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Abstract

Rocky Mountain tailed frogs (Ascaphus montanus) were thought to exist exclusively in two tributaries of Warm Springs
Creek watershed—Storm Lake Creek and Twin Lakes Creek, based on opportunistic observations of tailed frogs during
fish sampling rather than formal basin-wide sampling for frogs. We used extant environmental DNA (eDNA) samples
originally collected to delineate bull trout (Savelinus confluentus) occupancy to determine whether tailed frogs reside out-
side of their current known distribution in the Warm Springs Creek watershed. We were able to rapidly confirm tailed frog
occupancy in these two tributaries of Warm Springs Creek watershed, and located tailed frogs throughout the mainstem
of Warm Springs Creek where their presence was previously unknown. Repurposing eDNA samples provides a sensitive
and extremely cost effective way to determine species distributions, because existing samples can continue to be retested

for unrelated taxa without repeating field collections.
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Introduction

Rocky Mountain tailed frogs (Ascaphus montanus;
hereafter, tailed frogs) are associated with cold
montane streams of western Montana, southeastern
Washington, northeastern Oregon, central and
northern Idaho, and extreme southern British
Columbia (Leonard et al. 1993, Nielson et al.
2001). Although common throughout much of
their range, the fine-scale distribution of Rocky
Mountain tailed frogs and the factors affecting
their distribution are not always well understood
(Hayes and Quinn 2015). Relatively few surveys
have targeted tailed frogs, but their benthic tadpoles
are common bycatch during stream electrofishing
for fishes. Bycatch patterns suggest an unexplained
pattern of habitat occupancy for tailed frogs in
western Montana. Tailed frogs have only been
documented in two adjacent tributaries of Warm
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Springs Creek, Storm Lake Creek and Twin Lakes
Creek (Jason Lindstrom, Montana Fish, Wildlife
and Parks, personal observation), despite exten-
sive backpack electrofishing surveys in adjacent
tributaries with similar habitat characteristics.
The lack of sampling directed at tailed frogs
may have limited their detection in other small,
intermediate-gradient, forested streams nearby.
Targeted efforts to detect tailed frogs are necessary
to examine the potential range limitations of this
species which may help elucidate the conservation
status for Rocky Mountain tailed frogs and the
factors influencing their distribution.

Here, we investigate the putative distribution
of tailed frogs within the Warm Springs Creek
watershed by analyzing archived samples col-
lected via environmental DNA (eDNA) sampling.
Environmental DNA sampling uses genetic mate-
rial in the environment to infer species presence
without physically observing the target organism
(Jerde etal. 2011). Frequently, eDNA surveys are
conducted to determine the presence of single
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species (e.g., Young et al. 2017). However, each
eDNA sample theoretically contains DNA from
all species present within the waterbody (Taberlet
et al. 2012), offering the potential to detect other
organisms of interest. One recent study demon-
strated the utility of repurposing eDNA samples
collected targeting a large, highly mobile fish
species (bull trout, Salvelinus confluentus) to
detect a small, mostly sedentary mollusk (western
pearlshell, Margaritifera falcata; Dysthe et al.
2018). We apply a similar approach to detect tailed
frogs within the Warm Springs Creek watershed
by repurposing samples collected as part of a
range-wide bull trout eDNA survey (Young et al.
2017). This survey included eDNA sampling of
all cold-water streams in the Upper Clark Fork
8-digit hydrologic unit at 1-km intervals, includ-
ing the entire Warm Springs Creek watershed. We
selected samples collected in the Warm Springs
Creek watershed and analyzed them with an eDNA
assay that has previously been shown to have very
high detection probabilities for tailed frogs (Pilliod
et al. 2013). Without doing any additional field
work, it was possible to provide insight on the
distribution of a small, under-recorded amphib-
ian by leveraging archived eDNA samples from
a large-scale sampling effort for a charismatic,
federally-listed salmonid.

