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Abstract:
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We provide a comprehensive survey on the bibliometric analysis of scientific publications on Ponfasta-
cus leptodactylus published in Web of Science (WoS). We found, based on 822 WoS publications, that
countries such as Tiirkiye, France and Iran were among the leading contributors in this field during 1965-
2023. Tirkiye led with 216 publications, followed by France with 116 and Iran with 64 publications.
The majority of publications consisted of articles, while Fisheries, Marine and Freshwater Biology and
Zoology were among the main focus categories of publications. Comprehensive analysis identified some
of the main academic trends in the field by detailing the scientific knowledge and collaboration networks
in research on P. leptodactylus. In conclusion, this bibliometric analysis not only highlights the signifi-
cant contributions of Tiirkiye, France and Iran to the study of P. leptodactylus, but also underscores the
importance of collaboration and citation dynamics in shaping the academic landscape of the field, thereby
providing valuable insights for future research directions.
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Introduction

Freshwater crayfish form a monophyletic group of
approximately 700 described species in all areas of
the world except the Antarctic continent, the Indian
subcontinent and the African mainland (Crandall &
Buhay 2008, Crandall & De Grave 2017, Ion et al.
2024). These species are divided into four families:
Astacidae, Cambaridae, Cambaroididae and Par-
astacidae. Northern hemisphere families (Astaci-
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dae, Cambaroididae and Cambaridae) and southern
hemisphere families (Parastacidae) form radically
different monophyletic clades (Bracken-Grissom et
al. 2014, Crandall & De Grave 2017). Despite the
large number of freshwater crayfish species, harve-
sting and culture activities are concentrated on only
seven species: Procambarus clarkii, Pacifastacus
leniusculus, Astacus astacus, Pontastacus leptodac-
tylus, Cherax tenuimanus, Cherax destructor and
Cherax quadricarinatus (Holdich 1993).
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Crayfish species within Astacidae are distrib-
uted across four genera: Pacifastacus is indigenous
to North America, while Astacus, Pontastacus and
Austropotamobius are native to Europe (Kouba et
al. 2014, Fiireder 2015, Bostjancic et al. 2021). Pon-
tastacus leptodactylus (Eschscholtz, 1823), has a
wide distribution area covering present-day Europe,
Eastern Russia and the Middle East (Ion et al. 2024).
Pontastacus leptodactylus, commonly known as the
narrow-clawed crayfish, is also known as the Turk-
ish crayfish, Danube crayfish or Galician crayfish
(Harlioglu 2004, Farhadi & Harlioglu 2018). It has
been introduced to many Western European coun-
tries due to its economic value and significant im-
portance for aquaculture (Harlioglu 2008, Harlioglu
& Farhadi 2017).

Tiirkiye was a major supplier of P. leptodac-
tylus to European markets (Harlioglu & Harlioglu
2005). However, Tiirkiye has experienced significant
declines in crayfish harvests since the mid-1980s
due to overfishing and crayfish plague (Harlioglu &
Harlioglu 2006, Harlioglu 2009, Aydin et al. 2012).
Although populations now appear relatively stable
(Kokko et al. 2012, 2018), current harvest levels re-
main far below those of previous decades (Cilbiz et
al. 2020). This reduction underscores the need for
continued research and systematic evaluation of
scientific output, particularly through bibliometric
analyses, to inform effective conservation and man-
agement strategies for this economically and eco-
logically significant species.

Pontastacus leptodactylus is among the spe-
cies that can be cultured as well as collected from
natural environments. The production of this spe-
cies ranks fifth in world crayfish production (Oz-
turan et al. 2022, Nuc et al. 2023). Aquaculture
programmes for this species aim to support local
fisheries and replace native crayfish populations af-
fected by diseases like crayfish plague (Kokko et al.
2012, 2018). These initiatives include broodstock
management and controlled releases into suitable
habitats. For this reason, in recent years, there has
been an increase in research on increasing the repro-
ductive efficiency and cultivation of P. leptodacty-
lus (Harlioglu et al. 2014, 2017, Farhadi et al. 2018,
Farhadi & Harlioglu 2019).

