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The African clawed frog (ACF, Xenopus laevis), which is indigenous to sub-
Saharan Africa, is an aquatic invasive species known to have severe ecological
impacts on native fauna when introduced into non-endemic regions. In 2015,
ACFs were detected in Washington State, U.S. for the first time, and the species is
now documented at three cities across western Washington: Lacey, Bothell, and
Issaquah. We cataloged the known ACF occurrences, early management efforts,
biological data about the frogs, and status of these invasive populations at the
three sites from 2015-2023. The ACFs appear to be established in at least three
watersheds in the Puget Sound region despite substantial effort at eradicating
them at one site. Presence of ACFs in watersheds that lack surface connectivity
implies independent introduction events, and the capture of frogs in multiple
subbasins in the same watershed may reflect the potential for further spread.
Because the ACF is nocturnal and otherwise behaviorally and visually highly
cryptic, other established populations may go undetected. Where the ACFs are
largely confined to stormwater ponds — as many of our current observations
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suggest — eradication may still be possible, though a substantial, focused effort
would be required. In addition, significant refinement of eradication approaches
will be needed to ensure effectiveness in topographically and vegetatively
complex Pacific Northwest aquatic environments.

KEYWORDS

African clawed frog, Xenopus laevis, Washington State, aquatic invasive

species, amphibian

1 Introduction

Aquatic invasive species are a significant threat to freshwater
ecosystems globally and particularly in North America (Lucy and
Panov, 2014; Havel et al,, 2015). Although climate-driven range shifts
and land use change have facilitated some invasions, other
anthropogenic activities like fishing, the pet trade, and the
movement of garden and landscaping materials have also resulted
in the introduction and establishment of many harmful invasive
amphibian species outside of their native ranges (Lockwood et al.,
2019; Gervais et al., 2020; Poland et al., 2021; Hossack et al., 2022).
African clawed frogs (ACFs, Xenopus laevis), which are native to sub-
Saharan Africa, are one of the most widely distributed invasive
amphibian species globally (Williams, 2011; Van Sittert and
Measey, 2016). Starting in the 1930s, ACFs were reared in
laboratories for use as human pregnancy tests, and they have since
become a model organism for scientific research and a common pet
(Gurdon and Hopwood, 2000; Burggren and Warburton, 2007).
Because of their prevalence in these global industries and their
longevity, ACFs have been released into numerous waterways of
the United States (U.S.) (U.S. Fish and Wildlife Service, 2017). ACFs
may threaten native biodiversity through predation, competition,
and/or as carriers of novel pathogens (Vredenburg et al., 2013; Duffus
et al., 2015; Schoeman et al., 2020).

In the U.S., ACFs were first documented in the state of Florida
in 1964, and subsequently in the states of Arizona, California,
Colorado, Massachusetts, North Carolina, Texas, Virginia, and
Wisconsin from 1965-1996 (Crayon, 2005; Somma and
Freedman, 2023). Unsubstantiated sightings of ACFs have also
been reported in Nevada, New Mexico, Utah, and Wyoming.
Once established, ACF population levels typically do not decline
unless extirpated by early, labor-intensive eradication efforts, as
occurred in Texas, or when confronted with extreme cold weather
events (Measey et al., 2012; Tinsley et al., 2015; Somma and
Freedman, 2023). Despite attempts to control ACFs in some
locations - including restricting the species in the pet and
biomedical trade - the global spread of ACFs is likely to continue
due to additional releases in concert with regional climate shifts
that favor ACF persistence (Measey et al, 2012; Andersen
et al., 2021).
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In July 2015, two ACF populations were independently
discovered in Washington State, marking the species’ first detection
in the state (Ojala-Barbour et al., 2021). Since then, an additional
population has been documented, and ACFs are now known to
occupy three different urbanized areas of the Puget Sound region. All
three cities with ACF introductions (Figure 1) are found in distinct,
hydrologically divided watersheds in western Washington. Multiple
organizations have responded to the discovery of ACFs in
Washington, with early efforts focused on eradication of the ACFs
and subsequent work aimed at scientific monitoring to determine the
extent of ACF establishment, breeding, and/or potential spread.