Methods

In 2015 and 2016, eDNA samples were collected
streamside by filtering 5-L of water through a 1.5
UM pore, 47 mm diameter glass microfiber filter
using protocols detailed in Carim et al. (2016a).
We extracted DNA from one half of each filter
using the QIAGEN DNeasy Blood and Tissue
kit with modifications as described in Carim et
al. (2016b) in a dedicated laboratory space at the
National Genomics Center for Wildlife and Fish
Conservation (NGCWFC; US Forest Service,
Missoula, Montana). The DNA and the remain-
ing filter half were archived at —20 °C for future
analysis. Range extension of tailed frogs would
most likely occur via the known populations in
the headwater tributaries of the Warm Springs
Creek watershed because their dispersal is primar-
ily confined to stream basins (Hayes and Quinn
2015, but see Spear and Storfer 2010). Therefore,
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we reanalyzed extant samples (n = 39) collected
at approximately 2-km intervals across the entire
Warm Springs Creek watershed (Table 1). Although
samples for the range-wide bull trout eDNA survey
were collected on 1-km interval, we reanalyzed
extant samples collected at approximately 2-km
intervals in order to rapidly and cost-effectively
inventory the watershed for tailed frog DNA.

We used an Ascaphus-specific hydrolysis assay
to test for the presence of Ascaphus montanus
(Goldberg et al. 2011, Pilliod et al. 2013). In
contrast to Goldberg et al. (2011) and Pilliod et al.
(2013), we optimized the primer and probe concen-
trations and analyzed with TagMan Environmental
Mastermix 2.0 (Life Technologies) rather than
QuantiTect Multiplex PCR Mix (Qiagen, Inc.). We
tested the specificity by screening DNA extracted
from 20 tissues from seven non-target amphibian
species and one non-target reptile species (Table
2). All samples used in this study were from
existing collections acquired under appropriate
sampling permits. Tissues were extracted with the
DNeasy Tissue and Blood Kit (Qiagen, Inc.) fol-
lowing the manufacturer’s protocol. We screened
the Ascaphus assay in vitro with tissue-derived
DNA in a single gPCR reaction. Screening was
performed on a QuantStudio 3 Real-time PCR
System (Life Technologies) in 15 pl reactions
containing 7.5 pl Environmental Master Mix
2.0 (Life Technologies), 300 nM forward primer,
600 nM reverse primer, 250 nM probe, 4 ul DNA
template (~0.4 ng), and 2.75 pl deionized water.
Thermocycler conditions included 95 °C for 10
min followed by 45 cycles of denaturation at 95
°C for 15 s and annealing and extension at 60 °C
for 1 min. To minimize the risk of sample cross
contamination, all gPCR tests were set up inside
a UV hood where consumables and pipettes were
irradiated with UV light for 1 h prior to each test.
Each test included a no-template control with
distilled water used in place of DNA template.

We tested the sensitivity of the assay by per-
forming standard curve experiments with a syn-
thetic plasmid DNA fragment from Integrated
DNA Technologies containing the 90-bp target
amplicon sequence. The plasmid was linearized
using Pvul (New England BioLabs), purified us-



TABLE 1. Locations and detection results for 39 repurposed environmental DNA samples used to analyze for Rocky Mountain
tailed frogs in the Warm Springs Creek watershed, Montana. Samples are arranged with downstream locations first.
Rocky Mountain tailed frogs detections are noted with a “+” in the result tab; no detections are noted with “-”. The #
of positive wells refers to the number of wells in which Rocky Mountain tail frog DNA amplified in each triplicate.
Site ID links to data in Young et al. (2017). Datum used for UTM coordinates is NADS3.

