analyzed sites have approved management plans, there is
a lack of clear and up-to-date information regarding the monitoring of A. bihariensis in recent
years. This gap makes it difficult to assess whether the protected areas are effectively
safeguarding the species or to evaluate the trends in its population dynamics within these sites.
Such inconsistencies stem from the poor management of protected areas by the National
Agency for Protected Natural Areas (recently reorganized as the National Agency for
Environment and Protected Areas), as well as from the lack of consistent budget allocations
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dedicated to monitoring activities. The only available data originates from various grant-funded
initiatives carried out by universities, research institutes, or private entities such as
environmental NGOs.

The current studies developed on A. bihariensis emphasize on the urgent need for a
comprehensive conservation strategy. Species and habitat modeling indicate that only 37.9%
of the A. bihariensis population, and just over half of its optimal habitat, are located within
protected areas (Acs et al., 2025). Acs et al. (2025) listed the protected areas where the species
was identified (Table 3). This underscores the necessity for conservation measures that extend
beyond existing protected areas to ensure the species' long-term survival (Acs et al., 2025).

The opportunity to include 4. bihariensis in the Standard Data Forms of relevant Natura
2000 sites, along with the replacement of 4. torrentium where appropriate, lies in the revision
process of site management plans. Achieving this requires close collaboration with the National
Agency for Environment and Protected Areas, which serves as the de facto administrator of all
Natura 2000 sites in Romania. At present, however, there is no clear timeline or indication of
when funding will be allocated to initiate the revision of expired management plans.

Moreover, significant efforts have been undertaken to introduce A. bihariensis in the
Annexes 3 and 5A of the Romanian Government Emergency Ordinance No 57/2007,
supplemented and amended by Law 49/2001, with subsequent additions, on “the regime of
protected natural areas, conservation of natural habitats, wild flora and fauna”, in the process
of its revision. The process involved participation in various meetings of the Romanian
Parliamentary Environment Committee, as well as direct advocacy with key individuals from
Romanian environmental institutions.
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Table 3. The list of protected areas where A. bihariensis was identified (Acs et al., 2025)

1 ROSCI0002: Apuseni Present
2 ROSCI0029: Cheile Glodului, Cibului si Mazii Absent
3 ROSAC0034: Cheile Turenilor Absent
4 ROSCI0042: Codru Moma Present
5 ROSAC0061: Defileul Crisului Negru Absent
6 ROSAC0062: Defileul Crisului Repede-Padurea | Absent
Craiului
7 ROSAC0064: Defileul Muresului Absent
8 ROSCI0070: Drocea Absent
9 ROSCI0084: Ferice-Plai Absent
10 ROSAC0200: Platoul Vascau Absent
11 ROSAC0253: Trascau Absent
12 ROSAC0262: Valea ladei Present

13 ROSAC0289: Coridorul Drocea-Codru Moma Absent
14 ROSCI0291: Coridorul Muntii Bihorului-Codru | Absent

Moma
15 ROSAC0298: Defileul Crisului Alb Absent
16 ROSAC0300: Fanatele Pietroasa-Podeni Absent
17 ROSAC0322: Muntele Ses Present
18 ROSCI0324: Muntii Bihor Present
19 | ROSCI0325: Muntii Metaliferi Absent

20 ROSCI0339: Padurea Povernii-Valea Cernita Absent

21 ROSCI0406: Zarandul de Est Absent
22 ROSCI0407: Zarandul de Vest Absent
23 ROSCI0427: Pajistile de la Liteni-Savadisla Absent
24 RONPAO0004: Parcul Natural Apuseni Present
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Furthermore, considerable efforts are made to find ways to include the species in the
Annex of the EU Habitats Directive 92. Advanced discussions with the team of experts at
Grigore Antipa Museum of Natural History in Bucharest, who could facilitate the inclusion of
the species in the Annex of the Directive, are undergoing.

The path towards legal protection and the recognition of the need to conserve the
species is schematically presented in Figure 10.

Austropotamobius bihariensis
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Figure 10. Schematic representation of the path towards legal protection of A. bihariensis.
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Moreover, the efforts are heading towards putting all the critical stakeholders at the
same table to harmonize the inter-sectoral crayfish conservation practices. Negotiations with
the Water Administration are also crucial, and so far, the lack of constructive discussions with
the institution has resulted in bad river basin management practices. For this matter, Acs et al.
(2025) are proposing an Optimal River Network, with 3 different scenarios, which can serve
as a starting point for the proper conservation of the species and its habitat. The predicted
habitat was delineated into three scenarios (Figure 11): (a) permissive (P), representing all
suitable habitat across the ORN; (b) balanced (B), restricted to ORN segments within the five
clusters defined by Ion, et al. (2024) and Parvulescu et al. (2020); and (c) restrictive (R), limited
to micro networks with field-verified crayfish presence. These scenarios were overlapped with
protected areas to quantify habitat extent and summarize geospatial variables (Acs et al., 2025).

