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Abstract
More than half of National Parks in the United States report the presence of
invasive animals. Here we report a checklist of non-native aquatic fauna at Lake
Mead National Recreation Area, Nevada, with the earliest reported sighting in
1940. Seventy-two species of non-native aquatic fauna were found representing six
taxonomic groups. 41 (57%) are established, 9 (13%) are either eradicated or failed,
and the status of 19 species (26%) is unknown. This comprehensive species list
represents a preliminary step in developing monitoring programs for invasive species
currently found within Lakes Mead and Mohave. It will also help inform the
development of early detection and rapid response activities and monitoring to
safeguard the park from future invasions.
Key words: Lake Mead, Lake Mohave, aquatic invasive species, quagga mussels,
species checklist

Introduction
Globalization motivates economic progress but also creates new challenges
for environmental management issues, such as invasive species. Increasing
travel and trade inevitably result in invasive species introductions across
the globe (Meyerson and Mooney 2007; Resnick 2018). Environmental
damages and economic losses attributed to non-native and invasive species
cost $100–200 billion annually in the United States (US) alone (Pimentel et
al. 2005). Forty-two percent of species listed as Threatened (likely to
become endangered within the foreseeable future throughout part of its
range) or Endangered (in danger of extinction throughout all or a significant
portion of its range) under the U.S. Endangered Species Act (ESA 1973, as
amended), are thought to be in decline at least in part as a result of exotic
species introductions and resulting competition and predation (Pimentel et
al. 2005). Invasive plants and animals represent an enduring threat to
National Parks of the US (Dayer et al. 2019), over half of which report the
presence of invasive animal species with only a small percentage of 1,400
reported populations considered to be under some sort of control (Resnick
2018). In addition to detrimentally affecting natural and culture resources,
invasive species impact recreational opportunities available to park visitors
(Dayer et al. 2019).
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Figure 1. Map of Lakes Mead and Mohave within Lake Mead National Recreation Area on the
Nevada-Arizona border.

Lake Mead National Recreation Area (LAKE) was established on
October 8, 1964 as the National Park Service’s first national recreation area
and is situated along the state line between Nevada and Arizona (National
Park Service 2016a, b). LAKE encompasses nearly 1.5 million acres including
225,000 acres of water, is the largest designated recreation area in the US,
and hosts nearly eight million visitors each year (National Park Service
2016b). LAKE includes two large reservoirs; Lake Mead and Lake Mohave.
Lake Mead was formed by the construction of the Hoover Dam in 1935
(National Park Service 2016c), and Lake Mohave was formed by the
construction of Davis Dam in 1951 (Figure 1). With its centralized location,
numerous urban and undeveloped access points, vast size, and high visitation,
invasive species are a dynamic aspect of natural resource management at
LAKE. LAKE maintains an active aquatic invasive species (AIS)
decontamination program in partnership with the Nevada Department of
Wildlife (NDOW) and Arizona Game and Fish Department (AZGFD)
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aimed primarily at preventing the spread of quagga mussels (Dreissena
rostriformis bugensis (Andrusov, 1897)). We reviewed available data and
literature for all non-native and invasive species at LAKE to inform the
development of a new early detection and rapid response program. Herein,
we provide a checklist of non-native and invasive aquatic species at LAKE,
summarize occurrence data for each species, and report details on population
status for each species (established, eradicated, etc.).