Date Uut™Mm Uut™Mm Uut™Mm # Of Positive
Stream Site ID Collected Zone Easting Northing Result Wells
Warm Springs Cr 489-13 9/29/2015 12 353877 5111071 + 1
Warm Springs Cr 489-15 9/29/2015 12 352157 5110718 - 0
Warm Springs Cr 489-19 9/29/2015 12 348499 5110969 + 1
Warm Springs Cr 497-1 9/29/2015 12 346861 5111716 - 0
Warm Springs Cr 533-2 9/29/2015 12 341719 5113581 + 1
Warm Springs Cr 533-4 9/29/2015 12 340126 5114309 + 1
Warm Springs Cr 539-3 9/29/2015 12 337193 5114093 - 0
Warm Springs Cr 541-1 9/2/2015 12 336217 5114438 + 2
Warm Springs Cr 558-1 9/1/2015 12 333622 5115028 - 0
Warm Springs Cr 619-2 9/1/2015 12 333478 5116043 - 0
Warm Springs Cr 619-6 9/1/2015 12 332222 5119402 - 0
Warm Springs Cr 642-3 9/1/2015 12 333434 5123642 - 0
WF Warm Springs Cr 673-1 9/1/2015 12 333673 5124115 - 0
WF Warm Springs Cr 673-3 9/1/2015 12 333701 5125988 - 0
MF Warm Springs Cr 683-1 9/1/2015 12 335270 5125328 - 0
MF Warm Springs Cr 683-2 9/1/2015 12 335226 5126252 - 0
EF Warm Springs Cr 678-1 9/1/2015 12 335367 5125294 - 0
EF Warm Springs Cr 678-2 9/1/2015 12 335676 5126143 - 0
Barker Cr 469-1 9/5/2015 12 336051 5109780 - 0
Barker Cr 469-4 9/5/2015 12 334321 5107477 - 0
Barker Cr 494-1 9/5/2015 12 335818 5111886 - 0
Nelson Gulch 485-1 9/8/2015 12 335695 5111854 - 0
Foster Cr 496-1 9/2/2015 12 336264 5114577 - 0
Foster Cr 496-5 9/2/2015 12 334823 5117722 - 0
Foster Cr 623-2 9/2/2015 12 336605 5120939 - 0
Foster Cr 676-2 9/2/2015 12 337720 5124049 - 0
Twin Lakes Cr 442-1 9/10/2015 12 328197 5104073 - 0
Twin Lakes Cr 471-1 9/10/2015 12 329334 5108993 + 3
Twin Lakes Cr 495-3 9/8/2015 12 332247 5113740 + 3
Twin Lakes Cr 495-6 9/8/2015 12 330188 5111959 + 3
EF Twin Lakes Cr 436-1 9/10/2015 12 330417 5104534 - 0
EF Twin Lakes Cr 467-2 9/10/2015 12 329437 5108019 + 3
Aqueduct 454-1 9/2/2015 12 331528 5115489 - 0
Cable Cr 578-3 9/2/2015 12 331355 5116768 - 0
Storm Lake Cr 106-3 7/12/2016 12 328860 5112895 + 3
Storm Lake Cr 106-5 7/12/2016 12 327947 5111252 + 3
Storm Lake Cr 106-7 7/12/2016 12 326674 5109657 + 3
Storm Lake Cr 106-9 7/12/2016 12 325531 5108154 + 3
Storm Lake Cr 106-11 7/12/2016 12 324885 5106536 + 2
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TABLE 2. List of species used for in vitro screening of the Ascaphus assay. Origin refers to the state or province the sample was
collected in. The gPCR detection results are reported as Y = yes (detected), N = no (not detected).

Species name Common name Origin Detected? (Y/N)
Ascaphus montanus Rocky Mountain tailed frog MT Y
Anaxyrus boreas western toad complex (western toad) ID N
Anaxyrus boreas boreas western toad complex (boreal toad) wYy N
Anaxyrus boreas boreas western toad complex (boreal toad) uT N
Anaxyrus boreas boreas western toad complex (boreal toad) CO N
Anaxyrus boreas boreas western toad complex (boreal toad) MT N
Anaxyrus woodhousii Woodhouse's toad CO N
Anaxyrus woodhousii Woodhouse's toad CO N
Anaxyrus woodhousii Woodhouse's toad CcO N
Ascaphus truei coastal tailed frog OR N
Chelydra serpentina common snapping turtle MT N
Chelydra serpentina common snapping turtle MT N
Dicamptodon aterrimus Idaho giant salamander ID N
Lithobates [Rana] sylvaticus wood frog SK N
Lithobates [Rana] sylvaticus wood frog SK N
Lithobates [Rana] sylvaticus wood frog SK N
Pseudacris maculata boreal chorus frog WYy N
Pseudacris maculata boreal chorus frog WY N
Pseudacris maculata boreal chorus frog wy N
Rana luteiventris Columbia spotted frog WY N
Rana luteiventris Columbia spotted frog WY N

ing PureLink™ PCR Micro Kit (Invitrogen) and
quantified with a Qubit 2.0 Fluorometer (Thermo-
Fisher Scientific). From this stock, we prepared
a five-level standard curve dilution series (6250,
1250, 250, 50, and 10 copies per 4 pl) in sterile
TE, and analyzed three replicates of each dilution.