Here, we catalog the known ACF occurrences, early
management efforts, and additional data collected on invasive
ACFs in Washington from 2015-2023. We build on a report by
Ojala-Barbour et al. (2021), which detailed management history
and concerns related to the Washington ACF invasion. Multiple
entities and individuals were responsible for information gathered
after the Ojala-Barbour et al. (2021) report; ACF collection data are
cataloged by the Washington Department of Fish and Wildlife. Our
goal was to briefly summarize this report and expand upon it with
details on subsequent ACF research and management efforts in
Washington State, with suggestions for future directions.

2 Review and updates on African
clawed frog populations in
Washington State

Because ACF surveys at the three western Washington sites had
various objectives (e.g., control and eradication in service of
conservation goals, live animal collections for research projects, and
monitoring for educational purposes), intensity and duration of
trapping effort were inconsistent across sites. Aquatic funnel traps of
various configurations, typically containing bait (cat food, tuna, or raw
chicken), were primarily utilized because of their success in capturing a
wide variety of amphibian species at varying levels of efficacy (Adams
et al,, 1997; Kronshage and Glandt, 2014; Swartz and Miller, 2018). The
captured invasive frogs were humanely euthanized following procedures
recommended by the American Veterinary Medical Association
(AVMA) as described by Underwood and Anthony (2020).
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Inset maps of the contiguous United States with Washington (WA) State delineated and the western WA study area highlighted in yellow. Satellite
map of western WA, along the Puget Sound coastal waters (shown in dark blue), displaying the locations of the first three African clawed frog
populations discovered within Thurston, Snohomish, and King counties (gray shading) in the cities of Lacey, Bothell, and Issaquah, respectively (pink
diamonds). Lake Washington, the second largest lake in WA State, is southwest of Bothell, and Lake Sammamish is northwest of Issaquah (interior

waterbodies shown in light blue).

2.1 Lacey, WA (first ACF detection site)

In Thurston County in July 2015, a state government employee
spotted a frog and recognized it as a non-native species in a city-
owned stormwater retention facility located in Lacey, WA (Figure 1;
Boone, 2017). The stormwater facility, comprised of three ponds, is
located near Saint Martin’s University (Figure 2). Ponds 1, 2, and 3
are 4,200, 14,600, and 4,600 m? in size, respectively. Ponds 1 (the
stormwater receiving pond) and 2 (a storage pond) have a permanent
water linkage via a valved pipe. Further, water from Ponds 2 and 3
intermittently mix during stormwater overflow events (Ojala-
Barbour et al., 2021). All three ponds receive water primarily from
a network of stormwater pipes that are part of the Thurston County
drainage system within the Woodland Creek basin (Berris, 1995).
Pond 2 has a connection to the creek via an overflow standpipe
(Figure 2). The City of Lacey erected a silt fence around each of the
three stormwater ponds in 2015. These fences were intended to
minimize ACF dispersal out of the ponds until potential future
management efforts emerged. From 2015-2017, various
organizations seined, trapped, drained, and/or experimentally salted
the ponds in attempts to remove ACFs (Ojala-Barbour et al., 2021).
These eradication endeavors resulted in over 6,200 ACFs removed
from the three ponds (Table 1), with managers hoping that ACFs
were eliminated from Pond 1, the only pond that had been salted, and
their numbers reduced in the other two ponds at the Lacey site.

