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Abstract — During the last two centuries, native noble crayfish (Astacus astacus) has been introduced and
re-introduced into many waters in Finland, to widen the area of distribution, and to re-establish the collapsed
populations. Recent studies have revealed narrowed genetic diversity in A. astacus populations, especially
in North Europe, due to crayfish plagues and due to the past translocation policies with numerous
introductions also with small number of individuals. However, preliminary data based on the microsatellite
like-repeat variation in ITS1 (Internal Transcribed Spacer 1) have indicated also genetic heterogeneity
among Swedish and Finnish populations. In this study, the genetic diversity of 38 Finnish 4. astacus
populations was analysed based on variation in ITS1 region. Stocking histories of populations were obtained
from official records and from local fishermen. Eighth out of 38 populations showed divergence in paired
comparison with other analysed populations (Population Divergence Test, p < 0.05) indicating either
possibility of autochthonous origin or donor. Potential autochthonous populations, as well as refugee areas
within original distribution range and within designated protection area, should be further distinguished and
monitored to maintain the remaining genetic diversity of the populations.

Keywords: Indigenous species / introduction / natural distribution area / biodiversity / autochthonous population /

protection area

1 Introduction

Noble crayfish (Astacus astacus) has a threatened
conservation status throughout Europe (Jussila and Edsman,
2020). In Finland the conservation status was updated from
vulnerable (Edsman et al., 2010) to endangered (IUCN Red
List status; EN A2a,b,c,e) (Hyvirinen ef al, 2019), but the
species is still exploited. The original distribution area of noble
crayfish, with the northern distribution limit being roughly at
62°N latitude after the last glaciations (Nylander, 1859; Helle,
1904; Jarvi, 1910), has spread northward (Ruokonen et al.,
2023). This spread has been aided by anthropogenic establish-
ments as several translocations have been made into many new
water bodies up to the latitude 68°N (Westman, 1973; Souty-
Grosset et al., 2006; Pursiainen and Rajala, 2009). The
translocations have been typical in all Nordic countries, where
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some exploitable stocks still exist, and the more recent
stocking programs have been initiated to stop the declining of
populations (Jussila and Mannonen, 2004; Paaver and Hurt,
2009; Dannewitz et al., 2021). As a result, a total of 2.4 million
noble crayfish have been introduced or reintroduced into more
than 1 000 water bodies between 1989-2021 in Finland
(Ruokonen et al., 2023). In addition, numerous not recorded
stockings have also occurred.

A National Crayfish Strategy, implemented by the Finnish
Fisheries Authority first in 1989 (Kirjavainen, 1989) and renewed
in 2000 (Mannonen A, Halonen T, TE-keskusten tyoryhma,
2000), in 2013 (Ministry of Agriculture and Forestry, 2014), in
2019 (Erkamo et al., 2019) and in 2023 (Ruokonen ef al., 2023),
has guided the management and conservation of noble crayfish,
and defined and re-defined the geographical limits for previously
licensed introductions of alien signal crayfish (Pacifastacus
leniusculus). Stockings and farming of signal crayfish were
banned in 2014 in European Union legislation (EU Regulation on
Invasive Alien Species 1143/2014), entered into force in 2015
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together with the national regulation and implement to the national
crayfish strategy in 2019 in Finland (Erkamo et al., 2019).
However, these national strategies are without any legislative
force, and the nature of these strategies has received criticism from
stakeholders (Ruokonen et al., 2018; Jussila and Edsman, 2020;
Jussila et al., 2021).

National Crayfish Strategy 2023-2032 (Ruokonen et al.,
2023) defines the protection areas to preserve the noble
crayfish populations (i.e., water basins without known signal
crayfish), and the management area that includes the water
basins currently with signal crayfish. Current distribution of
alien signal crayfish is remarkably overlapping with the
original distribution range of noble crayfish (Ruokonen et al.,
2023). Numerous illegal stockings of signal crayfish, along
with crayfish plague (dphanomyces astaci) outbreaks, have
caused ongoing threat for the noble crayfish populations
(Westman, 1991; Jussila and Mannonen, 2004; Souty-Grosset
et al., 2006; Pursiainen, 2012; Ruokonen et al., 2018; Jussila
and Edsman, 2020; Jussila e al., 2021; Ruokonen et al., 2023).
In addition, changes in the fragile aquatic habitat can cause
increased mortality, emigration, reduction in growth rate and
production, and problems in reproduction for noble crayfish
(Mannonen and Westman, 1998).

