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Abstract

Cherax quadricarinatus (von Martens, 1868) is a large parastacid crayfish (Decapoda:
Parastacidae) native to Australia and Papua New Guinea. Due to various factors,
C. quadricarinatus is an emerging invasive species in an increasing number of regions
across the world. Deleterious ecological effects of C. quadricarinatus introduction
have been documented in many of these regions, and its spread has been monitored
and restricted where possible. Previously, only a small, isolated population of
C. quadricarinatus in southern California had been reported within the continental
United States. Here, we report the collection of three adult C. quadricarinatus from
Brownsville, Cameron County, Texas, the first record of this species in the state
and only the second record for the continental United States. Given the connectivity
of aquatic habitats in the area and the duration for which the population has likely
been present, there is evidence that C. quadricarinatus is poised to invade subtropical
watersheds of the southern United States. The ecological effects of C. quadricarinatus
on aquatic ecosystems in the region are not yet fully understood, but further research
is warranted to effectively mitigate negative impacts that may occur and to guide
efforts to manage or eradicate these populations.

Key words: aquatic invasive species, Decapoda, non-native species, Parastacidae,
species monitoring

Introduction

Cherax quadricarinatus (von Martens, 1868), the Australian redclaw
crayfish, is a species of parastacid crayfish native to Australia and Papua
New Guinea which has become an emerging freshwater invasive species in
tropical and subtropical waterbodies worldwide (Williams et al. 2001;
Ahyong and Yeo 2007; Nunes et al. 2017). Invasive populations of C.
quadricarinatus have been documented in regions of Australia outside of
its native range (Pinder et al. 2019), Java (Patoka et al. 2016), Singapore
(Ahyong and Yeo 2007), Israel (Snovsky and Galil 2011), Zambia (Nakayama
et al. 2010), South Africa (Nunes et al. 2017), Swaziland (Nunes et al.
2017), Costa Rica (Azofeifa-Solano et al. 2017), Jamaica (Pienkowski et al.
2015), Mexico (Bortolini et al. 2007), and the United States (Williams et al.
2001). In the United States, C. quadricarinatus has spread throughout
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Puerto Rico, and an isolated population has been detected in Lake Balboa,
Los Angeles, California (Williams et al. 2001; Morningstar et al. 2020).
Accidental escape from aquaculture facilities and aquarium releases have
been the primary documented modes of introduction for C. quadricarinatus
(Bortolini et al. 2007; Belle and Yeo 2010). Cherax quadricarinatus is
common in the aquaculture industry due to its large size, rapid growth,
and tolerance of a wide range of water quality parameters (Jones 1995;
Karplus et al. 1998; Bortolini et al. 2007). In aquaculture and lab settings,
C. quadricarinatus tolerates a wide range of both temperature (10-35 °C
survival range for juveniles) and pH (6.5-9), low dissolved oxygen (survival
possible in water with dissolved oxygen < 1 mg/L), and high salinity (short-
term tolerance of up to 35 PSU) (King 1994; Masser and Rouse 1997;
Haubrock et al. 2021). Its hardiness, size, and distinct coloration also makes
it a desirable ornamental species for aquarists (Ahyong and Yeo 2007; Belle
and Yeo 2010).

Invasive C. quadricarinatus in the United States has the potential to
disrupt native ecosystems through several types of interactions and has
been shown to have a negative impact in other regions where they have
been introduced (Morningstar et al. 2020; Haubrock et al. 2021). Cherax
quadricarinatus has been documented as a vector for intranuclear bacilliform
virus, white spot syndrome virus, and other pathogens which could harm
native crustaceans (Bowater et al. 2002; Romero and Jiménez 2002; Lee et
al. 2021). Additionally, C. quadricarinatus has the potential to disrupt food
webs across many trophic levels and consequently change species assemblages
(Haubrock et al. 2021). Native crustaceans, and potentially some fishes,
could be negatively affected due to competition for food and shelter with
C. quadricarinatus given its large size and high population densities
(Masser and Rouse 1997; Williams et al. 2001; Pattillo 2010; Haubrock et al.
2021). Benthic habitat and aquatic vegetation distribution have also been
shown to be altered in some regions through the foraging behavior of
C. quadricarinatus (Marufu et al. 2018; Pinder et al. 2019; Haubrock et al.
2021). As a result of these documented negative impacts and the climate of
the southern United States, the U.S. Fish and Wildlife Service categorizes
C. quadricarinatus as a high-risk potential invasive species (USFWS 2012).