In 2018, ACFs were found in the storm sewers connected to the
ponds. The discovery of frogs in the sewer suggested that the sewer
pipes were utilized as additional habitat from which the ACFs were
able to recolonize the ponds (Ojala-Barbour et al, 2021). The
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recolonization by ACFs was confirmed by the capture of 27
young adult frogs and three metamorphs (n = 30) during a single
day of trapping in Pond 1 in June 2018. These captured animals
were used in a pilot study to determine ACF susceptibility to fish
rhabdoviruses (E.J. Emmenegger, personal communication 2024).
Additionally, these frogs were screened for chytrid fungi,
Batrachochytrium dendrobatidis (Bd) and Batrachochytrium
salamandrivorans (Bsal), via skin swabs using standard DNA
extraction and molecular (qQPCR) testing protocols (Boyle et al,
2004; Blooi et al, 2013). All frogs captured in 2018 were Bsal-
negative. However, they had 76.67% prevalence for the Bd fungus
(23 Bd-positive frogs/30 tested).

Over a 10-day trapping event in July 2019, an additional 82 live
frogs were collected from Ponds 1 and 2 for further fish rhabdovirus
susceptibility testing (E.J. Emmenegger, personal communication
2024). Because ACFs were found to disperse within the storm
sewers feeding into the three-pond complex in Lacey (Ojala-
Barbour et al., 2021), surveys of 35 additional (adjacent)
waterbodies within a 1-km radius of these sites were proposed in
2020, of which 23 sites had sufficient water to place traps. Thirteen
ACFs were detected in Lacey Ponds 1 and 2, but no frogs were
found in any of the adjacent ponds over a 19-day trapping period
with typically 12 traps set at each site for 3 consecutive nights. A set
of tissue samples (n = 174) collected in 2020, the majority from
ACFs but also including some tissues from invasive American
bullfrog Lithobates catesbeianus and native rough-skinned newt
Taricha granulosa, were screened for ranaviruses (an iridovirus) via
qPCR assays (Mao et al., 1997; Stilwell et al., 2018). No ranaviruses
were found in the animal tissues screened from the Lacey ponds.
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FIGURE 2

Zoomed in map of Lacey, Washington site. First detection of African clawed frogs (ACFs) in Washington State occurred at the City of Lacey
Stormwater Ponds, referred to as the College Regional Ponds 1, 2, and 3, located near Saint (St.) Martin's University in July 2015 (pond numbers in
pink font on satellite map). There is a connection from Pond 2 to Woodland Creek (streamline delineated in blue). This ACF site is located entirely

within the Woodland Creek-Frontal Henderson Inlet basin.

In the latter half of 2021, trapping was reinitiated at the Lacey
site for a research study testing different trap bait efficacies (M.R.
Friesen et al. unpublished 2024) and to develop a preliminary
population estimate prior to further eradication attempts. From
early June through late October 2021, intermittent trapping was
conducted in all three ponds for a 22-day period. Captured ACFs,
primarily collected from Pond 1, were marked with toe clips and
released. Although 428 total frogs (418 juveniles/adults and 10
tadpoles) were captured, too few frogs were recaptured to
sufficiently model population size. Trapping resumed, primarily
in Pond 1, in early February 2022 and continued until mid-October,
with 55 total days of trap monitoring. High trap success was
observed again in 2022, with 2,157 ACFs collected in total (2,060
juveniles/adults and 97 tadpoles). All tadpoles were captured in the
month of July and most juvenile/adult frogs (n = 1,977) were caught
in the last 4 weeks of trapping. In July 2023, traps were set for 2
nights, for a global ACF microbiome research project (John Measey
of Stellenbosch University, personal communication 2023), with a
total of 30 frogs caught in Pond 1. During annual sewer
maintenance, the City of Lacey has continued to find multiple
ACFs in the storm sewer system that drains into these ponds (Doug
Christenson, City of Lacey, personal communication 2020),
suggesting future spread is possible.