Previous studies concerning the noble crayfish genetic
diversity in Finland are based on the microsatellite-like
repeat located in the internal transcribed spacer 1-region
(ITS1) indicating some genetic heterogeneity and charac-
teristic fragmentation (Alaranta et al., 2006, see also
Edsman et al., 2002; Alaranta et al., 2011a), and on the
novel microsatellites showing some genetic heterogeneity
(Gross et al.,, 2013). However, these studies are focused
more to the development of the genetic analyses and
included only limited number of Finnish populations. In
addition to these data, the mitochondrial cytochrome
oxidase I (COI) gene was used to assess genetic diversity
of a total of 55 Finnish populations; however, no genetic
variation was observed (Makkonen et al., 2015), and the
single haplotype detected from all analysed individuals was
the most common found in whole Europe (Schrimpf ef al.,
2011; Schrimpf et al., 2014). The colonization history and
human translocations show significant role in noble crayfish
populations in Fennoscandia. It has been suggested that the
postglacial recolonization of Fennoscandia involved two
independent colonization events following separate
routes from a common refugium in south-eastern Europe
(Dannewitz et al., 2021; see also Schrimpf et al., 2014,
Gross et al., 2021). In Europe, populations have experienced
significant declines, caused by anthropogenic pressures on
the habitats, together with climate change and the spread of
invasive species (Lovrenéi¢ et al.,, 2022). However, except
study based on the COI haplotype variation (Makkonen
et al., 2015), the previous studies have not comprehensively
covered the distribution range of noble crayfish in Finland,
and therefore implications to the conservation and manage-
ment have mostly been lacking.

The aims of this study are 1) to assess the genetic diversity
of noble crayfish in Finland based on ITS1 microsatellite-like
repeat variation, and 2) to assess the possible existence of
autochthonous populations with implications for the future
conservation and management of the species in Finland.

2 Materials and methods
2.1 Samples

Noble crayfish samples were collected by trapping, in
collaboration with local fishermen, during the crayfish trapping
seasons (from late July to late October) in 2004. In addition,
previously collected samples from Lake Iso-Lauas population
(sampling year 1995) and Lake Méntyjérvi population (1997)
were also included to this study. The stocking histories of the
populations were obtained from the local fishermen, govern-
ment’s fisheries authority and from the literature. A total of 1140
individual samples (10-69 crayfish from each site), were
collected and analysed from a total of 38 water systems (Fig. 1,
Tab. 1). Nine populations were locating within original
distribution area below latitude 62°N (Jarvi, 1910) while 29
populations were located in more northern areas (Tab. 1). A total
of eight populations were from a drainage basin within a current
protection range (Ruokonen et al., 2023) and one out of those
was locating within original distribution area (Fig. 1, Tab. 1).

2.2 DNA extraction

Individual DNA was extracted from the walking leg muscle
removed by using sterile wooden toothpick by using protocol
described in Alaranta et al. (2006). DNA concentration was
measured using spectrophotometer (NanoDrop®™ ND 1000)
and DNA extractions were stored at — 70 °C.

2.3 PCR, ITS1 fragment analysis and Population
Divergence Test (PDT)

PCR was performed using the primers AsalF (5’-tca ctc
cgt cag cag tga gtc get- 3°; Cy-5 labelled) and AsalR (5°- gag
tca aga cgt gea gec tag gee ¢-3”) (Edsman et al., 2002), ranging
fragment sizes from 162 bp to 216 bp. Laboratory protocol and
PCR reaction are described in Alaranta et al. (2006). In ITS1
fragment length analyses the PCR products were loaded to the
Hydrolink Long Read 6% gel and the fragment lengths were
separated by using ALFexpress automated sequences. CY-5
labelled external size markers (50-250 bp in 50 bp intervals)
and two internal size markers (50 bp and 250 bp) were used.
Fragment sizes were determined by using ALFwin Fragment
Analyser (Pharmacia Biotech).