The Lower Rio Grande Valley is the southernmost region of the state of
Texas, lies along the border of the United States and Mexico, has a
semi-arid subtropical climate, and is characterized by a river delta formed
by the Rio Grande near its mouth at the Gulf of Mexico and numerous
resacas (Mora et al. 2001). Resacas, a type of oxbow lake, are disconnected
remnants of the Rio Grande’s previous channels and are an ecologically
significant habitat in the region that help to support a unique assemblage
of flora and fauna (Jahrsdoerfer and Leslie 1988). Additionally, many resacas
are surrounded by urban and suburban development, and many non-native
species, including Pomacea maculata (Perry, 1810), Oreochromis aureus
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Figure 1. (A) Broad scale map with Cherax quadricarinatus populations in the continental
United States (Morningstar et al. 2020) and the nearest detection of the population in Tamaulipas
marked (Morningstar et al. 2020; iNaturalist 2022). (B) Location from which all three Brownsville,
Cameron County, Texas, USA C. quadricarinatus specimens were collected with significant
natural hydrological features of the area rendered. Hydrology Data Source: USGS. (C) Satellite
view of the capture site and surrounding urban areas in Brownsville, Texas.

(Steindachner, 1864), and Pterygoplichthys anisitsi (Eigenmann and Kennedy,
1903), have become established in these habitats (Hubbs et al. 2008; Perez
et al. 2017; iNaturalist 2022). Due to the human-altered hydrology of the
Rio Grande watershed, many resacas currently require water to be pumped
from the river to maintain appropriate water levels (Perez et al. 2017). To
maintain water levels in resacas and to provide water to large agricultural areas
in south Texas, ca. 3200 km of canals and pipelines have been constructed
across the region, which could provide a network of connected waterways
that may exacerbate the dispersal of invasive aquatic species (Perez et al. 2017).

Materials and methods

Two adult C. quadricarinatus were encountered walking on a sidewalk at
the Posada de las Palmas apartment complex near an artificial pond
(25.919456; —97.458945; WGS 84) adjacent to Resaca de la Guerra, a resaca
in Brownsville, Cameron County, Texas, USA, on 8 January 2022 (Figure 1).
The individuals were identified as C. quadricarinatus using the characteristics
outlined in Morningstar et al. (2020), including the four prominent carinae
on the cephalon, large blue chelae, red patches on the lateral side of the
male’s chelae, and large overall body size (> 14 cm rostrum-tail length). To
attempt to collect additional C. quadricarinatus individuals, five cylindrical
minnow traps were deployed in the artificial pond and in a section of Resaca
de la Guerra near the location where the initial individuals were found. The
traps were deployed intermittently from 17 February-8 March 2022 and
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Figure 2. Dorsal and right lateral views of a male (A) and female (B) Cherax quadricarinatus specimens collected in Brownsville,
Cameron County, Texas, USA on 8 January 2022. Photographs by Adam Sanjar.

checked every 12 h. Both dry dog food and cantaloupe were used for bait as
it was a common bait combination recommended for recreational
C. quadricarinatus trapping from online resources. Social media platforms
(e.g., Facebook, Twitter, Instagram, and YouTube) and iNaturalist
(www.inaturalist.org) were also reviewed to determine if there were any
additional accounts of C. quadricarinatus in the area.

Results and discussion

A total of three C. quadricarinatus specimens were collected in early 2022,
and all individuals were deposited at the University of Texas Insect Collections
(UTIC 290040 [n = 2], 290041 [n = 1]). A male (18 cm rostrum-tail length;
Figure 2A) and female (15 cm rostrum-tail length; Figure 2B) were the
initial pair collected on land on 8 January 2022 (UTIC 290040), and an
additional male (UTIC 290041: 15 cm rostrum-tail length) was collected in
a minnow trap on 22 February 2022 in the artificial pond that the initial
pair likely emerged from. No individuals were collected directly from
Resaca de la Guerra, but the artificial pond flows into the resaca, and
flooding and high-water levels frequently connect the two. All trapping
occurred along the banks and was restricted to areas with water depths of
25-50 cm. Trapping occurred during cooler winter months, and water
temperatures stayed low (< 20 °C) while traps were deployed. The
combination of shallow water and low water temperatures likely influenced
trapping success, especially considering that C. quadricarinatus is a tropical
species and becomes less active in colder temperatures and is less likely to
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enter traps (Karplus et al. 1998; Wu et al. 2018). Additionally, the traps used
were constructed for smaller aquatic species, and large C. quadricarinatus
potentially could have been unable to enter the traps. To better assess the
distribution and abundance of C. quadricarinatus in the area, it would be
prudent for additional surveys to be conducted along Resaca de la Guerra
and other nearby resacas with a longer, more thorough trapping effort.

