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Abstract
The translocation of nonnative crayfish across the United States is of great concern
given the ecological consequences of the taxon. Nonnative crayfish have been reported
to reduce densities of native crayfish, alter benthic invertebrate communities,
decrease macrophyte biomass, reduce reproductive success of fish, and diminish
the genetic integrity of native crayfish through hybridization. As part of ongoing
research into the development of a state-wide crayfish monitoring program, rusty
crayfish Faxonius rusticus (Girard, 1852) were observed in McPherson State Fishing
Lake, Kansas (decimal degrees = 38.4819, -97.4682). Sampling occurred at McPherson
State Fishing Lake and Battle Creek between June 22 and July 1 2021. A total of
three rusty crayfish were collected and consisted of two females and one male.
Individual carapace lengths varied from 27 to 35 mm. No rusty crayfish were
collected in Battle Creek upstream of the lake. Although the mode of introduction
is unknown, anthropogenic releases of live crayfish have been implicated in other
rusty crayfish introductions. Therefore, greater restrictions on the use of live
crayfish in Kansas may be an important consideration for management agencies.
Furthermore, additional research is needed to determine the exact mode of
introduction to curtail future spread of the species in the state. Our results highlight
the need to consistently monitor crayfish populations to document the occurrence
and distribution of a potentially deleterious species.
Key words: invasive crayfish, aquatic invasive species, anthropogenic releases,
monitoring, freshwater

Introduction
Nonnative species are one of the primary threats to freshwater ecosystems
globally (Rahel 2002; Reid et al. 2019). Nonnative species have been shown
to displace native species (Taniguchi et al. 2002; Mills et al. 2004;
McDowall 2006), alter aquatic habitats (Pimentel et al. 2005; McDowall
2006), and serve as vectors of disease (Hoffman 1990; Holdich and Reeve
1991). Aquatic invasive species also result in economic losses. For instance,
Cuthbert et al. (2021) estimated that aquatic invasive species have cost
approximately US$345 billion, globally. Although many nonnative species
adversely affect freshwater ecosystems, anthropogenic activities continue
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to facilitate the spread of nonnative species (Fuller et al. 1999; Rahel 2002).
For instance, nonnative zebra mussels Dreissena polymorpha (Pallas, 1771)
and Asian clams Corbicula fluminea (O. F. Müller, 1774) have been broadly
introduced into freshwater habitats as the result of human activity (Sousa
et al. 2008; Strayer 2009). Copp et al. (2005) reported that 185 nonnative
freshwater fishes have been introduced in the United States. Of the aquatic
fauna that have been introduced within the United States, nonnative
crayfish species are of particular concern due to the detrimental effects
they can have on aquatic ecosystems.
The negative ecological effects of nonnative crayfish species have been
well documented (Twardochleb et al. 2013). Nonnative crayfishes have
been shown to greatly reduce densities of native crayfishes (Hill and Lodge
1994; Hill and Lodge 1999), alter benthic invertebrate assemblages (Hill and
Lodge 1995; Perry et al. 1997; Ruokonen et al. 2016), decrease macrophyte
biomass (Lodge et al. 1994; Hill and Lodge 1995; Matsuzaki et al. 2009),
reduce reproductive success of benthic nesting fishes (Dorn and Wojdak
2004; Wilson et al. 2004; Morse et al. 2013), diminish the genetic integrity
of native crayfishes through hybridization (Capelli and Capelli 1980; Hill
and Lodge 1994; Perry et al. 2001), and spread disease (Holdich et al. 2009;
Capinha et al. 2013; Martín-Torrijos et al. 2021). In addition to ecological
effects, nonnative crayfish populations cause economic losses in regions
where they are established. For instance, burrowing activity of red swamp
crayfish Procambarus clarkii (Girard, 1852) can result in shoreline collapse,
increased erosion, and can compromise infrastructure such as levees or
dams (Correia and Ferreira 1995; Barbaresi et al. 2004). Nonnative rusty
crayfish Faxonius rusticus (Girard, 1852) were estimated to cost $1.5
million annually to Vilas County, Wisconsin, due to the losses in angler
expenditure resulting from poor-quality fisheries influenced by invasion
(Keller et al. 2008). The ecological and economic effects of nonnative
crayfishes remain a concern in areas where they have been introduced.
Within the United States, one of the most detrimental crayfish species is
the rusty crayfish. Rusty crayfish are a fast-growing, highly fecund species
(Hamr 2002). Rusty crayfish are native to the lower Ohio River basin
(Hobbs et al. 1989) but have been introduced throughout North America
(Momot 1997; Olden et al. 2006; Olden et al. 2009; Hamr 2010; Sorenson et
al. 2012). The spread of the species throughout the United States is of great
concern given the potential ecological consequences of established populations
(Lodge et al. 1994; Hill and Lodge 1999; Morse et al. 2013). However,
crayfishes are rarely monitored due to lack of prioritization, funding, and
limited sampling methods (Price and Welch 2009; Stoeckel et al. 2015;
Taylor et al. 2019). As such, any opportunity to document the spread of
crayfish is of critical importance for resource agencies to make informed
management decisions.
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Materials and methods
Sampling was conducted as part of ongoing research into the development
of a crayfish sampling protocol. Sampling occurred at McPherson State
Fishing Lake and Battle Creek, McPherson, Kansas (decimal degrees =
38.4819, −97.4682) between June 22 and July 1, 2021. McPherson State
Fishing Lake was divided into 100 m2 sampling grids to allocate sampling
effort. Forty grids were randomly selected, and each grid was sampled with
minnow traps, modified minnow traps, and pillow traps (Larson and
Olden 2016). Minnow traps were constructed with 6.4-mm vinyl-dipped
steel mesh and measure 42.0 × 23.0 cm. Each minnow trap had a 6.0-cm
diameter entrance on either end of the trap. Modified minnow traps had a
construction similar to minnow traps, but entrance diameters measured
3.0 cm. Pillow traps were constructed with 19-mm PVC-coated steel mesh
and measured 60.0 × 30.0 cm. Pillow traps had three 6.0-cm diameter
openings. Prior to deployment, each trap was baited with approximately 15 ml
of canned dog food (Pedigree Chopped Chicken and Rice Dinner, Mars
Petcare, McLean, Virginia) in a 125-ml perforated bottle. Traps were deployed
in water varying in depth from 0.5–2.0 m. Traps were allowed to soak
overnight and were checked the following day. Each grid was sampled for
three consecutive nights with a single gear, for a total of nine sampling events.
Stream sampling occurred in a 2-km section of Battle Creek located
upstream of McPherson State Fishing Lake. The 2-km section of stream
was divided into twenty 100-m reaches, and ten reaches were randomly
selected for sampling. Each reach was separated into macrohabitat units
(i.e., riffle, run, pool), and macrohabitats were sampled independently.
Sampling was conducted using minnow traps, modified minnow traps, and
backpack electrofishing (Larson and Olden 2016). Sampling with minnow
traps was conducted as described above. For electrofishing, power output
was standardized to 50–60 Hz, 4–5 ms pulse width, and 300–400 V (Barnett
et al. 2020). Each macrohabitat was sampled for three consecutive days
with a single gear for a total of nine sampling events. Regardless of sampling
location and gear, all collected crayfish were identified to species, enumerated,
sexed, and measured for carapace length (0.1 mm). Crayfish were identified
in the field based on morphological characteristics such as rust-colored
spots on either side of the carapace, S-shaped dactyl, and black bands at the
tips of the chelae (DiStefano et al. 2008). Rusty crayfish were further
identified in the lab by examining the mandible (Figure 1) and the first
form male gonopods (Figure 2; Swecker et al. 2010).