Fisheries science is one of the fastest grow-
ing scientific fields in the world (Pauly & Zeller
2016, FAO 2022). In recent years, interest in fish-
eries has increased due to a growing awareness
that aquatic stocks can become severely depleted
or even threatened with extinction through over-
exploitation (Pauly et al. 2022). In parallel with
the development of fisheries and aquaculture in
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the world, there has been a significant increase in
the number of scientific publications in this field.
For example, many studies have been published
on the bibliometric analysis of articles published
in the field of fisheries and aquaculture (Bernard
2010, Natale et al. 2012, Jaric et al. 2012, Radael
et al. 2014, Aksnes & Browman 2015, Syed et al.
2019, Kok et al. 2021, Bujas et al. 2023, Sheikh et
al. 2024, Qin et al. 2024, Sarameh & Falahatkar
2024). However, there are only a few bibliomet-
ric publications on crayfish. Fetzner (2009) col-
lated data on the impact factor (IF) and some other
bibliometric measures of publications on crayfish
published in Freshwater Crayfish Symposium
Books. In a different study, lon et al. (2022) exam-
ined more than 700 articles published on crayfish
in 189 journals over the last three decades, consid-
ering keywords, main research topics, institutional
and author collaborations based on co-citation and
co-occurrence networks. Recently, a web platform
towards a real-time global mapping of freshwater
crayfish and their pathogens was published by lon
et al. (2024). Nevertheless, no bibliometric study
on P. leptodactylus has been found in literature
searches.

Given that P. leptodactylus is one of the most
economically and ecologically significant crayfish
species in Eastern Europe and Western Asia, par-
ticularly in Tirkiye, where it has historically con-
tributed substantially to inland fisheries exports,
understanding the scope and direction of research
on this species is essential. Despite its importance,
the apparent absence of bibliometric studies spe-
cifically focused on P. leptodactylus makes it dif-
ficult to assess the evolution of scientific interest,
identify dominant research areas or reveal potential
gaps in knowledge. A comprehensive bibliometric
analysis would not only provide insights into global
research trends on P. leptodactylus but would also
support more informed management, conservation
and policy decisions. Moreover, it would offer a
structured foundation for future scientific inquiries,
collaborations and funding priorities surrounding
the species.

The purpose of this study was to conduct a
bibliometric analysis of the scientific literature on
P leptodactylus published in the Web of Science
(WoS) from 1965 to 2023. By examining the exist-
ing body of research, the study aimed to identify
key trends, influential authors and collaborative net-
works within the field, thereby providing insights
into the scientific, economic and environmental sig-
nificance of this species. Additionally, the analysis
sought to highlight gaps in the current literature,
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encourage future research collaborations and con-
tribute to a deeper understanding of the conserva-
tion and aquaculture potential of P. leptodactylus in
light of its historical and ongoing challenges, such
as overfishing and disease.

Materials and Methods

The data were collected as of 5™ November, 2024
from WoS databases viz., Science Citation Index
Expanded (SCI Expanded), Conference Proceed-
ings Citation Index (CPCI-S), Emerging Sources
Citation Index (ESCI), Book Citation Index-Sci-
ence (BKCI-S) and Social Sciences Citation In-
dex (SSCI) for the period between 1965 and 2023.
The taxonomic status of Astacus leptodactylus
was revised and reclassified as Pontastacus lepto-
dactylus based on the comprehensive systematic
study conducted by Crandall & De Grave (2017).
Therefore, advance search was adopted and used
the following keywords for searching and retriev-
ing data “Pontastacus leptodactylus” or “Astacus
leptodactylus”. The query path was “Astacus lep-
todactylus” (All Fields) or “Pontastacus leptodac-
tylus” (All Fields) (https://www.webofscience.com/
wos/woscc/summary/3950c819-179d-4444-ac3c-
e13736885ab8-0126€92b39/relevance/1).

The bibliographic data related to P. lepto-
dactylus or A. leptodactylus included publication
trends, publication types, top WoS categories,
most productive authors, top countries, top jour-
nals, affiliations, most cited publications, highly
productive affiliations, highly collaborative au-

thors, total link strength of the authors and highly
cited articles. The total link strength refers to the
cumulative weight of all connections an author
has within a network and represents the overall
density of their relationships with other authors.
Bibliographic records were analysed and mapped
using the VOSviewer version 1.6.20 and Micro-
soft Excel 2016.