The population Divergence Test (PDT) measures differ-
ences between populations based on the frequencies of the
fragments, and it produces probabilities (p-values from 0 to 1)
expressing the difference between two populations in paired
comparison (p-values < 0.05), identical populations having
p-value 1. PDT is described more detailed by Edsman et al.,
(2002). PDT was performed in the Laboratory of Molecular
Systematics (Swedish Museum of Natural History, Sweden).

3 Results

3.1 Genetic analyses

The amplified ITS1 fragment lengths varied from 168 bp to
216 bp. The following local fragments were observed from
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Fig. 1. Geographical distribution of 38 sampled noble crayfish populations. Eight populations with p-values < 0.05 (PDT) in paired comparison
(see Tab. 3) are marked with circle, and eight populations locating in the protection area (Ruokonen ef al., 2023) are marked with asterisk (*).

Map © Maanmittauslaitos.

only one population: fragment of 214 bp (frequency of 3%,
Lake Viitajérvi), fragment of 172 bp (frequency of 7%, Lake
Mintyjarvi), fragment of 180 bp (frequency of 4%;
Lake Saimaa) and fragment of 216 bp (frequency of 19, Lake
Linkullasjon) (Tab. 2).

Numbers of different fragments in a fragment profile
varied from five (Lake Ahvenlampi) to 13 (Lake Saimaa)
within populations and relative frequency of samples with
unique fragment profiles within population from 17% (Lake
Ahvenlampi) to 88% (Lake Saimaa) (Tab. 2).

According to PDT, the following eight populations differed
(p-values < 0.05) from the other assessed populations in paired
comparison: River Perhonjoki, Lake Ahvenlampi and Lake
Suuri-Hein&jérvi, all locating within the protection area (see
Ruokonen et al., 2023) but outside of the original range, Lake
Koivujéarvi and River Kasijoki locating in the management
area outside of the original range, Lake Suuri-Vahvanen and
Lake Koylionjarvi locating within the original distribution
area, and finally Lake Linkullasjon locating within the original
distribution area and in the current protection area (Fig. 1,
Tabs. 2 and 3). The remaining 30 populations showed no
statistically significant differences (p-values > 0.05) in paired
comparison with one (e.g., River Pajakkajoki together with

seven populations) or up to 12 populations (Pond Valkeinen)
(Tabs. 2 and 3).

4 Discussion

The determination of genetic structure, e.g., ITS-finger-
prints, of natural and managed populations forms a basis for
conservation genetics that generally aims to conserve and
restore the biodiversity (Coates et al., 2018). Genetically
different populations are suggested as candidates for special
management efforts to prevent the loss of unique genetic
variants (Dowling and Childs, 1992). Therefore, management
strategies are, or should be, focused to preserve genetic
diversity within populations while separate stocks are
recommended to be managed as distinct conservation units
(Souty-Grosset et al., 1997). Considering the conservation and
management of noble crayfish, the local populations may be
better adapted to their local environment and introduction of
genetically different individuals could adversely alter the gene
pool (Souty-Grosset et al., 1997).

The populations with naturally high levels of genetic
variation are thought to be capable to adapt more successfully
to environmental changes while lack of genetic variation
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Table 2. Population Divergence Test (PDT) results based on ITS1 microsatellite-like repeat variation; populations with no statistical difference
(PDT p > 0.05) in paired comparison (see p-values in Tab. 3.), and relative frequency (%) of different ITS1 fragment profiles within population,
total number of fragments within population and local fragments (bp) if detected with the frequencies.