2.2 Bothell, WA (second ACF detection site)

A second Washington State ACF population was found in July
2015 within Snohomish County in the city of Bothell. Bothell is
located approximately 16.1 km northeast of Seattle, WA and lies
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within both Snohomish and King counties (Figure 1). A single ACF
was captured by children fishing in a stormwater retention pond
(Figure 3) located in the North Creek drainage on the Snohomish
County side of the city (Ojala-Barbour et al,, 2021). The mainstem
of North Creek is 16 km long and runs north to south through a
commercial zone and residential areas before discharging near
Bothell into the Sammamish River, which eventually flows into
Lake Washington, the second largest lake in the state (Scheffer and
Robinson, 1939; Fevold et al., 2001).

From September to November 2015, traps were deployed
intermittently (n = 8 field days) at the Canyon Park West Pond
where the first ACF was observed (this location was informally
termed ‘Ground Zero Pond’ by Washington Department of Fish
and Wildlife in Ojala-Barbour et al., 2021). This effort captured 40
ACEFs, confirming the presence of a new ACF population (Table 1).
The Canyon Park West Pond is a 6000 m” pond in the Canyon Park
business development of Bothell and is connected to the main
channel of North Creek via three outlet pipes.

From April to August 2016, intermittent surveys (n = 27 days in
total) were conducted at eight stormwater retention pond sites
within a 3.2-km radius from the Canyon Park West Pond along
North Creek (Ojala-Barbour et al., 2021). ACFs were detected in
three ponds. These ponds included re-detection at the Canyon Park
West Pond and new detections at “Richards Pond Large” (300 m” in
size and connected to the Canyon Park West Pond by a culvert) and
the “Twin Ponds” site (two small, linked ponds, 44 and 28 m* in
size, respectively, that are 1.5 km downstream from the Canyon
Park West Pond). Despite this substantive effort, only 33 ACFs were
captured, suggesting a relatively low density in the Bothell sites. In
July 2017, six minnow traps were placed for one night in the
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TABLE 1 Summarized highlights from the response to the initial detections of invasive African clawed frogs (ACFs, Xenopus laevis) in western Washington (WA) State from 2015-2023.

2oua12§ anday pue uelqiydwy Ul SIS1UOIS

S0

[SSIRVFETM ST

ACEF Site . . . . . .
i T Maps Hydrologic unit Collection Sampling Treatment or Trap/ Bait Type Frogs Life
Y P code (HUC12) Years Days® Netting Type? in Trap® Collected = Stages®
WA State)
Lacey 2015 18 Minnow, mega, & seine Sardines or cat food 4,379 Mixed
2016 17 Minnow & mega Sardines or cat food ~1311 Mixed
2017 ~11-14 Salting & minnow Sardines or cat food 513 Mixed
2018 1 Minnow & mega Tuna or cat food 30 Adult & juv
. Woodland Creek-Frontal 2019 10 Minnow Tuna or cat food 82 Adult & juv
Figures 1 & 2 171100190502
Henderson Inlet
2020 19 Minnow & mega Sardines or cat food 13 Adult & juv
Cat food, lure,
2021 2 Minnow A foots e, o 428 Mixed
no bait
2022 55 Minnow Cat food 2,157 Mixed
2023 30 Minnow Raw beef liver 30 Adult
Bothell 2015 9 Incidental, minnow, & mega Sardines or cat food 41 Adult
2016 27 Minnow & mega Sardines or cat food 33 Adult
2017 1 Minnow Tuna or cat food 2 Adult
2018 n/a No trap surveys n/a n/a n/a
Figures 1 & 3 171100120302 North Creek 2019 77 Minnow Tuna or cat food 4 Adult
2020 n/a No trap surveys n/a n/a n/a
2021 n/a No trap surveys n/a n/a n/a
2022 51 Minnow Tuna or cat food 7 Adult
2023 3 Minnow Tuna or cat food 1 Adult
Issaquah 2020 1 Incidental capture n/a 1 Adult
2021 22 Minnow No bait 369 Adult & juv
Fi 1 &4 171100120202 Sammamish River and
gures 171100120201 Issaquah Creek 2022 172 Minnow & incidental capture Tuna or cat food 780 Adult & juv
Tuna, cat food,
2023 2 Minnow e can 005 oF 83 Adult & tad

raw chicken

"Total number of days that traps were set for a given year. For some trapping sessions, given the number of entities/individuals involved, the number of trapping days is an approximation.
Funnel traps were collapsible (minnow) and large custom-built enclosures (mega); 16 ppt brine solution followed by dip netting (salting); incidental capture (1-day) event did not utilize traps.