Results

Evolution in publication trends

An examination of the annual distribution of aca-
demic publications on P. leptodactylus indexed in
the Web of Science (WoS) database revealed that
a total of 822 publications were published global-
ly between 1965 to 31 December, 2023 (Fig. 1).
The first study on P. leptodactylus, “The Activities
of Hexoknase Dehydrogenases and Alkaline Phos-
phatase in the Antenna Gland of Astacus leptodac-
tylus Eschscholz” was written by Keller (1965). The
number of publications fluctuated over the years,
with the highest number of publications (41 articles)
in 2020.

WaosS categories

According to WoS categories, the highest number
of publications regarding P. leptodactylus was in
the Fisheries category, with a total of 210 records.
This was followed by Marine and Freshwater Biol-
ogy with 187 publications and Zoology with 182.
Other prominent categories included Biochemis-
try and Molecular Biology (138), Physiology (77),
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Fig. 1. Number of publications on P. leptodactylus between 1965 and 2023 recorded in WoS.
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Fig. 2. Top ten WoS categories of publications on Pontastacus leptodactylus between 1965 and 2023.
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Fig. 3. Publication categories and the numbers of papers on P. leptodactylus published between 1965 and 2023 in each

of the WoS categories.

Environmental Sciences (69) and Biology (58)
(Fig. 2).

Publication types

Publications on P. leptodactylus retrieved from the
WoS database were predominantly in the form of
journal articles (85% or 727 articles), which indi-
cated a strong preference for disseminating research
findings through this format (Fig. 3). Conference
proceedings followed with 65 articles, while review
articles contributed to the evaluation of the current
knowledge with 31 articles. Other publication types
included meeting abstracts (19), book chapters (5),
notes (4), editorial materials (2) and corrections (2).
Withdrawn publications were identified as a rare
case with only one article.
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Top journals

We identified the top ten journals with the most pub-
lications on P, leptodactylus (Fig. 4). Out of 283 jour-
nals in total, Knowledge and Management of Aquatic
Ecosystems ranked first with 34 publications. It was
followed by Comparative Biochemistry and Physiol-
ogy B Biochemistry Molecular Biology with 28 pub-
lications, while the Journal of Experimental Biology
was ranked third with 26 publications and Aquacul-
ture was ranked fourth with 24 publications.

Most cited publications

According to WoS data, of the 822 publications pub-
lished on P. leptodactylus between 1965 and 2023,
73 articles were not cited at all, while 749 publica-
tions were cited between once and 582 times. The
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Fig. 4. Top 10 WoS journals with the most publications on P. leptodactylus between 1965 and 2023.

Table 1. Ranking of the most cited publications on P. lep-
todactylus and their citation network links in WoS (1965-
2023, VOSviewer).

Rank Documents ﬁ:)t:s- Links
1 Pequeux (1995) 582 | 31
2 Duysens et al. (2000) 424 3
3 Magnus et al. (1994) 364 4
4 Freire et al. (2008) 323 17
5 Romey et al. (1976) 203
6 Terwilliger (1998) 170 4
7 Fanjul-Moles (2006) 166 20
8 Florey & Rathmayer (1978) 142 3
9 Breithaupt & Eger (2002) 134 2

Diéguez-Uribeondo et al.
10 g (1995) 125 | 10
11 Hatt & Smith (1976) 119 4
12 Huang et al. (1994) 114 4
13 Serrano et al. (2003) 101 16
14 Jackson et al. (2014) 101 2
15 Markl et al. (1979) 90 9

most cited publication was by Pequeux (1995) with
582 citations, Duysens et al. (2000) came second
with 424 citations and Magnus et al. (1994) came
third with 364 citations (Table 1).

Citation network of publications

We created a network-based visualisation of cita-
tion relationships among 822 publications based on

the data retrieved from the WoS database and ana-
lysed on 5% November, 2024 (Fig. 5). Publications
that received at least 20 citations were included in
the visualisation. As a result of the bibliometric
analysis, 251 out of a total of 822 publications met
the defined threshold. Examination of the network
structure among these publications revealed that the
largest connected cluster consisted of 203 items.
The network illustrated the relationships between
publications, with the distance between nodes indi-
cating their bibliographic relatedness and the node
sizes representing the frequency of citation occur-
rences within each publication.