Population

Populations with no statistically

significant difference
(PDT, p > 0.05)
in paired comparison

Relative frequency of
samples with different
fragment profiles

Total number of
fragments detected
in population

Local fragments (bp)
and frequencies (%)

within population (%)

Established populations, located above 62°N

1. River Sirkkakoski 2, 20, 26 40
2. Lake Jokijarvi 1, 14 22
3. River Perhonjoki - 43
4. Lake Pyhajérvi 9,15, 18, 24, 34 40
5. River Pajakkajoki 12 57
6. Lake Koivujérvi - 30
7. Lake Viitajérvi 8,9, 15, 17, 24, 25, 26, 31 40
8. Lake Saarinen 7, 15, 24, 25, 26 40
9. Lake Horonjarvi 4,17, 15, 20, 24 48
10. Lake Rytky 17 60
11. River Siilinjoki 13, 17, 37 33
12. Lake Maintyjarvi 5, 14, 20 60
13. River Pisankoski 11, 17 50
14. Pond Pohjanlampi 2,12, 15, 17, 24, 26, 30 73
15. Pond Valkeinen 4,7,8,9, 14, 17, 20, 23, 24, 40
25, 26, 37
16. River Kasijoki - 31
17. Lake Iso-Lauas 7, 10, 11, 13, 14, 15, 21, 23, 63
25, 26, 31
18. Lake Valkeinen 4,23, 34 40
19. Lake Ilvesjarvi 22 46
20. Lake Pyhtdédnjarvi 1,9, 12, 15, 24 40
21. Lake Ala-Siili 17, 33 50
22. Lake Suuri-Pollakka 19 30
23. Lake Yli-Kintaus 15,17, 18 60
24. Lake Ala-Kintaus 4,7,8,9, 14, 15, 20, 25, 26 57
25. Lake Riihijérvi 7, 8,15, 17, 24, 35 68
26. River Pitkdjoki 1,7, 8, 14, 15, 17, 20, 24 58
27. Lake Ahvenlampi - 17
28. Lake Suuri-Heindjarvi - 27
29. Lake Yla-Luotojérvi 34 30

Populations within natural distribution area below 62°N latitude

30. Lake Kitere 14 50
31. Lake Séinionjérvi 7,17, 43
32. Lake Suuri-Vahvanen - 40
33. Lake Yla-Sdynatjarvi 21 33
34. Lake Hosusjarvi 4,18, 29 60
35. Pond Mikkolanjarvi 25 56
36. Lake Koylionjarvi - 63
37. Lake Saimaa 11, 15 88
38. Lake Linkullasjon* - 53

(=]
|

214 bp, 3%

(=]

172 bp, 7%

(=)

~N 3 3 = 00 = 00 N0 0 X0 0O O —

o
I

NN 00 0= 00
|

180 bp, 4%
216 bp, 19%

AN —= = 00NN N N\©O
|

makes populations more vulnerable (Grandjean and Souty-
Grosset, 2000). In addition, introductions by using small
number of individuals can cause a strong bottleneck effect, and
small populations are most likely to be affected by the loss of
genetic variation due to the excessive harvest because of their
small effective population size (Ryman et al., 1995).
Knowledge of genetic and geographical origin is a key for
effective conservation and sustainable exploitation. The lack
of knowledge on the genetic structure may lead to the genetic

contamination or homogenization of local populations
(Largiader et al., 2000; Gross et al., 2017) and for the noble
crayfish this has been already seen in other Baltic Sea area
countries (Gross et al., 2013; Dannewitz et al., 2021; Gross
et al, 2021).

In our study, a total of 30 out of 38 analysed populations
showed no genetic difference with one or up to 12 populations in
paired comparison. These results support the previous findings,
based on COI-gene haplotype variation (Makkonen ez al., 2015)
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and microsatellites (Gross et al., 2013; Dannewitz et al., 2021),
indicating, in general, that the genetic diversity of noble crayfish
in its northern distribution range, including Finland, is
remarkably narrow due to the homogenizing effect caused by
past crayfish introduction policies.

Interestingly, we were able to detect a total of eight noble
crayfish populations that had statistically significant difference
with all other analysed populations indicating as least some
level of remaining heterogeneity. This finding might be,
depending on the location of the population, also an indication
of an autochthonous origin or autochthonous donor. Never-
theless, due to the introduction policy in the past the
determination of autochthonous origin is not always unam-
biguous. It should be noted that stocking histories in Finland
are impossible to assess comprehensively, as noble crayfish are
inhabiting thousands of waters, and millions of individuals
have been introduced. Our results here, however, could be used
as a base for future analyses.