*Types of bait used in the funnel traps included: canned (wet) cat food, canned tuna packed in food-based oils, canned sardines packed in food-based oils, raw chicken or beef liver cut into pieces, and dark-colored frog-shaped fishing lures. During some trap surveys no

bait was utilized. n/a: not applicable.

“Frog life stages collected or observed within a given year included: adult, metamorph/juvenile (juv), or tadpole (tad). "Mixed" indicates all life stages were collected/observed in that year.
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Canyon Park West Pond, and only two ACFs were captured. No
trapping surveys were conducted in 2018.

Trapping and removal efforts, using only minnow traps, were
reconvened in 2019 by Trout Unlimited and the U.S. Geological
Survey (USGS). One trap each was placed in the Canyon Park West
and Richards Pond Large ponds in mid-April. Traps were checked
every 2-3 days until early July. After 3.5 months of trapping in 2019,
only four ACFs were removed from Richards Pond Large (all captured
on a single day), supporting the previous speculation that there is a
low density of ACFs in this region. No trapping or monitoring of
ACFs occurred in the North Creek system in 2020 or 2021.

In 2022, traps were again placed in the two Canyon Park ponds
from March to mid-May (3-8 traps each at the Canyon Park West
and Richards Pond Large sites), capturing 7 frogs in total. Two frogs
captured in May 2022 were screened for chytrid fungus (Bd), and
both tested negative. An additional isolated pond, in a busy
shopping complex of Bothell that does not run adjacent, nor
connected, to North Creek but is 1.2 km directly SW from the
Canyon Park West Pond, also had 2-6 traps deployed from April-
May 2022, and 9 ACFs were removed (Figure 3). As part of a
University of Washington-Bothell (UW-Bothell) biology class
project, trapping surveys were initiated to monitor the potential
spread of the ACF into the lower North Creek subbasin. For about
one month starting in early April 2022, four traps each were placed
1) in a pond near the North Shore School District Building, 2.2 km
downstream from the Canyon Park West Pond, and 2) at the UW-
Bothell wetlands, which are approximately 1.9 km farther
downstream and 0.9 km from North Creek’s confluence with
the Sammamish River (Figure 3). No frogs were detected in the
downstream pond and wetland sites located closer to the
Sammamish River confluence.

Lastly, in July 2023, six minnow traps in total were set at the
shopping complex pond and Richards Pond Large (Figure 3) for 3
nights of trapping with only 1 frog captured. Collectively, these
intermittent trap surveys in Bothell further document an apparently
low population density of ACFs in the North Creek system and
suggest an absent or limited downstream migration to the
Sammamish River.

2.3 Issaquah, WA (third ACF detection site)

In July 2020, an ACF was detected in King County, WA by a
private contractor who incidentally caught one frog during a fish
capture and relocation effort at a pond located in the City of
Issaquah. Issaquah is approximately 27.4 km east from downtown
Seattle and surrounds the southern end of Lake Sammamish
(Figure 1). The contractor reported the finding to the
Washington Invasive Species Council (The Watershed Company,
2020). This first ACF was identified in a sediment pond near
Tibbetts Valley Park, located within the Tibbetts Creek subbasin
(Figure 4; Table 1). The Tibbetts, Issaquah, Laughing Jacobs, Lewis,
Inglewood, and Pine Lake Creeks are a series of subbasins that all
flow into Lake Sammamish (King County, 2008). The city of
Issaquah has a network of stormwater retention ponds and
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ditches that drain into Lake Sammamish to aid in the movement
of rainwater during high overflow events (City of Issaquah, 2004;
King County, 2014). No follow up surveys occurred in 2020 due to
the coronavirus disease of 2019 (COVID-19) pandemic.

