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1 Native Range and Status in the United States

Native Range
From Houghton and Allen (2014):

“P. leniusculus is distributed from British Columbia in Canada at the northern part of its range,
south to central California and east to Utah and Montana in the USA.”



From Procopio (2021):

“Pacifastacus leniusculus is a wide-ranging species native to the Northwestern United States
(Larson and Olden 2011). Much of the Signal Craytish’s presumed native range is found within
the Columbia River Basin. From the Columbia River’s lower estuary, the native range spans
northwest up the mainstem to tributaries that reach into Washington, Oregon, Idaho, and British
Columbia. The native range extends south from the Columbia River along Oregon’s coast where
the Klamath River and its drainages form its southern boundary (Miller 1960; Larson et al.
2012).”

Status in the United States
From Procopio (2021):

“Pacifastacus leniusculus is a wide-ranging species native to the Northwestern United States
(Larson and Olden 2011). Much of the Signal Crayfish’s presumed native range is found within
the Columbia River Basin. From the Columbia River’s lower estuary, the native range spans
northwest up the mainstem to tributaries that reach into Washington, Oregon, Idaho, [...]. The
native range extends south from the Columbia River along Oregon’s coast where the Klamath
River and its drainages form its southern boundary (Miller 1960; Larson et al. 2012).”

“Human mediated introductions have allowed Signal Crayfish (P. [. leniusculus,

P. . klamathensis, and P. [. trowbridgii) to expand their distributions into a variety of habitats
ranging from the warm coastal waterways of the Sacramento River Delta to the sub-alpine waters
of Lake Tahoe and Donner in California ([Lowery and Holdich] 1988; Larson et al. 2012; Larson
and Williams 2015). The Signal Crayfish (Pacfastacus I. leniusculus) has been introduced to and
is established in regions of Oregon, Washington, California, Nevada, [and] Utah, [...]. The
Columbia River Signal Crayfish (Pacifastacus l. trowbridgii) is also known to be established in
regions outside of its native range in Oregon, Washington, California and Nevada (Taylor et al.
2007). Based on the invasion history, it is likely that the distributions of P. leniusculus
subspecies have been augmented within their own proposed native ranges through additional
stockings (Larson and Olden 2011). For example, Signal Crayfish in Crater Lake, OR., were
historically restricted from entering the waterbody, but later stocked there in 1915 to provide
food for game fish previously introduced to the lake (Lowery and Holdich 1988; Girdner [et al.]
2018).”

USGS (2025) reports nonnative introductions of Pacifastacus leniusculus in Montana that
resulted in an established population, in Idaho with an unknown population status, and in

Minnesota that failed.

Dunker (2018) states that this species is established in Buskin Lake on Kodiak Island of Alaska.

Signal crayfish are available seasonally to purchase for consumption (e.g., Washington Crawfish
2021).



Regulations

Pacifastacus leniusculus is regulated in Alaska (ADF&G 2023). It is regulated at the family level
(Astacidae) in Arizona (Arizona Game and Fish Commission 2022), Georgia (State of Georgia
2023), New Mexico (NMDGF 2023), Nevada (Nevada Board of Wildlife Commissioners 2022),
Utah (Utah DWR 2023), and Wisconsin (Wisconsin DNR 2022). All species of crayfish are
regulated in Pennsylvania (PFBC 2022) and Minnesota (Minnesota DNR 2022), and species not
indigenous to New Hampshire (NHFG 2022) and Rhode Island (Rhode Island DEM 2022) are
regulated in those respective States. Please refer back to state agency regulatory documents for
details on the regulations, including restrictions on activities involving this species. While effort
was made to find all applicable regulations, this list may not be comprehensive. Notably, it does
not include regulations that do not explicitly name this species or its genus or family, for
example, when omitted from a list of authorized species with blanket regulation for all unnamed
species.