Criteria for determination of an autochthonous origin
suggested here, based on the background information and
results of this study, are 1) population is locating within
original distribution range e.g., below the 62°N latitude (Jarvi,
1910), 2) statistically significant genetic difference with other
analysed populations and 3) history of the populations
observed from fisheries authority and local fishermen reveals
no anthropogenic disturbance, e.g., introductions. The present
data supports our preliminary findings (Alaranta et al., 2006)
indicating Lake Linkullasjon population being possible solely
autochthonous or it was established from autochthonous donor
population since its location within original distribution area.
In addition, Lake Koylionjarvi and Lake Suuri-Vahvanen
populations are locating within original distribution area but
with some known anthropogenic disturbance. In addition,
River Perhonjoki, Lake Ahvenlampi, Lake Suuri-Heindjarvi,
Lake Koivujarvi, River Kasijoki populations are located
outside of the original noble crayfish distribution range and
therefore they are most likely established.

We were also able to detect variation within populations, as
for example majority of Lake Saimaa individuals (88%)
showed individual fragmentation and the population showed
the highest number of detected fragments. This is possibly due
to the effect of one or multiple stockings of the presence of
subpopulations due to the size of the water area (Lake Saimaa,
4 400 km?, one sampling site). In addition, Lake Ahvenlampi
individuals were most homogenous: 83% of samples showed
the identical fragmentation and the lowest number of detected
fragments within population indicating a bottleneck effect as a
possible consequence of establishing population with a low
number of individuals from a single donor population.
Individuals displayed distinctly different fragment patterns
also within Swedish populations in previous analyses (Edsman
et al., 2002). Harris and Crandall (2000) found considerable
intragenomic variation in the genera Procambarus and
Orconectes (Faxonius), even to the extent that variation
within individuals exceeded that between different species.

In this study local e.g., private fragments, as described in
Alaranta et al. (2006), were found from five populations with
frequencies varying from 3% to 7%, except in Lake
Linkullasjén, where local fragment frequency was 19%.
Fragment of 214 bp (Lake Viitajdrvi) was neither observed in
other populations in Sweden nor in Estonia (Edsman ez al., 2002;

Alaranta et al., 2006). The fragment of 180 bp present in
Lake Saimaa has earlier been found in some Estonian
samples (Alaranta et al., 2006) and in one population from
Montenegro (Edsman et al., 2002), while 172 bp present in Lake
Mintyjarvi has been found in one Swedish and Estonian
population, and 216 bp (Lake Linkullasjon) in one Estonian
population (Alaranta et al., 2006). Shared fragments are one
indication of shared origin and sign of human-made transloca-
tion. The presence of local fragments is interesting, however, as
seen here the existence is highly dependent of the number of
populations compared.

Historical information proved to be extremely valuable
when assessing the genetic data, however, it is usually lacking
from the official records. According to our data, Lake
Linkullasjon shows divergence in paired comparison, presents
a local fragment and approximately 50% of the samples share
the same fragmentation. Lake Linkullasjon is a privately
owned small lake (60ha) in South Finland (noble crayfish
natural range) with good availability of historical information
provided by the owner of the property. Based on the location
and known history of Lake Linkullasjon as well as on the base
of our previous (Alaranta ef al., 2006) and current results, we
suggest that population in Lake Linkullasjon might be of an
autochthonous origin. However, individuals from Lake Link-
ullasjon share a local fragment with Estonia samples (Alaranta
et al., 2006), and according to microsatellite analysis made by
Gross et al. (2013) Lake Linkullasjon population tended to be
genetically similar to Swedish populations rather than other
analysed Finnish populations, indicating Swedish origin.
Transfers of crayfish are known to have occurred across the
Baltic Sea in both directions (Alm, 1929; Edsman, 2004). As a
second example, established Lake Iso-Lauas population
(Oksman and Lindqvist, 1977) shows no difference with 10
populations in paired comparison with geographical distant
populations (distances varying from 20 km to 200 km). Results
from Lake Iso-Lauas population indicate anthropogenetic
effects due to the absence of local fragments and prominent
level of individual fragmentation (63% of samples). According
to local fishermen, prior crayfish plague outbreaks in 1996 and
2000 (Mannonen et al., 2006), Lake Iso-Lauas had produced a
massive number of crayfish not reaching the consumable size
of >10 cm (total length). Best catchments, with no consumable
value, were up to 1 000 crayfish/day/fishermen. Therefore tens
of thousands of small sized crayfish were sold for stocking;
however, this data (Lake Iso-Lauas population acting as a
donor) is totally lacking from the official stocking records
(Korhonen, 2010).