In June and July of 2021, as part of an undergraduate research
project at Pacific Lutheran University, trapping surveys were
performed in 10 natural and constructed ponds within the
Tibbetts Creek and Issaquah Creek subbasins (n = 20 unbaited
minnow traps per night per pond). ACFs were detected at four of
the constructed stormwater ponds, designated Ponds 1, 2, 3, and 4
(Figure 4). Ponds 1, 2, and 3 are within the Tibbetts Creek subbasin,
and Pond 4 is in the Issaquah Creek subbasin. Four nights of
trapping at Ponds 1 and 4 captured 206 and 4 frogs, respectively. At
Pond 2, a single night of trapping removed 56 frogs, while 12 nights
of trapping at Pond 3 collected 103 frogs. The observed ACF size
distribution changed seasonally, with smaller, recently
metamorphosed frogs only captured in late July. This cluster of
ACFs (total n = 369 frogs), described from multiple locations within
the Tibbetts and Issaquah Creek subbasins in 2021, is considered
the third population of ACFs found in western Washington.

In 2022, Trout Unlimited, with assistance from USGS,
continued trapping and eradication efforts in Issaquah by using
an assortment of funnel traps with variable trap densities among
sites (Figure 4). Monitoring started in mid-January 2022 at Pond 1
and continued through the summer. Water temperatures ranged
from 5.1°C in the winter to 20-22 °C in all four ponds when
trapping ended in July. The first ACFs captured (n = 36), were
caught from January to early March utilizing 1 - 3 traps at Pond 1
per day, and then 4-7 traps were deployed daily until early July with
210 more frogs removed. Surveillance of ACFs at the other three
Issaquah ponds occurred from April to July 2022, with 6-9 traps
deployed at Pond 2, 4-8 traps set at Pond 3, and 2-12 traps placed
in Pond 4. A total of 339, 164, and 29 frogs were captured in Ponds
2, 3, and 4, respectively. Some of the frogs collected in May 2022 (n
= 6) were swabbed and screened for the Bd fungus as part of a
Pacific Northwest Bd genetic lineage study (T.S. Jenkinson et al.
unpublished 2024), and 2 tested positive. A total of 778 ACFs were
removed from the four Issaquah ponds during the intensive 2022
trapping effort. Additionally, in April 2022, two adult ACFs were
incidentally captured during fish sampling at the southern end of
Lake Sammamish near the mouth of Issaquah Creek, located just
east of Tibbetts Creek (Figure 4; Joseph Short of the Washington
Department of Fish and Wildlife, personal communication 2022). In
July 2023, eight traps each were deployed at Ponds 1 and 2
(Figure 4). During the 2-night trapping activity, approximately 81
adult frogs and 2 tadpoles were captured and removed from these
two Issaquah ponds. The ACFs introduced into the Issaquah and
Tibbetts Creeks appear to have reproducing populations that are
thriving and may be dispersing downstream.

3 Discussion

ACFs appear to be well-established in at least three watersheds
in the Puget Sound region of Washington State. Multiple entities
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Zoomed in map of Bothell, Washington site. Later in July of 2015, a second African clawed frog (ACF) population was found in Washington State at
the Canyon Park West Pond (red star on satellite map), also known as the ‘Ground Zero' pond, in the North Creek subbasin (streamline delineated in
blue and basin shaded in translucent light gray) within the city of Bothell, WA. The presence of ACFs was detected at three additional locations,
Richards Pond Large, Shopping Mall Pond and Twin Ponds (labeled pink circles), during subsequent trap surveys from 2016—-2023. No frogs were
captured at the two downstream sites near the North Shore School District Administrative building and University of Washington (UW)-Bothell