The eDNA samples were analyzed on a StepOne
Plus Real-time PCR Instrument (Life Technolo-
gies) in triplicate 15-pL reactions using the same
PCR recipe and cycling conditions described
above. These samples had previously been tested
for the presence of PCR inhibitors when analyzed
for bull trout DNA via an internal positive control
(Wilcox etal. 2016). Each qPCR plate included a
triplicate positive control sample (tissue-extracted
genomic DNA) and a triplicate no-template con-
trol (distilled water). We considered any sample
with detectable fluorescence in at least one PCR
well to be positive for the presence of Ascaphus
DNA. Positive eDNA detections were considered
“expected” if historical electrofishing surveys had
previously detected tailed frogs (J. Lindstrom,
personal observation). “Unexpected” detections
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occurred where the historical electrofishing surveys
did not previously detect tailed frogs, but eDNA
analyses detected tailed frog DNA. Samples
labeled as “no detection” occurred where both
eDNA and previous electrofishing surveys did
not detect tailed frogs.

Results

We did not detect Ascaphus DNA in any of the 20
non-target tissues we tested (Table 2). The stan-
dard curve analysis resulted in an amplification
efficiency of 101.77% (standard curve y-intercept
= 35.667, r? = 0.998). The limit of detection
(lowest concentration with > 95% amplification
success; Bustin et al. 2009) for each marker was
10 mitochondrial DNA copies/reaction (mtDNA
copies/rxn) with successful detection of target
DNAinall three replicates. We detected Ascaphus
DNA in 14 out of 39 eDNA samples. As expected
from previous tailed frog detections by Montana
Fish, Wildlife and Parks (J. Lindstrom, personal
observation), four sites in Twin Lakes Creek tested
positive along with all five sites in Storm Lake



Figure 1. Locations of 39 repurposed environmental DNA samples analyzed for Rocky Mountain tailed frog DNA in the Warm
Springs watershed, Montana. Site IDs correspond to data in Table 1 and Young et al. (2017). Positive eDNA detections
are indicated with gray or white circles. Detections were considered “expected” if historical electrofishing surveys had
previously detected tailed frogs (J. Lindstrom, personal observation). “Unexpected” detections occurred where the
historical electrofishing surveys did not previously detect tailed frogs, but eDNA analyses detected tailed frog DNA.
Samples labeled as “no detection” are indicated by black triangles and occurred where both eDNA and previous elec-
trofishing surveys did not detect tailed frogs. The continental divide is displayed as a red line on the inset map.

Creek. However, five additional sites on Warm
Springs Creek downstream from the confluence
with Foster Creek also tested positive for Ascaphus
DNA (Table 1, Figure 1). These were considered
unexpected detections of Ascaphus DNA as there
were no previous records of tailed frogs here. We
did not detect tailed frogs in any other tributaries
to Warm Springs Creek. All negative control wells
tested negative for Ascaphus DNA.

Discussion

Collecting eDNA samples can be easy and quick,
allowing large watersheds to be exhaustively

sampled in short periods of time (e. g. McKelvey
et al. 2016). This approach provides high prob-
ability of detection estimates if based on assays
that are highly sensitive and taxon-specific, which
is important when documenting rare and cryptic
species (see McKelvey et al. 2008). Another ad-
vantage unique to eDNA sampling is the ability to
repurpose samples. They potentially contain DNA
from all organisms in the waterbody (Taberlet et
al. 2012) and can therefore be queried for any taxa
suspected to be present. Repurposing samples
maintains the inherent strengths of eDNA sam-
pling. Further, it allows for samples to be rapidly
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analyzed for additional species at much reduced
costs because the most expensive portions of an
eDNA-based survey, sample collection and DNA
extraction (Smart et al. 2016), have already been
completed. In this case, repurposing eDNA samples
to determine the extent of tailed frogs in the Warm
Springs Creek watershed cost approximately $800,
including labor. Metabarcoding of eDNA samples,
the simultaneous analyses of the presence of many
species, may remove the need to do sequential
analyses for species presence, but does not yet
afford the sensitivity or cost-effectiveness provided
by single-species analyses (Simmons et al. 2015,
Harper et al. 2018). Should those difficulties be
overcome, the archived samples could instead
by analyzed with that approach, again providing
substantial cost savings.