Means of Introductions within the United States
From Procopio (2021):

“Potential introduction pathways for P. leniusculus include stocking for harvest, the release of
crayfish used as live bait, and stocking as an additional food source for fish (Lowery and Holdich
1988; Lodge et al. 2000). [...] In both [California and Nevada], P. leniusculus was intentionally
stocked to enhance the forage available to fish (both native and nonnative), and to provide a
harvest fishery for residents (La Rivers 1962; Abrahamsson and Goldman 1970; Lowery and
Holdich 1988, Lodge et al. 2000).”

Remarks

This ERSS was previously published in June 2015. Revisions were completed to incorporate new
information and conform to updated standards.

From Procopio (2021):

“Pacifastacus leniusculus (Dana, 1852), which is part of the subgenus Pacifastacus, is divided
into three subspecies; leniusculus, klamathensis (Stimpson, 1857), and trowbridgii (Stimpson,
1857). Initially described as separate species, the similar, yet highly variable morphology shared
by these subspecies has challenged taxonomists for decades (Larson et al. 2012). Miller (1960)
was the first to describe these as subspecies of P. leniusculus. Genetic studies have since
identified P. . leniusculus and P. [. trowbridgii as being the most similar of the three subspecies,
while P. [. klamathensis is the most distinct (Agerberg and Jansson 1995).”

“The subspecies of Signal Crayfish are believed to have once been geographically isolated
populations (Hobbs [and Jass] 1988). Mixing due to the prevalence of early introductions, a lack
of historical records, and hybridization between subspecies has made describing their native
range and taxonomic status problematic (Hobbs [and Jass] 1988; Lowery and Holdich 1988;
Larson and Williams 2015). This has led the subspecies of Signal Crayfish to be commonly
regarded as a single species (Hobbs [and Jass] 1988). Genetic tests have begun to shed light on



this, but the extent of the native distributions of Signal Crayfish subspecies continues to be a
contested subject (Larson and Williams 2015).”

From NIES (2023):
“Import, transport and keeping are legally restricted in Japan.”

Pacifastacus leniusculus has been intentionally stocked outside its native range to achieve
fishery management objectives. Government fish and wildlife management agencies are
responsible for balancing multiple fish and wildlife management objectives. The potential for a
species to become invasive is now one important consideration when balancing multiple
management objectives and advancing sound, science-based management of fish and wildlife
and their habitat in the public interest.

Mention of commercial products in this Ecological Risk Screening Summary does not entail
endorsement by the U.S. Federal Government.

2 Biology and Ecology

Taxonomic Hierarchy and Taxonomic Standing
From ITIS (2023):

Kingdom Animalia
Subkingdom Bilateria
Infrakingdom Protostomia
Superphylum Ecdysozoa
Phylum Arthropoda
Subphylum Crustacea
Class Malacostraca
Subclass Eumalacostraca
Superorder Eucarida
Order Decapoda
Suborder Pleocyemata
Infraorder Astacidea
Superfamily Astacoidea
Family Astacidae
Genus Pacifastacus
Subgenus Pacifastacus
Species Pacifastacus leniusculus (Dana, 1852)

According to DecaNet eds. (2023), Pacifastacus leniusculus (Dana, 1852) is the current valid
name for this species.



Size, Weight, and Age Range
From Procopio (2021):

“The average Signal Crayfish attains a carapace length (CL) of 50-70 mm (Capurro et al. 2007).
[...] Pacifastacus leniusculus is both a fast growing and long-lived species. It’s known as one of
the fastest growing species of temperate zone crayfish ([Lowery and Holdich] 1988), and in
general, the highest growth rates are associated with populations which have recently invaded an
unexploited habitat (Hogger 1986). These rapid growth rates subside as populations establish and
densities surge, presumably because of increased competition for food and space (Hogger 1986).
[...] Hogger (1984) found that individuals from a population of P. leniusculus in southern
England had the potential to grow up to 62 mm CL in as few as three years when grown in ideal
conditions. Overall, the Signal Crayfish may survive up to 9 years or more when living in the
wild (Goldman and Rundquist 1977).”

From Houghton and Allen (2014):

“Male crayfish can reach a length of 16 cm, while females can only achieve a maximum size of
12 cm. Age at maturity varies from 1 to 3 years, and a life expectancy of up to 20 years is
possible.”