An additional nearby observation of C. quadricarinatus was found on
iNaturalist (iNaturalist 2022) from 11 September 2013. This observation
was of a female with three attached hatchlings from the same artificial
pond near where we collected our individuals. The combination of the
observation of the reproductive individual in 2013, the three adults collected
in 2022, and a reported 3-5-year average lifespan of C. quadricarinatus
(Sheehy 1992), suggests there is a persistent breeding population in Resaca
de la Guerra.

The exact mode of introduction of C. quadricarinatus into Resaca de la Guerra
remains uncertain. One potential mode for this species’ arrival into south
Texas is diffusion dispersal of an introduced population of C. quadricarinatus
in Tamaulipas, Mexico (Bortolini et al. 2007). This population in Tamaulipas
was initially observed in 2005, ca. 320 km south of Brownsville, and
additional observations in 2018 exist ca. 200 km south of Brownsville
(iNaturalist 2022). Cherax quadricarinatus can move through connected
waterbodies and, to a more limited extent, disperse overland to access
unconnected waterbodies. The introduced Tamaulipan populations may
have potentially reached the Rio Grande undetected and expanded their
range into southern Texas. If C. quadricarinatus is present in the Rio
Grande watershed, further dispersal into Resaca de la Guerra may have
also been mediated by the pumping of water from the Rio Grande into
resacas and irrigation canals. Alternatively, C. quadricarinatus in Resaca de
la Guerra could represent an independent introduction (jump dispersal) and
may have been from the release of captive individuals. It has been illegal to
posses C. quadricarinatus in Texas since 2008, and though evidence of
individuals in Brownsville exists from as early as 2013, it is unclear when
this population became established. An additional potential dispersal
mechanism which may have introduced C. quadricarinatus into south
Texas from introduced populations or aquaculture sites in Tamaulipas is
waterbird-mediated ectozoochory, which occurs when larval crayfish cling
to the feathers of waterbirds, survive, and then detach in waterbodies
beyond their normal overland dispersal range (Anasticio et al. 2014;
Coughlan et al. 2017). Though waterbird-mediated ectozoochory has been
observed in Procambarus clarkii (Girard, 1852), it has yet to be directly
demonstrated for C. quadricarinatus.

Several models predict the continued expansion of C. quadricarinatus
into the United States, and future climate change will only increase the
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total area with suitable temperatures (USFWS 2012; Haubrock et al. 2021).
Cherax quadricarinatus has been shown to survive for short periods in
water temperatures below 10 °C, which suggests that temperature alone may
not exclude C. quadricarinatus from much of the southern United States
(Karplus et al. 1998). Based on the presence of individuals in Brownsville,
C. quadricarinatus may likely be present in the Rio Grande, giving this
species direct access to a large network of canals, irrigation networks,
reservoirs, and tributaries in both the southern United States and northern
Mexico, a region where C. quadricarinatus has not been observed previously.
Though favorable habitat and climate may suggest future expansion of
C. quadricarinatus, the presence of Aphanomyces astaci (Schikora, 1906), a
pathogenic fungus linked to crayfish plague found throughout the
United States, can be especially lethal to non-native species, including
C. quadricarinatus (Unestam 1975; Haubrock et al. 2021).

As with any new invasive species there are many gaps in knowledge that
further research is required to fill. A comprehensive survey of the Lower
Rio Grande Valley would establish the current extent of the invasion and
inform effective management to mitigate negative effects of C. quadricarinatus.
Environmental DNA (eDNA) surveys have been shown to be an effective
way of rapidly surveying large areas for the presence of C. quadricarinatus
and should be considered as a supplement to trapping (Baudry et al. 2021).
Surveys across regions of northeastern Mexico would also help understand
if the origin of Texas C. quadricarinatus was from introduced populations
in Tamaulipas. Though surveys can help understand how widespread
C. quadricarinatus is across the region, genetic analyses could also be an
effective tool to examine similarities between Tamaulipas and Texas
populations. Laboratory experiments of waterbird-mediated ectozoochory
of C. quadricarinatus larvae would also indicate if this species is capable of
this and if this needs to be accounted for when modeling its spread.
Additionally, determining what pathogens are present in this invasive
population could help predict future impacts on native crayfish and how
crayfish plague may limit the spread and distribution of C. quadricarinatus
in the United States.

The invasion of exotic species is considered one of the major threats to
biodiversity in freshwater ecosystems worldwide (Dudgeon et al. 2006).
Effective local resource management can sometimes mitigate the threat of
invasive species, and while control of invasive crayfish is difficult and rare,
there have been some successful eradication efforts (Simberloff 2021). The
highly invasive nature and known deleterious ecological impacts of
C. quadricarinatus indicate that a rapid response, including monitoring,
containment, and eradication steps, is advisable to prevent further spread

in Texas and introduction into other regions of the southern United States.
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