Wetlands area (labeled white circles).

have now identified robust ACF populations in the disparate
urban regions of Issaquah and Lacey, with possibly sparser ACF
densities observed in Bothell. Despite intensive albeit ad hoc
removal efforts, no eradication attempt has had long-term
success in any water body in Washington. The apparent failure
to meaningfully control ACF populations despite significant
collaborative effort over eight years underscores the challenges
with studying and managing invasive ACFs. Further, the full
extent of ACF occurrence in the Puget Sound region is poorly
understood due to a lack of systematic sampling and the cryptic
behavior of this highly invasive aquatic species. Additional ACF
sightings in the region have come from incidental reports from the
public but have not been investigated.

An open question is whether the three ACF populations
represent multiple independent introductions in Washington State
or an older invasion that has been spreading undocumented for some
time. However, the fact that ACFs are in widely spaced and
hydrologically discrete watersheds within western Washington State
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may suggest independent introduction events. Microsatellites
(nuclear DNA), mitochondrial DNA, and genome sequencing are
complementary molecular techniques that have been used to confirm
the species associated with invasive frog colonizations and generate
ACF phylogenies to discern genetic lineages/population structures of
introduced ACF populations (Evans et al., 2015; Furman et al., 2015;
De Busschere et al., 2016; Goodman et al., 2021; Pauwels et al., 2023;
Premachandra et al., 2023). Based on trade records, ACFs introduced
into the U.S. are likely of Asian origin, but also potentially from Chile
or South Africa (Measey, 2017). It may be beneficial for regulatory
and management response strategies to determine the genetic
lineages of ACF populations in Washington State, which could
provide clues to the route of their introduction pathway (e.g.
international pet trade, laboratory/supplier breeding stock,
domestic/regional translocation, or other sources).

Globally, many initial introductions of non-native ACF
populations occurred in bioclimatic zones that have dry summers
and mild wet winters, like the Mediterranean regions of Portugal,
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Zoomed in map of Issaquah, Washington site. Third African clawed frog (ACF) population found in 2020 at a pond near Tibbetts Valley Park (red star
on satellite map) in Issaquah, WA within the Tibbetts Creek drainage of Lake Sammamish-Sammamish River subbasin (non-shaded area). Trap
surveys in 2021 at 10 sites in the Tibbetts Creek and Issaquah Creek subbasins captured ACFs at four ponds (pink circles labeled 1, 2, 3, and 4) with
no frogs detected at the other six ponds (unlabeled white circles). Frogs were found again in 2022 at the four sites with two additional ACFs
collected near the confluence (labeled pink circle) of Issaquah Creek and Lake Sammamish. Streamlines delineated in blue and Issaquah Creek

drainage area shaded in translucent light gray.

Italy and Chile, because they are considered optimal niches for ACF
establishment (Measey et al., 2012; Lobos et al., 2013; Sousa et al,,
2018). More recently northern intrusions of ACF populations into
climatic areas initially thought of as less suitable have been
discovered, such as in France and Belgium. This ACF invasion
expansion may be potentially linked with regional climate shifts in
conjunction with ACFs’ high capacity for adaptation and
phenotypic plasticity (Ihlow et al, 2016; Courant et al., 2018;
Kruger et al, 2022; Pauwels et al, 2023). Similarly in North
America, some of the earliest ACF populations established were
in the state of California on the southwest coast of the U.S. (Measey
et al,, 2012), and the northern spread of ACFs into coastal
Washington State seems to be following a similar invasion
pattern occurring in other parts of the world. The primary
dispersal mechanisms of ACFs include anthropogenic-assisted
movement, overland migration, and disturbed/constructed aquatic
habitats (agricultural ponds, stormwater retention ponds, irrigation
channels, etc.) that have flow linkages to streams/rivers. The latter
mechanism appears to be the most frequently reported means of
invasive ACF establishment and subsequent dispersal (Measey
et al.,, 2012; Measey, 2016; De Villiers and Measey, 2017;
Vimercati et al., 2024).