From GISD (2023):

“Based on the use of the lipofuschin technique it has been estimated that some individuals can
live 16 years, and other estimates state that it may be as long as 20 years. Some individuals may
grow to a large size, i.e. 95mm CL, but this may not represent a great age, but that of a fast-
growing newly introduced population that encounters little competition.”

Environment
From Houghton and Allen (2014):

“P. leniusculus can be found in a variety of habitats, from small streams to large rivers and
natural lakes. It is also known to occur in brackish waters along the Pacific Coast in salinities as
high as 20 ppt (Riegel, 1959). Its ability to tolerate water temperatures up to 33°C has allowed it
to prosper in many environments.”

From Procopio (2021):

“Pacifastacus leniusculus also occupies the saline and often turbid waters of major river deltas
(Shimizu and Goldman 1983). Wheatly & McMahon (1983) revealed via a laboratory study that
Signal Crayfish can occupy waterways with salinity as high as ~26 ppt (75% seawater), for
several days.”

“The Signal Crayfish occupies a range of habitats throughout its native and non-native
distribution (Goldman and Rundquist 1977; [Lowery and Holdich] 1988). Though P. leniusculus
prefers low gradient streams typical of agricultural low-lands in western Oregon (Avault 1973),
they inhabit both coastal and upland streams, lakes, and rivers (Lowery and Holdich 1988).



Signal crayfish can be found in habitats ranging from clear, shallow coastal streams (Lowery and
Holdich 1988), to major rivers with high turbidity (Ibbotson and Furse 1995), as well as
eutrophic and oligotrophic lakes and reservoirs ([Lowery and Holdich] 1988).”

Climate
From Houghton and Allen (2014):

“Temperate/Mesothermal climate”
From Procopio (2021):

“It’s known as one of the fastest growing species of temperate zone crayfish ([Lowery and
Holdich] 1988)”

Distribution Outside the United States

Native
From Houghton and Allen (2014):

“P. leniusculus is distributed from British Columbia in Canada at the northern part of its range,

[...]1”

A portion of the species’ native range is within the United States, see section 1 for a full
description.

Introduced
From NIES (2023):

“[Introduced to] Hokkaido, Fukushima, Shiga, Nagano, Tochigi and Chiba Prefs [Japan].”
From Houghton and Allen (2014):

“Pacifastacus leniusculus, [...] most widespread non-native crayfish in Europe. It has been
found in 28 territories in Europe since the 1960s [...]”

“In the 1960s, P. leniusculus was introduced into Europe and now occurs in many countries from
the UK and France in the west, to Russia in the east. A population near Inverness, Scotland
constitutes the limit of the species range in the northwest; the northern extent is Norway, Sweden
and Finland, while the southern extent is the Iberian Peninsula. There are also satellite
populations in Greece and Cyprus.”



Means of Introduction Outside the United States
From Procopio (2021):

“Beginning in the 1960’s, Pacifastacus leniusculus were imported to Sweden and introduced
throughout Europe in an attempt to establish a plague resistant species that would supplement
stocks decimated by the crayfish plague.”

From NIES (2023):

“Deliberate introduction (for food). At first from Portland to Lake Mashu, Hokkaido, and after
from Lake Mashu to other region of Japan.”

Short Description
From GISD (2023):

“The cephalothorax is smooth with two pairs of post-orbital ridges, the anterior pair with an
apical spine; and no spines on shoulders of the carapace behind cervical groove; the areola
between branchiocardiac grooves is obvious. The rostrum sides are smooth and more or less
parallel until the apex; the acumen is very pointed with prominent shoulders; and a simple
median carina down whole length. Its claws are robust and smooth on both surfaces, the
underside is red in colour; with a single tubercle on the inner side of the fixed finger; and a
white-turquoise patch on top of the junction of fixed and moveable fingers; adult males are
massive either lengthways or in width.”