Citation network and total link strength

of authors

We identified the 15 most influential researchers
on P. leptodactylus, ranked by publication output
and total citation count (Table 2). Harlioglu M. M.
ranked first in terms of publication count and ci-
tation performance, with 44 publications and 937
citations. He was followed by Vanherp F. (22 pub-
lications and 630 citations), Charmantier G. (19
publications and 503 citations) and Paolucci M.
(19 publications and 453 citations). Durliat M.,
Harlioglu A. G. and Maguire 1., with 17 publica-
tions each, were also among the highly productive
researchers. Furthermore, Kouba A. (16 publica-
tions, 370 citations), Mazlum Y. (16 publications,
168 citations) and Farhadi A. (15 publications, 191
citations) stood out as scientists who regularly con-
tributed to the field. The total number of citations
for researchers such as Kozak P. (15 publications,
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Fig. 5. Publications featuring P, leptodactylus with at least 20 or more citations in WoS between 1965 and 2023 (VOSviewer).

256 citations) and Parvulescu L. (12 publications,
325 citations) indicated that the scientific impact
of their work was supported by broad international
interaction.

Citation-network analysis and total link
strength among 1,844 authors, generated with
VOSviewer included authors with at least five pub-
lications (Fig. 6). The minimum number of cita-
tions for an author was calculated as one. For each
author, the total strength of citation connections to
other authors was calculated and the authors with
the largest total link strength were selected. It was
calculated that some of the 65 authors in the net-
work were not connected to each other and the larg-
est connected item cluster consisted of 61.

Most productive authors and affiliations

According to WoS data, in 822 studies conducted
from 1965 to the end of the 2023, Harlioglu, Mu-
zaffer Mustafa contributed the highest number of
publications (n = 45), followed by Van Herp, F. (n
= 23), as well as Paolucci Marina and Charman-
tier Guy, each with 19 publications (Fig. 7). The
top ten affiliations with the most publications on
P. leptodactylus included contributions from 601
institutions worldwide (Fig. 8). The Firat Univer-
sity (Tiirkiye) was the leading institution with 73
publications, followed by the Centre National De
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Table 2. Publication performance and citations of the 15
most influential researchers publishing on P. leptodacty-
lus in WoS (1965-2023).

R Publi- | ¢y,
ank Authors ccz(l)tl:(l)lltl tions
1 |Harlioglu Muzaffer Mustafa| 44 937
2 Vanherp Francois 22 630
3 Charmantier Guy 19 503
4 Paolucci Marina 19 453
5 Durliat Michele 17 220
6 Harlioglu Ayse Giil 17 292
7 Maguire Ivana 17 428
8 Kouba Antonin 16 370
9 Mazlum Yavuz 16 168
10 Kozak Pavel 15 256
11 Farhadi Ardavan 14 191
12 Vranckx Roger 14 173
13 Berber Sel¢uk 13 156
14 Giulianini Piero Giuliu 12 221
15 Parvulescu Lucian 12 325
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Fig. 6. Citation network of authors’ total link strength in studies on P. leptodactylus in WoS between 1965 and 2023

(VOSviewer).
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Fig. 7. Top 10 most productive authors involved in WoS publications on P. leptodactylus between 1965 and 2023.

La Recherche Scientifique CNRS (France) with 45
publications and the University of South Bohemia
Ceske Budejovice (Czech Republic) with 26 pub-
lications.

Discussion

The temporal trend in publications on P. leptodac-
tylus did not follow a linear trajectory but rather
a fluctuating pattern shaped by multiple external

and internal factors. The gradual increase from
the 1980s onward reflects a growing recognition
of the ecological and economic relevance of the
species, while the notable surge in the 2000s and
2010s suggests an expansion of research oppor-
tunities and heightened scientific interest. The
subsequent decline after 2020 may be linked to
shifts in national and international research fund-
ing priorities, regulatory and environmental policy
changes or broader global challenges such as pan-
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Fig. 8. Top 10 affiliations involved with the most WoS publications on P. leptodactylus between 1965 and 2023.

demics and economic instabilities. Together, these
patterns highlight the dynamic interplay between
scientific inquiry, socio-political contexts and eco-
logical developments in shaping research on P,
leptodactylus.