Most common method of managing crayfish population
has been, and still is, stockings: introduction to new areas,
reintroductions to the areas where they have become extinct
and restocking to boost existing populations. As perspective in
the species level conservation, the creation of large-scale
conservation areas has been discussed in Scandinavian
countries (Mannonen and Westman, 1998; Mannonen et al.,
2000; Edsman and Schroder, 2009) and launched also in
Finland (Ministry of Agriculture and Forestry, 2014; Erkamo
et al., 2019; Ruokonen et al., 2023). However, the current
protection area in Finland is mainly outside of the original
distribution range (Ruokonen et al., 2023), and the conserva-
tion efforts are focused now more on species, not on
genetically distinct populations. In Europe, among the
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Table 3. The results from the Population Divergence Test (PDT). Numbers present p-values for probability of difference between the tested
population pairs. Differences (p-values < 0.05) are highlighted in grey.

Population no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
River Sirkkakoski 1 1

Lake Jokijarvi 2 0,314 1

River Perhonjoki 3 1

Lake Pyhajarvi 4 1

River Pajakkajoki 5 1

Lake Koivujarvi 6 1

Lake Viitajarvi 7 1

Lake Saarinen 8 0117 1

Lake Horonjérvi 9 0,112 0,087, 1

Lake Rytky 10 1

River Siilinjoki 11 1

Lake Méntyjarvi 12 0,429 1

River Pisankoski 13 0,339 1

Pond Pohjalampi 14 0,068 0,071, 1

Pond Valkeinen 15 0,191 0,172 0,148 0,092 0,197 1

River Kasijoki 16

Lake Iso-Lauas 17 0,120 0,088 0,072 0,068 0,484 0,103/ 1

Lake Valkeinen 18 0,200, 1

Lake llvesjarvi 19 1

Lake Pyhtdanjarvi 20 | 0082 0,159, 0,145, 0,191, 1

Lake Ala-Siili 21 0,086, 1

Lake Suuri-Pollakka 22 0,057, 1

Lake Yla-Kintaus 23 0,066 0,135 0,770 1

Lake Ala-Kintaus 24 0,287, 0,543 0,443 0,247 0,058 0,548, 0,075, 1

Lake Riihijarvi 25 0,117 0,063 0,291 0,125 0,416 1

River Pitkajoki 26 0,247 0,225 0,165 0,145 0,206 0,087 0,341 1

Lake Ahvenlampi 27 1

Lake Suuri Hein&jarvi 28 1

Lake YIa-Luotojarvi 29 1

Lake Kitere 30 0,224 1

Lake Séinionjarvi 31 0,100 0,090 1

Lake Suuri-Vahvanen 32 1

Lake YI&-Saynatjarvi 33 0,072 1

Lake Hosusjarvi 34 0,15 0,140, 0,087 1

Pond Mikkolanjarvi 35 0,119 1

Lake K8yliénjarvi 36 1
Lake Saimaa 37 0,023 0,072, 1
Lake Linkullasjon 38 1

established populations the idea of catchment-specific gene
pool is supported (Weiss et al., 2002; Schrimpf et al., 2014).
Therefore, each catchment could be managed as a distinct unit
in the original area of distribution while known established
populations, located outside of the natural range, could be
managed as one unit. As suggested by Vrijenhoek et al. (1985),
genetically similar populations should be concerned and
treated as a single population in management purposes.
Ideally, especially for conservation purposes, suitable
habitat for introduction or re-introduction is geographically
isolated location from other surface waters and human
activities within natural dispersal range of the species (Peay,
2009; Alaranta et al., 2011b; Reynolds and Souty-Grosset,
2012). In addition, smaller refugee areas e.g., ark-sites,
locating in a natural range have been applied in Europe to
preserve indigenous freshwater crayfish populations (Holdich
et al., 2004; Peay, 2009; Souty-Grosset and Reynolds, 2009;
LovrenCi¢ et al., 2022). Idea of ark-sites has been taken
forward in United Kingdom (Sibley et al., 2007) and Ireland
(Horton, 2009) to protect white clawed crayfish (Austro-
potamobius pallipes), and in Finland to protect noble crayfish
in state-owned areas (Alaranta et al., 2010; Alaranta et al.,
2011b). This approach is also promoted in the current national
crayfish strategy in Finland (Ruokonen ef al., 2023). However,
this approach, which is claimed to be the most suitable for the
population level conservation, demands for detailed knowl-
edge of genetic structure of the donor populations (Holdich