Due to the high sensitivity, ease of collection,
and ability to be repurposed, eDNA sampling
excels at efficiently and affordably confirming
the distributions of rare species or fine-tuning
range boundaries at high spatial resolution (Mc-
Kelvey et al. 2016). Further, eDNA sampling
and analyses can also reveal additional, previ-
ously unknown populations (cf. McKelvey et
al. 2016). In this study, we detected tailed frogs
in samples collected throughout the Storm Lake
Creek and Twin Lakes Creek watersheds where
they were known to be present, and we detected
tailed frogs at sampling sites in the mainstem
Warm Springs Creek where their presence was
previously unknown. In situations where there is
an upstream source of target DNA, downstream
occurrences may indicate DNA drift rather than
the presence of local organisms. In some cases
(e. g., Deiner and Altermatt 2014), downstream
drift has produced positive detections up to 10
km below the putative source. Only extensive
electrofishing of the mainstem of Warm Springs
Creek could independently validate the presence of
tailed frogs in the mainstem, but there are several
reasons why we believe that downstream drift is
an unlikely cause for the mainstem detections.
First, while some downstream transport of DNA
from tailed frogs in Twin Lakes Creek would be
expected (Jane et al. 2015, Deiner et al. 2016),
this eDNA would most likely be detected, if at
all, in the mainstem sample closest to the conflu-
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ence of the two streams. However, this sample
(Warm Springs Cr, 539-3) tested negative. Further,
downstream drift distances are limited in small
streams (Pont et al. 2018). For example, Levi et al.
(2018) found no indications of residual DNA from
a lake containing thousands of migrating salmon
when sampling eDNA at a weir approximately 1
km below the lake. Pont et al. (2018) modeled
downstream DNA drift as a function of stream
velocity and depth. Based on equations in Pont
et al. (2018), and incorporating day-of-sampling
USGS stream gauge data associated with Warm
Springs Creek (USGS 12323770 located ~10 km
downstream from our lowest site; https://water-
data.usgs.gov/mt/nwis/uv?site_ no=12323770),
downstream eDNA drift would not be expected to
exceed ~10 km given an extremely strong eDNA
source (2000 copies/L). Given that our furthest
downstream detection of tailed frogs was > 22
km downstream from the mouth of Twin Lakes
Creek (Figure 1), we feel that the likelihood that
this occurrence was due to downstream DNA drift
alone is extremely low.

The cause of the limited distribution of tailed
frogs at the eastern edge of their historical range
is unknown. Tailed frogs are a cold-water-limited
species with optimal temperatures for embryo
development being approximately 12 °C (Isaak
etal. 2017, Wernz and Storm 1969). Yet this spe-
cies is absent from most headwater streams east
of the Continental Divide in Montana, despite
being common in comparable habitats west of
that divide (Werner et al. 2004). A similar pat-
tern is evident in the Warm Springs Creek wa-
tershed even though it is west of the Continental
Divide in Montana (Figure 1). Tailed frogs may
be absent from the presumably suitable habitat
in this watershed because overland dispersal
may be difficult, especially over steep mountain
ridges such as those in upper Warm Springs Creek
(Figure 1; Hayes and Quinn 2015, but see Spear
and Storfer 2010). The dispersal of this species
from the adjacent Flint-Rock watershed into the
Warm Springs Creek watershed may have been
facilitated by the low topographic divide (< 10
m) and the abundant wetlands near the watershed
boundary with Storm Lake Creek and Silver Lake
(Figure 1). Silver Lake currently drains only into



the Warm Springs Creek watershed, but previ-
ously it had been rerouted into the Flint-Rock
watershed via a pipeline to Georgetown Lake,
which could have facilitated dispersal of tailed
frogs into the Warm Springs Creek watershed.
Regardless, the apparent failure of tailed frogs to
expand beyond this area into nearby tributaries
such as Barker Creek or Foster Creek is curious,
particularly given the hydrologic connectivity
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