From Procopio (2021):

“The dorsal surface of Signal Crayfish is typically brownish-tan in coloration. Although most
individuals of Pacifastacus leniusculus conform to this, coloration may be highly variable based
on locality and can range from bright red to blue in some cases (Larson and Olden 2011). A
bright red coloration on the underside of claws, and a white or turquoise colored patch present at
the base of each claw joint is distinctive to the Signal Crayfish (Riegel 1959; Larson and Olden
2011). Additionally, the surface of the carapace and claws are smooth, lacking the pronounced
bumps that are typical of other nonnative crayfish (Orconectes rusticus and O. virilis) introduced
to the Pacific Northwest (Larson and Olden 2011). Signal Crayfish can be distinguished from the
White Claw Crayfish (Austropotamobius pallipes) in Europe by the absence of spines along the
cervical groove (margin between the head and body) (P6ckl et al. 2006).”

Biology
From Procopio (2021):

“Pacifastacus leniusculus typically seek shelter in rocky crevices or woody debris within
streambeds and littoral zones ([Lowery and Holdich] 1988). The signal crayfish is considered a
non-burrowing crayfish (Shimizu and Goldman 1983), although they are known to construct
shallow borrows. Burrowing activity is most common in crayfish smaller than 50 mm and the
least common in larger males (Guan 2010). The population density of Signal Crayfish is



correlated with refugee [sic] availability (Flint 1975), and waterbodies with rocky littoral zones
support far greater densities than places with clay banks (Shimizu and Goldman 1983).”

“Additionally, Miller (1965) noted that Signal Crayfish have been observed copulating, molting,
and laying eggs in brackish water.”

“The breeding cycle of the Signal Crayfish follows that of most temperate zone crayfish.
Copulation occurs during the autumn months (September or October), and females carry the eggs
throughout the winter ([Lowery and Holdich] 1988). Eggs then typically hatch in March and
April as the water warms (Shimizu and Goldman 1983). The young from populations residing in
cooler waters may hatch later in the year (June and July), since growth is temperature dependent.
Once hatched, P. leniusculus grow rapidly and most individuals mature during their second
summer. The time to maturity may also be delayed by cooler water temperatures, such as that of
Lake Tahoe. Here, males may mature during their third summer, while females may not mature
until fourth ([Lowery and Holdich] 1988). Abrahamsson and Goldman (1970) estimated that
male and female P. leniusculus in the Sacramento River, CA., mature when they reach the size of
29-37 mm CL and 25-35 mm CL, respectively. Crayfish growth is also density dependent, which
often results in small, newly established populations of P. leniusculus experiencing a short
period of rapid growth (Hogger 1986).”

From GISD (2023):

“Egg incubation time ranges from 166 to 280 days. In natural populations hatching occurs from
late March to the end of July depending on latitude and temperature. Egg numbers usually range
from 200 to 400, although some individuals of 66mm CL have been reported as having over 500
eggs. [...] Estimates of survivorship to age 2 vary from 10-52%, being dependent on both abiotic
and biotic factors. Competition and cannibalism can greatly affect survival in dense populations.
Stebbing et al. (2003) demonstrated for the first time the presence of a sex pheromone, released
during the breeding season by mature females, that stimulates courtship and mating behaviour in
male P. leniusculus.”

Human Uses
From GISD (2023):

“Commercially harvested in the western USA, mainly in Washington and Oregon States,
although a larger harvest is obtained from the introduced population in the Sacramento River
(Lewis, 2002). It was originally hoped that stocking P. leniusculus into European waters would
revive catches of crayfish to their pre-plague levels, particularly in Sweden and Finland (Skurdal
et al. 1999), this has not proved to be the case. In Sweden the catch in 1996 was 265 tonnes
(compared to 52 for A. astacus) and that cultured amounted to 42 tonnes (compared to 12 for

A. astacus). The catch of P. leniusculus in Finland in 2001 was 22 tonnes (compared to 57.5 for
A. astacus). However, the Finnish catch of P. leniusculus is increasing and is estimated to double
every 1-2 years. In 2004 it exceeded 50% of the catch (Erkamo et al. 2004). P. leniusculus
fetches approximately half the price as A. astacus in Finland and Sweden. The introduced species
has done better in southern Sweden than in the north and in Finland, and this may be a
consequence of the cool climatic conditions in the latter two regions (Henttonen & Huner, 1999).