Complementing these temporal dynamics, the
disciplinary distribution of publications on P. lepto-
dactylus highlighted the species’ cross cutting rel-
evance across biology, ecology and environmental
sciences. Crayfish studies are especially prominent
in the categories of Fisheries, Marine and Fresh-
water Biology and Zoology (Fig. 2). These areas
emphasise the importance of research for under-
standing ecosystem health, biodiversity and trophic
interactions in aquatic habitats. Crayfish species
have been attracting broad research interest because
they influence ecosystem balance both as economi-
cally valuable resources and as potential invasive
organisms (Gherardi 2011, Manfrin et al. 2019,
Madzivanzira et al. 2022). Moreover, their habitat
preferences, environmental sensitivity and role as
bioindicators strengthen their relevance to envi-
ronmental monitoring and freshwater conservation
(Souty-Grosset et al. 2006, Reynolds et al. 2013).
Consequently, studies on crayfish have contributed
essential knowledge for sustainable management
and protection of freshwater ecosystems.

The analysis of publication types further dem-
onstrated the structural diversity of research in this
field. Original scientific articles dominated, sup-
ported by numerous conference proceedings that
reflected an active scholarly exchange network. The
presence of review articles, meeting abstracts, book
chapters, notes and corrections demonstrated both
the breadth of contribution and the presence of ro-
bust academic oversight mechanisms. Moreover, the
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transformation of symposium abstracts into peer-
reviewed publications underscores the continuity
from preliminary dissemination to validated scien-
tific output. Collectively, these patterns suggest that
research on P. leptodactylus is grounded in empiri-
cal studies, while fostering theoretical reflection and
applied discussion indicators of a maturing research
discipline.

The visibility and reach of studies on P. lep-
todactylus are further reflected in its journal distri-
bution. Publications were found in a diverse array
of reputable journals, highlighting both disciplinary
depth and interdisciplinary relevance. The Knowl-
edge and Management of Aquatic Ecosystems
(KMAE) journal stood out as the leading outlet with
its transition to English in 2008 markedly enhancing
international visibility. Meanwhile, the Comparative
Biochemistry and Physiology Part B emphasised bi-
ochemical and molecular perspectives, whereas the
Journal of Experimental Biology and Aquaculture
reflected on biological and applied aquaculture as-
pects. Additional journals, such as Crustaceana and
Aquaculture Research, underscored the importance
of crayfish studies to biodiversity conservation, eco-
system management and aquaculture innovation.
The wide variety of journals illustrates that research
on P. leptodactylus bridges fundamental and applied
sciences within aquatic biology.

In parallel with this disciplinary breadth, the
scientific influence of studies on P. leptodactylus
varied widely. Highly cited publications, such as Pe-
queux (1995), Duysens et al. (2000) and Magnus et
al. (1994) have had a substantial impact on the field.
Pequeux (1995) provided significant insights into
osmoregulatory mechanisms in crustaceans, which
are essential for ecological studies and aquaculture
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practices. Similarly, Duysens et al. (2000) contrib-
uted to understanding crayfish neurobiology and
Magnus et al. (1994) advanced knowledge of physi-
ological adaptations, offering comparative models
applicable across broader taxa. These publications
have guided later studies and shaped methodologi-
cal approaches across related taxa. Conversely, less
cited papers (e.g., Alekhnovich & Kulesh 1996, Va-
sileva et al. 2017) often addressed specialised sub-
topics that, while narrow in scope, contributed valu-
able detail to niche areas of crayfish biology. Such
variation in citation impact reflects the multidimen-
sional nature of the field, where both broad concep-
tual works and focused empirical studies play essen-
tial roles in advancing cumulative understanding.

A small number of highly influential contribu-
tors anchored extensive collaboration networks.
Harlioglu M. M. clearly stood out with 44 publica-
tions and 937 citations, highlighting the importance
of Tiirkiye’s scientific contribution in this field. The
studies of Vanherp F., Charmantier G. and Paoluc-
ci M. showed that European scientists also have
had a great contribution to the topic. On the other
hand, the productivity of names such as Harlioglu,
A. G., Maguire 1., Kouba A. and Kozak P. suggests
that research on P. leptodactylus has a multicentred
structure and that different ecological, biological
and breeding themes are being developed through
interdisciplinary collaborations. These authors con-
tribute interdisciplinary diversity and geographi-
cal breadth. Their collective output highlights how
personal expertise and long-term participation have
shaped the evolution of P. leptodactylus research.
The above reveals that interest in the ecological im-
portance and economic value of the species has per-
sisted for many years and that a strong scientific net-
work has been established between research groups
in Tiirkiye and Europe.