Results
A total of 336 crayfish were collected between June 22–July 1, 2021. Of the
total crayfish collected, 259 crayfish were collected in Battle Creek and 77
crayfish were collected in McPherson State Fishing Lake (Table 1). In Battle
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Figure 1. View of the anterior cusp of the mandibles of a rusty crayfish sampled from McPherson
State Fishing Lake from June 22–July 1, 2021. Photo by JM Smith Jr.

Figure 2. View of a gonopod of a first form male rusty crayfish sampled from McPherson
State Fishing Lake from June 22–July 1, 2021. Photo by JM Smith Jr.
Table 1. Number of crayfish by gear type for McPherson State Fishing Lake and Battle Creek.
Gear type
McPherson State Fishing Lake
Pillow trap
Minnow trap
Modified minnow trap
Battle Creek
Minnow trap
Modified minnow trap
Backpack electrofishing

Northern crayfish

White River crayfish

Rusty crayfish

Total

11
24
38

0
0
1

0
2
1

11
26
40

4
6
245

2
2
0

0
0
0

6
8
245

Creek, 255 individuals were identified as northern crayfish Faxonius virilis
(Hagen, 1870; 98.4% of the sample) and 4 individuals were identified as
White River crayfish Procambarus acutus (Girard, 1852; 1.6% of the sample).
In McPherson State Fishing Lake three species were collected and comprised
northern crayfish, White River crayfish, and rusty crayfish (Figure 3). Of
the 77 crayfish collected in McPherson State Fishing Lake, 73 individuals
were identified as northern crayfish (94.8% of the sample), three individuals
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Figure 3. A map of McPherson State Fishing Lake including collection locations (black circles)
of identified rusty crayfish.

were identified as rusty crayfish (3.9% of the sample), and one individual
was identified as a White River crayfish (1.3% of the sample). Two of the
rusty crayfish were females and measured 27 and 30 mm. The third rusty
crayfish was identified as a male and had a carapace length of 35 mm.