In Europe as a whole in 1994 a total of 355 tonnes of P. leniusculus originated from capture
fisheries and 51 tonnes from culture. This represents only 9% of European capture fisheries and
32.5% of culture fisheries (Ackefors, 1998, 1999).”

From Procopio (2021):

“Their potential for rapid growth has made them the focus of both aquaculture productions and
commercial fisheries in several countries (Westman 1973; Furst 1977; McGriff 1983; Goddard
and Hogger 1986; Lowery and Holdich 1988)”

“Pacifastacus leniusculus is now so abundant in California it supports a robust commercial
fishery in the Sacramento River Delta (McGriff 1983).”

Diseases

Pacifastacus leniusculus has been documented a carrier of Aphanomyces astaci (crayfish
plague), a disease listed by the World Organisation for Animal Health (2023).

Poelen et al. (2014) state that the following are either parasites or pathogens of Pacifastacus
leniusculus: Aphanomyces astaci, Aphanomyces frigidophilus, Aphanomyces laevis,
Aphanomyces repetans, Thelohania contejeani, Triannulata, and Xironogition instabilius.

From Houghton and Allen (2014):

“The spread of P. leniusculus throughout Europe has enabled Aphanomyces astaci, the crayfish
plague, to spread as well, decimating native crayfish populations (Holdich et al., 2009).”

Threat to Humans
No information was found on threats to humans from Pacifastacus leniusculus.

3 Impacts of Introductions

From Scordo (2023):

“The extent of crayfish distribution along the shoreline of Crater Lake doubled over a 13-year
period, leaving less than 20% of the shoreline free from crayfish. At high crayfish density sites,
benthic macroinvertebrate biomass was 99% lower, and taxa richness was 50% lower than at low
crayfish areas. High crayfish sites show tenfold greater periphyton biovolume, sixfold higher
periphyton biomass (chlorophyll a), twofold higher metabolic productivity, and the presence of
large filamentous algae (Cladophora sp.). The invasion of crayfish had negative consequences
for a lake protected under the management of the USA National Park Service, with direct
impacts on many levels of ecological organization.”

From Procopio (2021):

“The presumed extinction of the Sooty Crayfish (P. nigrescens) is attributed to the introduction
of the Signal Crayfish, as well as the impacts associated with the urbanization of the Sacramento



River (Bouchard 1977; Larson and Williams 2015). Currently, the Shasta Crayfish (P. fortis), is
threatened by the introduction of P. leniusculus and the Virile Crayfish (Orconectes virilis),
which has led both directly and indirectly to its recent range restriction (Lowery and Holdich
1988; Light et al. 1995). Signal Crayfish are also known to prey upon the eggs of game fish, such
as the Atlantic Salmon (Salmo salar), which can contribute to declines in fish populations
(Findlay et al. 2015). Pacifastacus leniusculus may have led to the collapse of a federally listed
three-spined stickleback (Gasterosteus aculeatus) after it was introduced to Enos Lake in British
Columbia (Behm et al. 2010).”

“The Mazama Newt (Taricha granulosa mazamae), which is endemic to Crater Lake, Oregon, is
greatly threatened by the presence of the nonnative Signal Crayfish (Girdner [et al.] 2018).
Although newts remained in uninvaded regions of the lake, they were nearly absent from areas
occupied by the crayfish. Mesocosm experiments revealed that P. leniusculus prey directly on
newts, displace newts from cover, and have the potential to alter their overall behavior. Areas
inhabited by the introduced crayfish also experienced dramatic decreases in benthic
macroinvertebrate diversity (Girdner [et al.] 2018). Crawford et al. (2006) found that the total
number of invertebrates was significantly lower in sites where Signal Crayfish were present.
Moorhouse et al. (2014) observed an inverse relationship between P. leniusculus and
macroinvertebrate abundance and taxon richness.”