Institutional distribution patterns further illu-
minated the geographic organisation of this research
field. A total of 601 institutions worldwide had con-
tributed to studies on P. leptodactylus within the
study period. Among them, Firat University (Tiirki-
ye) emerged as the leading contributor, reflecting its
sustained investment in crayfish research. The Cen-
tre National de la Recherche Scientifique (CNRS,
France) and the University of South Bohemia in
Ceské Budgjovice also ranked highly, highlighting
the concentration of expertise in European research
centres. Although Tiirkiye and France dominated in
terms of publication output, the broad global insti-
tutional participation demonstrated the worldwide
ecological and economic significance of P. lepto-
dactylus.

The global distribution of contributors high-
lights the field’s international and interdisciplinary
character. Furthermore, the presence of researchers
such as Farhadi A., Berber S., Vranckx R., Parvules-
cu L., Aksu O. and Khodabandeh S. signals robust
collaboration across continents and scientific disci-
plines. Their steady publication output and integra-
tion into citation networks reflect both continuity
and expansion within the global crayfish research
community. Together, these patterns reveal that re-
search on P. leptodactylus has evolved into a mature,
multidisciplinary and internationally connected do-
main that contributes to sustainable aquatic ecosys-
tem management and biodiversity conservation. Our
study demonstrated a steady increase in the number
of publications on P. leptodactylus over the years,
alongside a wide geographical distribution of re-
search outputs. The findings revealed that Tiirkiye
has produced the highest number of studies on this
species between 1965 and 2023, while European
researchers, particularly those based in France and
Germany, have also made noteworthy contributions.
The growing scientific interest in P. leptodactylus
can be attributed to its ecological functions, invasive
potential and economic importance. Furthermore, it
was concluded that interdisciplinary and interna-
tional collaborations have played a crucial role in
advancing current knowledge on crayfish ecology
and biology, thereby providing essential insights for
the sustainable management of aquatic ecosystems.
Looking ahead, strengthening collaborations with
countries that currently have limited research out-
put is expected to broaden the scope and diversity of
studies and to generate valuable contributions to the
scientific literature.

The economic and applied dimensions of this
research provide another crucial link: P. leptodac-
tylus is both an ecologically valuable and commer-
cially important species (Harlioglu 2008, Harlioglu
& Harlioglu 2005, Aydin et al. 2012). Its promi-
nence in aquaculture and fisheries management has
stimulated extensive applied research. The species
currently ranks fifth in global crayfish production
(Ozturan et al. 2022, Nuc et al. 2023). Aquaculture
programmes aim to restore or supplement declining
native populations affected by crayfish plague, often
through broodstock management, habitat restoration
and controlled restocking (Kokko et al. 2012, 2018).
Accordingly, recent studies have focused on improv-
ing reproductive efficiency and optimising cultiva-
tion techniques (Harlioglu et al. 2014, 2017, Farhadi
etal. 2018, Farhadi & Harlioglu 2019). These efforts
bridge fundamental biological research with applied
fisheries management and conservation strategies.
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The bibliometric analysis revealed important
research gaps, particularly regarding issues such as
overfishing, disease and the improvement of breed-
ing and aquaculture yields. While interdisciplinary
and international collaborations are essential to
broaden the scope of studies, certain critical top-
ics remain underrepresented. Notably, despite the
economic significance of P. leptodactylus, there are
still a limited number of studies focusing on en-
hancing breeding and rearing efficiency. Therefore,
future research should prioritise improving culture
conditions, which would not only expand scientific
knowledge but also support sustainable aquaculture
practices.

Conclusion

This bibliometric analysis provides the first com-
prehensive overview of global research trends on
Pontastacus leptodactylus, revealing the temporal
progression, geographic distribution, dominant re-
search themes and collaboration networks shaping
the field. The results highlight the strong scientific
contributions from Tiirkiye and European countries,
alongside a growing but uneven global research
landscape. By identifying influential authors, lead-
ing institutions and underexplored research areas,
this study offers a foundation to better understand
how knowledge on P. leptodactylus has developed
over time. Strengthening international collabora-
tion and expanding research focus to address critical
gaps in aquaculture efficiency, disease management
and conservation will be essential for ensuring sus-
tainable management of this ecologically and eco-
nomically significant crayfish species.
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