Materials and methods
Species records were compiled from the Nonindigenous Aquatic Invasive
Species database hosted by the US Geological Survey (USGS-NAS 2018), a
federal repository of geo-referenced reported sightings of aquatic nonnative species. We cross-referenced USGS-NAS database findings and
searched for additional species records through Google Scholar. USGSNAS database includes data from published scientific literature, personal
communications from natural resource managers and biologists, as well as
reports from citizen scientists. Records are verified by interviewing reporters
or examining photos of specimens taken by reporters. Local experts were
consulted to verify erroneous reports and contribute unpublished sightings.
Thus, data may change daily as new reports are added. Here we present
data queried on 15 November 2019.
The “search by drainage” tool was used to locate reports in the Lower
Colorado and Lower Colorado-Lake Mead drainage areas, which together
encompass the boundaries of LAKE. AIS reports in each drainage were
then narrowed down to reports specifically located in LAKE using the
point map associated with each species. A literature search for each species
was then conducted using Google Scholar database to gather additional
species information and cross-reference any additional records that may
not have been reported to the USGS-NAS. We assigned one of the
following population statuses:
• Established: Population shows evidence of successful reproduction
(i.e. presence of multiple life stages or year classes) and overwinter
survival.
• Eradicated: Population was eliminated by human intervention, e.g.,
treatment with Rotenone.
• Extirpated: Population was previously established but died out on its
own, without human intervention, e.g., cold winter.
• Failed: Population did not successfully reproduce or have overwinter
survival, e.g., died out without establishment.
• Stocked: Population is maintained through routine introductions by a
natural resource management agency.
• Unknown: Insufficient information to determine status.
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Results
72 non-native and invasive aquatic species were documented from LAKE
waters, including 1 alga (1%), 3 aquatic plants (4%), 2 amphibians (3%),
4 reptiles (6%), 9 invertebrates (13%), and 53 (74%) fishes (Supplementary
material Table S1). Over half of (n = 41; 57%) of species are established
within LAKE. The status of 26% (n = 19) is unknown. Two species were
eradicated (3%), two were extirpated (3%), and seven failed (10%).
Comprehensive species list and summary data in Table S1 include scientific
and common names, native range, year of first record at LAKE if known,
location within LAKE (if reported or known), and population status
designation. All species were found in the USGS-NAS database; literature
searches did not reveal additional species. Here we highlight the most
notable species found.

Discussion
Algae
Golden algae (Prymnesium parvum (Carter, 1937)) was first detected in the
United States in 1985 in Texas (James and de la Cruz 1989) and was later
recorded at Lake Mead in 2001 (Rosen et al. 2012). LaBounty and Burns
(2005) also reported low densities of golden algae cells in the Boulder Basin
of Lake Mead but did not specify P. parvum (Figure 1). Lake Las Vegas, a
manmade reservoir located west of Lake Mead, was the first body of water
in Nevada to report a toxic golden algal bloom in the winter of 2010
(Weber and Janik 2010). The effects of golden algal blooms depend on
several different environmental factors but can found to cause extensive
fish kills in certain conditions (VanLandeghem et al. 2013). Prymnesium
parvum is an unconventional invasive species, as it is a microbe with
worldwide origins (Edvardsen and Paasche 1998). The P. parvum microbes
may be globally present, however certain environmental conditions are
necessary for the microbes the present as a toxic algal bloom. Regardless, it
is important to include golden algae on this list, as it is present at LAKE
and could prove economically and ecologically harmful.

Aquatic Plants
Three species of aquatic invasive plant are documented at LAKE. Eurasian
watermilfoil (Myriophyllum spicatum (Linnaeus, 1753)) was found below
Davis Dam on Lake Mohave in 2014 (Figure 1; Center for Invasive Species
and Ecosystem Health 2019). No other reports have been found in LAKE,
however M. spicatum has been recorded at several locations south of Lake
Mohave on the Colorado River (CCH1 2019). Eurasian watermilfoil has
been found to negatively impact species diversity and water-based recreation
values (Boylen et al. 1999), making it of concern to LAKE.
Renner and Day (2022), BioInvasions Records 11(1): 136–148, https://doi.org/10.3391/bir.2022.11.1.14

139

Aquatic non-native and invasive species in Lakes Mead, Mohave

Both American tape grass (Vallisneria americana (Michaux, 1802)) and
curly-leaved pondweed (Potamogeton crispus (Linnaeus, 1753)) have been
found in Boulder Basin of LAKE in 1999, however no established populations
have been identified (C. Norman pers. comm, Oct 2020; Figure 1). Vallisneria
americana is native to Eastern North American but has been reported in
some Western states (Korschgen and Green 1988) and is a common aquarium
plant. P. crispus is native to Eurasia, Africa, Australia, and was first
identified in North America in the late 1800’s and spread across much of
the U.S. (Catling and Dobson 1985; Stuckey1979). In water bodies where
curly-leaf pondweed is established it can grow in large mats, restricting the
growth of other aquatic organisms and impeding on recreation opportunities
(Catling and Dobson 1985). There is little research on American tape grass
as an invasive species in the West, and because there have been no other
records of the plant since 1999, this species may be less of a concern for LAKE.