“The spread of American crayfish species in Europe during the 19th, 20th, and 21st century is
closely associated with the spread of the crayfish plague (Holdich et al. 2009). Signal Crayfish
serve as carriers of the crayfish plague, which is caused by a fungus-like organism
(Aphanomyces astaci) (Cerenius et al. 1988). While P. leniusculus are highly resistant to the
illness, Asiatic, Australian, and European crayfish are very susceptible to the plague’s ill effects
(Unestam 1969). Although it was not introduced until the mid-1900’s, the Signal Crayfish is
thought to be vector for spreading the plague (Lowery and Holdich 1988), and introductions of
P. leniusculus to new regions in Europe are believed to contribute to the infection of new
drainages (Cerenius et al. 1988).”

“Though uncommon, Signal Crayfish have been documented burrowing in river banks (Guan
2010). In the Great River Ouse, England, burrows were constructed at high densities (5.6
burrows per meter length), which increased the erosion of the river banks (Guan 2010).”

From Houghton and Allen (2014):

“P. leniusculus presence in the River Clyde, Scotland, was associated with a 40% reduction in
benthic invertebrate density compared to P. leniusculus absence, with an associated reduction in
species diversity (Crawford et al., 2006). This impact on macroinvertebrate communities was
alleviated by intensive removal of signal crayfish using traps (Moorhouse et al., 2014). In two
similar rivers in Yorkshire (UK), high P. leniusculus densities correlated with low salmonid fish
densities (brown trout, Sa/mo trutta), whilst high native white-clawed crayfish,
Austropotamobius pallipes, densities correlated with high fish densities, suggesting a population
level impact of P. leniusculus on fish communities (Peay et al., 2009). Melero et al. (2014) have
also demonstrated an increased density and resilience to control of invasive non-native
mammalian carnivore populations such as the American mink, Neovison vison, in ecosystems



with established invasive non-native crayfish populations, due the availability of a superabundant
prey item.”

From GISD (2023):

“Pacifastacus leniusculus displays opportunistic polytrophic feeding habits, although more
animal than plant material may be consumed if available. It can have a considerable impact on
populations of macro-invertebrates, benthic fish, and aquatic plants (Guan & Wiles 1997;
Nystrom, 1999; Lewis, 2002), it also has been used to clear weed from ponds on fish farms.
Griffiths et al. (2004) found that the presence of P. leniusculus significantly reduced the number
of Atlantic salmon using shelters in artificial test arenas.”

“P. leniusculus was introduced into Japan from Portland, Oregon five times during 1926 to 1930,
where it has reduced the range of the indigenous Cambaroides japonicus on the island of
Hokkaido (Hiruta, 1996; Kawai & Hiruta, 1999). It has also been found in some lakes on Honshu
(Hiruta, S., 2005, pers. Comm.). In Europe, it has extirpated populations of the indigenous
crayfish species, particularly the white-clawed crayfish (see Austropotamobius pallipes in IUCN
Red List of Threatened Species in England (Holdich, 1999; Hiley, 2003). However, in Finland it
coexisted with the noble crayfish, (see Astacus astacus in [UCN Red List of Threatened
Species), in a lake for 30 years, before reproductive interference led to the demise of the latter
species (Westman et al. 2002). Its main impact has been as a vector of the crayfish plague
fungus, Aphanomyces astaci, which has caused large-scale mortalities amongst indigenous
European crayfish populations, particularly in England (Alderman, 1996).”

Pacifastacus leniusculus is regulated by name, family, or as a crayfish generally in 11 States, see
section 1.

4 History of Invasiveness

The History of Invasiveness for Pacifastacus leniusculus is classified as High. There are reported
introductions resulting in establishment outside of this species native range in the United States
as well as in Europe and Japan. These nonnative populations have resulted in negative impacts
including population reduction or extirpation of native crayfish species, reductions in biomass of
other macroinvertebrates, increases in periphyton biomass, predation on fish eggs, and reductions
in some fish and amphibian populations. In Europe, P. leniusculus is a carrier of the highly
impactful crayfish plague.