Discussion
Rusty crayfish may have been previously encountered in the wild in the
state of Kansas in 1890, 1912, and 1931 (Faxon 1890; Harris 1903; Guiaşu and
Labib 2021); however, the validity of these records is questionable. Upon
reexamination of voucher specimens, Wetzel et al. (2004) determined that
many of the records of rusty crayfish in Iowa and Minnesota were in fact
golden crayfish F. luteus (Creaser, 1933). Golden crayfish are native to Kansas,
and may have contributed to erroneous accounts of rusty crayfish in the state
via misidentification. Notwithstanding, our results are the first documented
account of rusty crayfish in Kansas in nearly a century, thereby highlighting
the need to regularly monitor crayfish populations. Unfortunately, crayfish
populations are rarely monitored across much of the United States due to a
lack of prioritization and funding (Taylor et al. 2019). Although crayfish
continue to gain more attention within management agencies (Taylor et al.
2019), monitoring programs may also be hindered by inefficient sampling
methods. However, new technologies such as environmental DNA may aid
in improving crayfish monitoring efforts (Dougherty et al. 2016; Chucholl
et al. 2021; King et al. 2022). Regardless, our results highlight the value of
monitoring crayfish populations for documenting the occurrence and
distribution of a potentially invasive species.
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The mode of introduction of rusty crayfish in Kansas is currently
unknown. It is possible that a remnant isolated population of rusty crayfish
has occurred undetected since the 1930s. However, it is also likely that the
occurrence of rusty crayfish in McPherson State Fishing Lake is the result
of anthropogenic activities. Anthropogenic actives have been implicated in
previous rusty crayfish introductions. For instance, the use of live crayfish
as bait, aquaculture, the ornamental pet trade, and the biological supply
industry are all common modes of introduction of rusty crayfish (Larson
and Olden 2008; DiStefano et al. 2009; Manfrin et al. 2019). McPherson
State Fishing Lake is adjacent to a large city (Salina, Kansas) and receives a
high amount of recreational activity. As such, any of the aforementioned
modes of introduction could have occurred in the system. Although the
exact mode of introduction of rusty crayfish into McPherson State Fishing
Lake is unknown, the occurrence of the species highlights the need to improve
education and regulation surrounding transport of invasive species. For
instance, 87% of contacted bait shops that sold crayfish in Missouri could
not identify the species they sold (DiStefano et al. 2009). Improved education
and outreach may enhance the public’s ability to identify potentially
deleterious crayfish and curtail their sale (DiStefano et al. 2009). Similarly,
greater restrictions on the sale of live crayfish in Kansas should also be
considered given the challenge of identifying crayfish and the substantial
ecological risk nonnative species pose for aquatic systems in the state.
Although further research is needed to identify the true mode of
introduction of rusty crayfish in McPherson State Fishing Lake, our results
highlight the need to employ preventative measures to mitigate the spread
of a potentially detrimental species.
Although preventative measures may reduce the spread of nonnative
crayfish in Kansas, continued monitoring is needed to understand the
ecological ramifications of rusty crayfish in McPherson State Fishing Lake.
It is difficult to know duration and extent of establishment of rusty crayfish
in McPherson State Fishing Lake. However, the presence of sexually mature
individuals suggests the potential for reproduction. Invasive populations
often experience a lag between initial introduction and rapid population
growth (Sakai et al. 2001; Crooks 2005). For example, Walsh et al. (2016)
estimated that a population of spiny water fleas Bythotrephes longimanus
(Leydig, 1860) occurred at low densities for at least a decade before optimal
thermal conditions allowed rapid population growth in Lake Mendota,
Wisconsin. In the Great Lakes, nonnative rusty crayfish experienced a lag
between introduction and rapid expansion that lasted approximately 100
years (Peters et al. 2014). In McPherson State Fishing Lake, northern
crayfish outnumbered rusty crayfish about 24 to 1. Although these results
may be due to gear-specific selectivity (Ogle and Kret 2008), the relatively
low catch rate of rusty crayfish suggests the species was discovered prior to
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rapid population growth. If the population of rusty crayfish in McPherson
State Fishing Lake is early in the invasion process, mechanical removal
may be a cost effective method for controlling population expansion.
Messager and Olden (2018) concluded that control of rusty crayfish in the
John Day River, Oregon, would have been both possible and cost-effective
if removal efforts had been initiated early in the invasion process.
Therefore, McPherson State Fishing Lake may serve as a model system for
testing population control efforts and examining population expansion of
this invasive species.
Given the uncertainty surrounding the distribution of potentially
deleterious crayfish species in Kansas, additional monitoring efforts are
needed. Continued monitoring of rusty crayfish in McPherson State
Fishing Lake will likely provide critical insight into the population growth
and ecological effects this species may have in Kansas. Although rusty
crayfish are likely a small component of the crayfish assemblage in Kansas,
their presence may necessitate increased regulation (e.g., live bait sales, live
crayfish transport) to reduce the spread of this species. Additionally,
prevention of the initial introduction of nonnative species via education
and outreach may serve as the most cost-effective management option
(Dresser and Swanson 2013; Lodge et al. 2016; DiStefano et al. 2016).
Overall, management should focus on preventing initial introductions,
monitoring existing populations, and documenting the occurrence and
spread of nonnative crayfish species throughout Kansas.
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