Amphibians
The American bullfrog (Lithobates catesbeianus (Shaw, 1802)) was first
recorded at LAKE in 1966 and thought to have been introduced for food
purposes (Stebbins 1966). Lithobates catesbeianus is a known competitor
and predator of the relict leopard frog (Rana once (Cope, 1875)), whose
only remaining native range is thought to encompass two separate
populations within LAKE: within the Virgin River drainage near Hurricane,
Utah extending to the Overton Arm of Lake Mead along the Muddy River
of Nevada, and within Black Canyon springs below Hoover Dam (Harris
2006; Figure 1).
Sightings of the eastern tiger salamander (Ambystoma tigrinum (Green,
1825)) are not well documented. A comprehensive survey of amphibians in
the eastern Mojave Desert by Bradford et al. (2005) reported collections at
Willow Beach (1965) and Lake Mead (1966), and two larvae were collected
at Blue Point Spring in 1963 (Figure 1). It is thought that A. tigrinum was
introduced to LAKE as larvae for use as fishing bait (Bradford et al. 2005).
Ambystoma tigrinum is capable of hybridizing which has resulted in the
genetic extinction of native species in other systems (Johnson et al. 2011).

Reptiles
The spiny softshell turtle (Apalone spinifera (Le Sueur, 1827)) was reported
as early as 1936, around the completion of Hoover Dam (Cowles and
Bogert 1936). Their large native range spans most of the Eastern US but
little is known about its impacts on native ecosystems as a non-native
species (Averill-Murray 2007).
The earliest report of Texas spiny softshell turtle (Apalone spinifera
emoryi (Agassiz, 1857)) in the NAS Database is in 1967, thought to be a
released pet (Bradley and Deacon 1967). However, in his book Snakes,
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Lizards, and Turtles of the Lake Mead Region, Russel K. Grater (1981)
mentions records of this turtle at LAKE around the creation of Lake Mead
in the 1930s. Though we did not find a formal report for red-eared slider
(Trachemys scripta elegans (Wied-Neuwied, 1839)), many have been observed
near boat ramps and marinas in Lakes Mead and Mohave as well as Rogers
Spring in recent years, presumably released pets (J. Renner unpublished
data; Figure 1).
Lastly, a juvenile caiman, presumably Caiman latirostris (Daudin, 1825)
and thought to be a released or escaped pet was found inhabiting the Las
Vegas Wash area at LAKE in 2005 (J. Sjöberg pers. comm., Nov 2020;
Figure 1).

Invertebrates
Asian clam (Corbicula fluminea (Müller, 1774)) was first reported at LAKE
in 1948 (Ingram 1959). Due to its high fecundity and rapid growth,
C. fluminea is one of the most prolific aquatic invasive species (McMahon
2002). Native to Asia, Africa, and Australia, C. fluminea first arrived in the
US on the Pacific Coast in the 1920s and has since spread across the US and
to other continents including South America and Europe (Colwell et al. 2017;
Sousa et al. 2008). Impacts of C. fluminea include biofouling (Darrigran
2002) and consuming food sources for native bivalves (Strayer 1999).
We found three reports of New Zealand mudsnail (Potamopyrgus
antipodarum (Gray, 1853)) at LAKE. The first sighting was in 2007,
followed by 2 additional sightings in 2008, all north of Hoover Dam in the
Boulder Basin and Overton Arm of Lake Mead (Illinois Natural History
Survey 2011; Figure 1). Native to New Zealand, the first record of
P. antipodarum in North America was in the Snake River system in Idaho
in 1987, where it continued to spread to the Great Lakes and various
western watersheds (Hickey 2010). Potamopyrgus antipodarum have been
found in high-density groups of up to 800,000 individuals/m², competing
with other native invertebrates for food and space (Kerans et al. 2005).
Quagga mussels were first reported at LAKE in 2007 (Hickey 2010).
Dreissena bugensis is native to Eastern Europe and first discovered in the
Great Lakes region of the US in 1991 (Mills et al. 1996; May and Marsden
1992). The most likely mode of transmission into the US was via ship
ballast water, with continued spread via bilge waters of recreational boats
transported over land (Wong and Gerstenberger 2011). The discovery of
quagga mussels at LAKE was significant, as it was the first confirmed
infestation of a large body of water in the West that did not first have zebra
mussels (Wong and Gerstenberger 2011). This discovery extended the
invasion 3,000 km farther across the US, from the Great Lakes to the desert
Southwest (Wong and Gerstenberger 2011). The impacts of D. bugensis are
lesser known, as the arrival of quagga mussels in North America was
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preceded by their invasive counterpart the zebra mussel (Dreissena
polymorpha (Pallas, 1771)). Because quagga mussels arrived after zebra
mussels, the impacts of these dreissenids are difficult to distinguish
(Nalepa et al. 2010). However, there are some notable differences between
the two dreissenid species. Zebra mussels have been found to have stronger
byssal threads with a higher production rate, making it easier for zebra
mussels to attach to moving objects than quagga mussels (Karatayev et al.
2015). Unlike zebra mussels which are restricted to shallow lake waters,
quagga mussels can be found throughout lakes, form larger populations
than zebra mussels, and may filter greater volumes of water, thus contributing
to larger system-wide changes (Karatayev et al. 2015). Dreissenid invasions
have been found to impact native ecosystems in numerous ways, including
removing suspended solids from the water, increasing water clarity, and
decreasing phytoplankton and zooplankton numbers (Higgins and Vander
Zanden 2010).