5 Global Distribution

Figure 1. Reported global distribution of Pacifastacus leniusculus. Map from GBIF Secretariat
(2023). Points in the Eastern half of the United States, Alaska, northern Canada, Sri Lanka, and
western Russia do not represent established populations and were not used in the climate
matching analysis.



6 Distribution Within the United States
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Figure 2. Reported distribution of Pacifastacus leniusculus in the contiguous United States. Map
from USGS (2025). Observations are reported from the Western United States and Minnesota.
Orange shading indicates the native range of the species. Yellow diamonds indicate observations
representing established nonnative populations. Orange diamonds indicate introduction records
with unknown or failed establishment status or state non-specific geographic information. Only
records within the native range and those representing established nonnative populations were
used in the climate matching analysis.
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Figure 3. Reported distribution of Pacifastacus leniusculus in Alaska. Map from GBIF-US
(2024). Observation is located on Kodiak Island and does represent an established nonnative
population.

7 Climate Matching

Summary of Climate Matching Analysis

The climate matching analysis for Pacifastacus leniusculus to the contiguous United States
found mostly medium to high matches. Areas of medium match were found in the Southeast, the
Great Plains, and eastern New England. Areas of low match were found in southern Florida and
along the Gulf Coast. All other areas were found to have high match, including the species’
native range. The overall Climate 6 score (Sanders et al. 2023; 16 climate variables; Euclidean
distance) for the contiguous United States was 0.929, indicating that Yes, there is establishment
concern for this species outside its native range. The Climate 6 score is calculated as: (count of
target points with scores > 6)/(count of all target points). Establishment concern is warranted for
Climate 6 scores greater than or equal to 0.002 based on an analysis of the establishment success
of 356 nonnative aquatic species introduced to the United States (USFWS 2024).

Projected climate matches in the contiguous United States under future climate scenarios are
available for Pacifastacus leniusculus (see Appendix). These projected climate matches are
provided as additional context for the reader; future climate scenarios are not factored into the
Overall Risk Assessment Category.
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8 Certainty of Assessment

There is quality information available about the biology and ecology of Pacifastacus leniusculus.
The distribution, both native and introduced, is well documented. There is substantial peer
reviewed information about impacts from these introductions in nonnative areas. Due to the
amount and quality of available information, the Certainty of Assessment for Pacifastacus
leniusculus is classified as High.

9 Risk Assessment

Summary of Risk to the Contiguous United States

Pacifastacus leniusculus, signal crayfish, is a crustacean that is native to the Columbia River
basin in the Northwestern United States and southwestern Canada. This species has high
fecundity and a long lifespan. P. leniusculus is a carrier of Aphanomyces astaci, the crayfish
plague, a listed disease according to the World Organisation for Animal Health. It has been



introduced and established nonnative populations outside its native range in the United States,
Europe, and Japan. Impacts of these introductions include reductions in the biomass of
macroinvertebrates and decreases in the abundance of native crayfish, fish, and amphibians.
Eleven States may regulate this species to some extent. The History of Invasiveness for
Pacifastacus leniusculus is classified as High. The climate matching analysis for the contiguous
United States indicates establishment concern outside its native range. Areas of high match were
found in the west, including the species’ native range. Most of the remainder of the contiguous
United States had medium climate matches except for areas of southern Florida and the Gulf
Coast. The Certainty of Assessment for this ERSS is classified as High due to the amount and
quality of information available. The Overall Risk Assessment Category for Pacifastacus
leniusculus in the contiguous United States is High.