In our case study, the presence of ACFs in multiple subbasins in
the same watershed is another indicator of a species capable of
spreading on its own. Further, the incidental capture of two ACFs
within Lake Sammamish opens the possibility of movement of this
invasive species between the waterbodies in Issaquah, through Lake
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Sammamish, to similar waterbodies in Bothell, like North Creek,
which drain into the Sammamish River. All ACF-invaded watersheds
in Bothell and Issaquah ultimately flow into Lake Washington.
Invasive ACFs that occupy constructed stormwater ponds, which
are typically linked to natural waterways, may be flushed downstream
during high water events (heavy rain, flooding, combined sewer
overflows, etc.) significantly expanding their range of intrusion
(Van Dijk, 1977; Le Viol et al, 2012). Overland movement of
ACFs has been observed near the Lacey site (Ojala-Barbour et al,
2021). The presence of chytrid fungus (Bd) in two of the ACF
populations in western Washington (Lacey and Issaquah) may also
be of concern if these ACF-associated Bd lineages are novel or
become disseminated because ACFs are known asymptomatic
carriers of the fungus (Weldon et al., 2004; Wilson et al., 2018).
Managing ACFs may be more difficult if the species exhibits a
“hydra effect” (Grosholz et al., 2021). ACFs are known to have a
diverse diet, including cannibalism of larval conspecifics (Measey
et al,, 2015; Thorp et al., 2019). The hydra phenomenon, wherein
eradication efforts of older life stages reduces cannibalistic pressure
on younger life stages, potentially leads to an explosive population
rebound that may exceed original population densities (Grosholz
etal., 2021). Two observations in Washington State in 2022 suggest
the hydra effect may occur in the invasive ACF system. First, in
Issaquah, after continued removal of juvenile and adult ACFs using
minnow traps at Pond 2, swarms of schooling ACF larvae were
observed in the center of the pond in early fall. Second, in Lacey, for
reasons associated with prior trapping removal efforts and/or some
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stochastic event, a collapse in the ACF population at this site seems
to have occurred, because we caught few frogs for much of 2022
(February to mid-September). We eventually began catching
numerous frogs at the end of the trapping season (mid-October),
and all were recently metamorphosed juveniles and young adults.
This observation may suggest that a small number of remaining
ACF adults successfully bred, and that the Lacey population
reestablished in late summer with a newly-metamorphosed cohort
(Ojala-Barbour et al., 2021). Alternatively, the complex habitat of
the Lacey stormwater ponds, such as the interconnecting pipes or
water flows between ponds, sediment escape refugees, and gaps in
the containment fence, could also cause a resurgence in juvenile
frogs. Both hypotheses may help explain why prior eradication
efforts of ACFs in Washington were unsuccessful.

Our limited knowledge of the extent of the ACF invasion in
Washington coupled with the apparent failure of removing frogs by
mechanical methods, suggest a challenging path forward for ACF
management in the state. More robust inventory efforts, such as
eDNA sampling, could help to elucidate how widespread ACF
populations are in the region (Morisette et al, 2021). Whether
ACF eradication in Washington State is a possibility at this point is
unclear, especially given the limitations of the initial and ongoing
scope and effort. If ACFs are largely confined to stormwater ponds —
as most of our current observations suggest — it may still be possible
to contain the species through suppression, although substantial
effort, far exceeding prior efforts, would likely be required to achieve
eradication at site, basin and statewide scales. We highlight the need
to develop a national or regional strategy to reduce the risk of ACF
introduction and spread in other jurisdictions, as currently, no ACF
or invasive frog management strategy or plan exists. A western or
national coordinated strategy could help to identify and prioritize
actions to reduce risks and facilitate responses across larger scales.
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