Fish
Fish comprise most non-native and invasive species; a total of 54 of the 72
species. Common carp (Cyprinus carpio (Linnaeus, 1758)) are a prevalent
invasive fish found at LAKE; gizzard shad and carp combined comprise
75% of the fish community by biomass in Lake Mead (Rosen et al. 2012).
Common carp have been introduced into ecosystems for over a century for
aquaculture and angling purposes, as they are commonly used to help feed
poor communities (Zambrano et al. 2001; Tapia and Zambrano 2003).
Carp were first recorded in the park in 1962 (La Rivers 1962) and are
thought to have been stocked for food. They are adept at uprooting and
consuming vegetation, altering benthic and macrophyte communities, and
increasing water turbidity (King and Hunt 1967; Zambrano and Hinojosa
1999; Tapia and Zambrano 2003).
Gizzard shad (Dorosoma cepedianum (Lesueur, 1818)) was first recorded
at Lake Mead in 2007, however it was not recorded in Lake Mohave until
2012 (Webber and Jones 2007; Figure 1). Dorosoma cepedianum is known
to become overpopulated and impact other species (Noble 1981). These
fish are sediment feeders and affect the benthic environment, as well as
impact zooplankton and phytoplankton communities (Schaus and Vanni
2000). However, a study of gizzard shad in LAKE by Beaver et al. (2018)
has not found the species to have significant effects on zooplankton and
phytoplankton communities. Redear sunfish (Lepomis microlophus (Güther,
1859)) are another notable invasive species, originating in the Southeast US
and first recorded in Lake Mohave in 1976 (Deacon and Williams 1984;
Figure 1). Lepomis microlophus are known to consume quagga mussels and
have become the focus of several scientific studies of biocontrol solutions
for invasive mussels.
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Rogers Spring and Blue Point Spring are hot springs and popular sites
for aquarium owners to release unwanted fish, which explains the wide
variety of exotic fish in the springs at LAKE (Courtenay and Deacon 1983;
Figure 1). Both springs have hosted Central American Convict cichlids
(Archocentrus nigrofasciatus (Günther, 1867), Malabar danios (Devario
malabaricus (Jerdon, 1849)), and numerous other species, many of which
are thought to be aquarium releases (Schmitter-Soto 2007; Courtenay and
Stauffer 1990). Some fishes, such as cichlids, are known predators of hydrobiid
snails (Brown et al. 2008). Further investigation is needed in order to assess
their potential contribution to native hydrobiid snail population declines at
LAKE, particularly at Blue Point Spring (USFWS 2017; Wilcox and Jaeger
2020; Figure 1).
LAKE hosts a variety of desirable sportfish which support recreational
opportunities in both lakes. No sportfish stocking occurs currently save for
Rainbow trout (Oncorhynchus mykiss (Walbaum, 1792)) stocked in Lake
Mohave by Willow Beach National Fish Hatchery. Historically, the Nevada
Department of Wildlife (NDOW) stocked a variety of sportfish including:
black bullhead (Ameiurus melas (Rafinesque, 1820)), black crappie (Pomoxis
nigromaculatus (Lesueur, 1829)), bluegill (Lepomis macrochirus (Rafinesque,
1819)), channel catfish (Ictalurus punctatus (Rafinesque, 1818)), green sunfish
(Lepomis cyanellus (Rafinesque, 1819)), largemouth bass (Micropterus salmoides
(Lacepède, 1802)), rainbow trout (Oncorhynchus mykiss), smallmouth bass
(Micropterus dolomieu (Lacepède, 1802)), striped bass (Morone saxatilis
(Walbaum, 1792)), and white crappie (Pomoxis annularis (Rafinesque, 1818)).
This study represents the first comprehensive investigation and
summary of aquatic non-native and invasive species found within the
waters of Lake Mead National Recreation Area. As of 2020, 72 species of
non-native and invasive aquatic flora and fauna have been documented
from Lakes Mead and Mohave. This list is likely not comprehensive due to
several constraints associated with data collection. Extensively surveying
and monitoring vast, remote stretches of aquatic habitat makes it difficult
to detect changes in population status and encounter new, potentially rare
individuals. Additional species may have been reported via other mediums
not found through our literature review, the NAS database, and local
experts. Also, despite considerable effort to accurately identify and report
species, the potential for misidentification remains present, particularly in
early records. Timely, complete reporting through the NAS database and
publication of new species records is critical for ensuring accuracy and
completion of species checklists. Further, the high numbers of established
and unknown population status designated species (41 and 19, respectively)
supports the need for directed surveys.
Aquarium fishes appear to be restricted to warm springs, though more