et al., 2004; Peay, 2009; Souty-Grosset and Reynolds, 2009)
and, as shown in this study, sufficient background information
of the donor population. Also, more information is needed
about suitable refugee habitats in original distribution area

including existing conservation areas e.g., national parks as
suggested by Alaranta et al. (2010), with the existence of noble
crayfish within those waters. In national parks, fishing and
other human activities are controlled or prohibited, and
therefore, the spreading of crayfish plague due to human
activity is highly restricted. However, further conversations
and involvement of all national stakeholders would be highly
needed to reach the comprehensive understanding to support
the coordinated actions to the future conservation and
management of noble crayfish in Finland.

As a conclusion, autochthonous populations still seem to
exist in Finland, at least in some special locations with limited
human interactions. Due to the anthropogenic disturbance and
associated signs of the narrowed genetic variation (Gross et al.,
2013; Makkonen et al., 2015; Dannewitz et al., 2021), we
suggest that in Finland noble crayfish population should
ideally be divided into catchment specific units, or if not
possible, at least into two main conservation and/or manage-
ment units; 1) native populations (within the original range, no
stocking) for conservation, and 2) established populations for
management. In addition, suspected autochthonous popula-
tions should be treated each as separate conservation units. For
more detailed grouping, the analyses by using novel micro-
satellites would be needed (Dannewitz et al., 2021; Gross
etal., 2021). In addition, it would be essential to better identify
autochthonous and native populations since the human made
translocations have caused remarkable unnatural genetic
mixing of the populations. As seen in the present data,
autochthonous populations e.g., population in the original
distribution area without any unnatural genetic disturbance,
seems to be very rare in Finland, while historical information is
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crucial for interpreting genetic data accurately. Secondly, due
to the lack of information of the occurrence of the species,
especially in the small size water bodies and subpopulations in
large water bodies, monitoring programs within original range,
designated protection area, and natural parks is highly
recommended. The new genetic tools, e.g., eDNA applications
(see Beng and Corlett, 2020; King ef al., 2022), have shown
potential in monitoring of aquatic systems in providing precise
information about distribution and population size (Bohmann
et al., 2014; Takahara er al., 2013). These tools have been
already tested in Finnish conditions with promising results
(Mikinen et al., 2021). In addition, combinations of methods e.
g., fine scale phylogenetics, population genetics with novel
microsatellites and species distribution modelling (Lovrencié
et al., 2022) might be possibly used to assist the conservation
actions needed. As a perspective of species conservation,
preserving genetic variation and biodiversity is crucial for the
evolutionary potential and sustainable exploitation of noble
crayfish. Despite advancements in genetic analysis and
genotyping methods, caution is needed due to potential risks
in data interpretation (Selkoe and Toonen, 2006). Utilizing
modern crayfish-specific population models is also recom-
mended (Koivu-Jolma et al., 2023). To secure the evolutionary
potential of noble crayfish stocks in Fennoscandia, it is
essential to preserve genetic variation and biodiversity, in
collaboration and involvement with all the national stake-
holders. This would provide a solid base for effective
conservation and potentially sustainable exploitation for the
future decades.
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