Assessment Elements
e History of Invasiveness (see Section 4): High
e Establishment Concern (see Section 7): Yes
e Certainty of Assessment (see Section 8): High
¢ Remarks, Important additional information: Pacifastacus leniusculus is susceptible
to Aphanomyces astaci, the crayfish plague, a disease listed by the World
Organisation for Animal Health.

e Opverall Risk Assessment Category: High
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Appendix

Summary of Future Climate Matching Analysis

Future climate projections represent two Shared Socioeconomic Pathways (SSP) developed by
the Intergovernmental Panel on Climate Change (IPCC 2021): SSP5, in which emissions triple
by the end of the century; and SSP3, in which emissions double by the end of the century. Future
climate matches were based on source locations reported by GBIF Secretariat (2023).

Under the future climate scenarios (figure A1), on average, high climate match for Pacifastacus
leniusculus was projected to occur in California, the Colorado Plateau, Great Basin, Great Lakes,
and Western Mountains regions of the contiguous United States. Areas of low climate match
were projected to occur in the Southern Florida region and, under time step 2085, along the Gulf
and Southern Atlantic Coasts. The Climate 6 scores for the individual future scenario models
(figure A2) ranged from a low of 0.325 (model: UKESM1-0-LL, SSP5, 2085) to a high of 0.849
(model: MPI-ESM1-2-HR, SSP3, 2055). All future scenario Climate 6 scores were above the
Establishment Concern threshold, indicating that Yes, there is establishment concern for this
species under future scenarios. The Climate 6 score for the current climate match (0.929, figure
5) falls above the range of scores for future projections. The time step and climate scenario with
the most change relative to current conditions was SSPS5, 2085 (figure A3), the most extreme
climate scenario. Under most time step and climate scenarios, areas within the Southwest
(particularly southwestern Arizona) saw a large increase in the climate match relative to current
conditions. Primarily under time step 2085, areas within the Appalachian Range, California,
Colorado Plateau, Great Lakes, Mid-Atlantic, Southeast, and Southern Plains saw a large
decrease in the climate match relative to current conditions. Additionally, under one or more
time step and climate scenarios, areas within the Great Basin, Gulf Coast, Northeast, Northern
Pacific Coast, Northern Plains, Southern Atlantic Coast, Southern Florida, Southwest, and
Western Mountains saw a moderate decrease in the climate match relative to current conditions.
Additional, very small areas of large or moderate change may be visible on the maps (figure A3).
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Figure Al. Maps of median RAMP (Sanders et al. 2023) climate matches projected under
potential future climate conditions using five global climate models for Pacifastacus leniusculus
in the contiguous United States. Climate matching is based on source locations reported by GBIF
Secretariat (2023). Shared Socioeconomic Pathways (SSPs) used (from left to right): SSP3, SSP5
(IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom row). Climate source data from
CHELSA (Karger et al. 2017, 2018); global climate models used: GFDL-ESM4, UKESM1-0-
LL, MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0. 0/Pale Pink = Lowest match,
10/Dark Purple = Highest match.
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Figure A2. Comparison of projected future Climate 6 scores for Pacifastacus leniusculus in the
contiguous United States for each of five global climate models under four combinations of
Shared Socioeconomic Pathway (SSP) and time step. SSPs used (from left to right): SSP3, SSP5
(Karger et al. 2017, 2018; IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom row).
Climate source data from CHELSA (Karger et al. 2017, 2018); global climate models used:
GFDL-ESM4, UKESM1-0-LL, MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0.
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Figure A3. RAMP (Sanders et al. 2023) maps of the contiguous United States showing the
difference between the current climate match target point score (figure 5) and the median target
point score for future climate scenarios (figure A1) for Pacifastacus leniusculus based on source
locations reported by GBIF Secretariat (2023). Shared Socioeconomic Pathways (SSPs) used
(from left to right): SSP3, SSP5 (IPCC 2021). Time steps: 2055 (top row) and 2085 (bottom
row). Climate source data from CHELSA (Karger et al. 2017, 2018); global models used:
GFDL-ESM4, UKESM1-0-LL, MPI-ESM1-2-HR, IPSL-CM6A-LR, and MRI-ESM2-0. Shades
of blue indicate a lower target point score under future scenarios than under current conditions.
Shades of red indicate a higher target point score under future scenarios than under current
conditions. Darker shades indicate greater change.
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