robust species such as goldfish and carp are widespread throughout LAKE.
A wide variety of aquatic habitats are present throughout both Lakes Mead
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and Mohave, including limnetic (lake-like), lotic (river-like), wetland, and
natural spring habitats which support diverse assemblages of flora and
fauna (Rosen et al. 2012). Notable variation in environmental conditions
and riparian zones between lakes likely influences the establishment and
distribution of non-native species. Vegetation is largely limited to tributary
deltas in Lake Mead, while non-native tamarisk dominates Lake Mohave
shorelines. A portion of the Las Vegas Wash, an urban river carrying
treated wastewater and stormwater runoff, is located within LAKE, and
flows into Lake Mead (Ryan et al. 2018). Water temperatures in Lake Mead
are typical of a monomictic lake, characterized by thermal stratification for
most of the year save for a single complete mixing event. However, every
1–2 years an incomplete mixing event occurs. Limnological conditions in
Lake Mohave are more stable and typically fluctuate very little throughout
the year, in part due to water release management from Hoover Dam,
while Lake Mead fluctuates more frequently, losing 12 ft of surface
elevation per year during average system conditions (Rosen et al. 2012).
Lake Mohave is considerably narrower and shallower, lacks protected
coves that are common throughout Mead, and as such prey for fish species
is less abundant. The Black Canyon, located immediately downstream of
Hoover Dam and comprising the northern end of Lake Mohave, is heavily
influenced by cool-water hypolimnetic inflows from Lake Mead (Figure 1).
While it is tempting to draw conclusions about differences in non-native
species distributions between Lakes Mead and Mohave based on habitat
characteristics and environmental parameters, no directed monitoring for
status and distribution of AIS other than quagga mussels currently occur in
either lake and historic survey data are sparse. State and federal agencies
and their partners conduct targeted monitoring for endangered species and
sportfishes of interest, many of which are non-native, but non-target species
are inconsistently reported. Habitat variation between lakes coupled with a
lack of directed AIS survey data further demonstrate the need to develop
effective monitoring approaches to increase our understanding of species
distributions throughout LAKE. Environmental conditions in both lakes
are conducive to year-round quagga mussel spawning, which may
encourage the establishment of other species with similar life history traits.
Managing invasive species is a global challenge that continues to increase
in magnitude and complexity and has become of importance in the
western US since the discovery of quagga mussels at LAKE in 2007 (Hickey
2010; Larson et al. 2013). National Parks are particularly fragile and already
host a considerable diversity of invasive plants and animals (Resnick 2018).
A three-tiered approach to AIS mitigation is currently employed at LAKE
and throughout much of the western US, including prevention, containment,
and enforcement. Prevention efforts are aimed at protecting water bodies
where AIS do not have a verifiable presence. Containment activities focus
on preventing the spread of AIS from infected waterbodies. Enforcement
Renner and Day (2022), BioInvasions Records 11(1): 136–148, https://doi.org/10.3391/bir.2022.11.1.14

144

Aquatic non-native and invasive species in Lakes Mead, Mohave

further prevents AIS spread through a variety of federal and state programs
that include inspection stations, decontamination mandates, and a series of
fees and penalties for negligent AIS transport. The extensive network of
AIS inspection and decontamination stations at both containment and
prevention stage water bodies minimizes AIS spread, with emphasis on
quagga mussels and includes federal and state-run park systems with
coverage across major highway transport routes. It is a critical landscapelevel tool for ensuring that highly visited areas such as LAKE, which hosts
an abundance of non-native and invasive species, do not become source
populations for other water bodies, particularly those with important
native species populations. This new species list provides a foundation for
developing an inventory and monitoring strategy for current and potentially
new AIS at LAKE and offers new insight on increasing the efficacy of
containment operations at LAKE. It will also assist managers at other
parks, recreation areas, and water bodies that host visitors arriving from
LAKE develop and refine prevention and education programs that target
these species.
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