ORN scenarios
® permissive
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© out of ORN

® A, bihariensis
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P
A
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———— KM
0 30 | 60

i

Figure 11. Optimal River Network scenarios for A. bihariensis distribution across the catchment.
(Acs et al., 2025)

While current conservation efforts have demonstrated the urgent need to protect A.
bihariensis, the implemented actions have been largely reactive and fragmented. To date, best
practices that have proven effective include habitat assessments to detect structural
degradation, mapping of predicted habitats using species distribution models, and surveillance
of invasive species using eDNA technology. Moreover, integrating CMR and CPUE
approaches has enabled more accurate population monitoring in sites where hand-capture

27



methods are feasible. However, these tools remain underutilized at a national level due to the
species’ incomplete formal inclusion in conservation frameworks and monitoring schemes.

To enhance the efficiency of conservation measures, several improvements are
necessary. First, habitat management must involve cooperation with water authorities to
prevent physical destruction of riverbanks and improve compliance with forestry and
hydrological regulations. Second, the extension of legal protection for A. bihariensis, both at
national and European levels, should be prioritized, with its inclusion in the Habitats Directive
Annexes. Third, permanent monitoring programs must be established with consistent funding,
ideally integrated into revised management plans for relevant Natura 2000 sites. These actions
will help bridge the gap between policy and practice and ensure the long-term viability of A.
bihariensis populations.

4.2 Recommendations for improving conservation outcomes

o Update Natura 2000 Standard Forms: Formally include 4. bihariensis in all sites where
its presence is confirmed and remove outdated references to A. torrentium where
applicable.

e Revise management plans: Ensure that the species is included in upcoming revisions of
site-level conservation strategies through collaboration with the National Agency for
Environment and Protected Areas.

o Enhance legal protection: Support initiatives to include A. bihariensis in national
legislation and the EU Habitats Directive.

e Secure dedicated funding: Advocate for consistent budget allocation for monitoring,
reducing dependence on sporadic grants.

o Develop a standardized monitoring framework: Based on existing protocols and field-
tested methodologies (CMR, habitat scoring, genetic monitoring).

o Improve inter-agency collaboration: Facilitate communication among conservation
authorities, water management bodies, NGOs, and researchers.

o Raise public and institutional awareness: Promote the species’ importance as an
endemic, bioindicator organism to elevate its conservation priority.
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5. Conclusion

The present report presents a comprehensive assessment of both research methodologies and
conservation strategies relevant to A. bihariensis, an endemic crayfish species of significant
ecological importance in western Romania. By combining a critical literature review with
original fieldwork, including Capture-Mark-Recapture studies, CPUE assessments, and genetic
sampling, the study offers valuable insights into the challenges and opportunities associated
with monitoring and conserving this cryptic and locally threatened species.

Although several protected areas overlap with the known distribution of 4. bihariensis,
the species remains underrepresented in Natura 2000 Standard Data Forms, which directly
hinders long-term monitoring efforts and funding access. Conservation efforts to date have
been fragmented, largely project-based, and often constrained by administrative and
institutional gaps. The current findings underscore the urgent need for formal recognition of 4.
bihariensis in relevant conservation frameworks, updated management plans for Natura 2000
sites, and the adoption of standardized, evidence-based monitoring protocols.

Furthermore, the analysis highlights that while methods such as baited traps or visual
surveys show limited efficiency for this species, approaches like hand capture, habitat scoring,
and molecular diagnostics offer greater reliability when applied in suitable environmental
contexts. Finally, the report identifies actionable recommendations aimed at enhancing
conservation efficiency, including institutional coordination, legal updates, and sustained
financial support. Ensuring the viability of A. bihariensis populations requires not only robust
science but also long-term commitment from conservation authorities, researchers, and
policymakers alike.

Each method's utility is inherently shaped by the ecological characteristics of the target
species and the physical constraints of its habitat. In the case of 4. bihariensis, integrating
historical CPUE data, molecular analyses, and field-based capture techniques provided a
comprehensive picture of population structure and distribution. Importantly, molecular
approaches played a decisive role in species delineation and genetic monitoring, reaffirming
their indispensable value in conservation-oriented research. The combination of classical
fieldwork with modern genetic tools enhances both the accuracy and scope of crayfish
monitoring and provides a replicable model for other freshwater taxa of conservation concern.
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