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Abstract

Fast, reliable detection methods are paramount in the fight against the spread of aquatic
invasive species (AIS), and eDNA techniques provide many benefits over traditional
sampling methods. AIS are spreading rapidly around the world, reshaping ecosystems,
outcompeting native species, and experiencing explosive population growth. Some sources
cite the Laurentian Great Lakes as the most heavily invaded freshwater system in the world.
The advantages of using eDNA technology for AIS detection include: (1) it is often more
sensitive, (2) it can cover much more area, (3) it is less destructive, (4) it does not require
trapping of threatened species, and (5) it can be done with considerably less taxonomic
training. This study was implemented to test the utility of a commercially available
metabarcoding assay against a targeted, qPCR approach for the detection of four AIS in
Lake Erie. We sampled eight localities monthly throughout the summer of 2024 using both
techniques. Our target AIS were the bloody red shrimp Hemimysis anomala, the fishhook
waterflea Cercopagis pengoi, the water flea Daphnia lumholtzi, and the gammarid scud
Echinogammarus ishnus. We found that the targeted, qPCR approach was more successful
at AIS detection for our four target organisms than the specific, commercially available
metabarcoding assay that was used.

Keywords: eDNA; targeted approach qPCR; metabarcoding; Daphnia lumholtzi; Cercopagis
pengoi; Echinogammarus ishnus; Hemimysis anomala; non-native species

1. Introduction

One of the most significant threats to the Laurentian Great Lakes (LGL) ecosystems
is the presence of aquatic invasive species (AIS) [1,2], which cause an estimated USD
130 million annually in damages [3]. Some sources cite the LGL as the most heavily in-
vaded freshwater system in the world [1,4,5], with 65% of AIS release in the LGL taking
place through transoceanic ballast water release [5]. Current estimates state that ~190 AIS
have become established in the LGL, of which 30% have negative ecological or economic
impacts [6], and 10% have moderate to highly significant impacts [5,7-9]. Ecological issues
caused by AIS include: (1) competition for resources with native organisms [10], (2) AIS
becoming environmental engineers that reshape ecosystems [11], and (3) explosive popula-
tion growth through a lack of natural predators [10]. These factors result in serious changes
to ecosystem functions, fisheries and biodiversity [5] and estimates place the invasion rate
of the LGL at 1.71 species a year, the highest recorded in any freshwater system [5]. The
alarming rate of AIS establishment demonstrates the need for early detection of invasive
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species, making eDNA a necessary tool for AIS detection and prevention of their spread
through the LGL [1].

eDNA is a game-changing technology for rapid assessment of AIS in aquatic ecosys-
tems [12-14]. A meta-analysis comparing traditional survey methods to eDNA survey
methods found the eDNA methods to be less expensive, more accurate and more successful
with more species [14]. The use of eDNA allows researchers to systematically sample for
the presence of AIS in enormous bodies of water, such as the LGL, which would be impos-
sible through traditional sampling methods alone [13,15,16]. When compared to eDNA
techniques, some of the difficulties with traditional sampling methods include: (1) tra-
ditional methods require an advanced level of taxonomic expertise meaning that eDNA
methods can provide more species-specific accuracy with less training [17], (2) traditional
methods are often less sensitive than eDNA methods [18,19], (3) traditional sampling can be
intrusive to the locality being studied [15,17], (4) traditional sampling can require trapping,
which is particularly problematic when the target species is endangered or threatened [20],
(5) eDNA can detect larval or juvenile stages that cannot be distinguished morphologi-
cally [21], (6) eDNA methods can more easily cover a greater geographic area [22] and
discover more species, especially when using metabarcoding [23] and (7) traditional sam-
pling is often more expensive [19]. DNA-based detection is treated as a reliable indicator
because the eDNA signal is known to decay rapidly in bio-active water [24-26] and bio-
physical models demonstrate that passive transport reaches a maximum of a few hundred
meters to 20 km [27,28].

Generally speaking, the methodologies for using eDNA to detect AIS include tar-
geted or passive eDNA detection approaches. Targeted, also known as active, approaches
include techniques such as conventional PCR, quantitative PCR (qPCR), digital droplet
PCR (ddPCR) or nested PCR (nPCR) [13,29]. Passive approaches include techniques
such as metabarcoding via [llumina sequencing or ON-MinION field-based sequenc-
ing [13,17,24,29,30]. Both targeted and passive approaches have specific advantages and
disadvantages [13,17].

Targeted eDNA sampling of AIS started in 2008 with the detection of the American
bullfrog [31], and by 2018, such methods had been applied to over 100 AIS [12]. Targeted
approaches are used in studies that focus on one or a few important species in which a sig-
nificant amount of molecular research has already been completed [12,16,24,32]. The most
time-consuming, prerequisite step is the availability of reliable, species-specific primers
for the target organisms. This means that reliable taxonomic identification and DNA se-
quencing of the target species have already been completed, and reliable primers have
been field and lab tested because in silico tests do not always translate to specificity in PCR
and qPCR applications [33]. Targeted approaches began with PCR, but now mostly focus
on qPCR and ddPCR approaches, as these provide additional information such as DNA
copy number and lower contamination risk [26,30] even though they are more expensive
and often less accessible than PCR [13]. gPCR and ddPCR have also been used to estimate
species abundance [22]. Other approaches have successfully utilized nPCR to increase
accuracy and signal for AIS detection [24,34].

Passive eDNA detection approaches focus on metabarcoding, which employs uni-
versal primers to amplify all present organisms in a taxonomic group such as fish [35] or
zooplankton [36], followed by next-generation sequencing and bioinformatic analysis to
determine the presence or absence of AIS [13]. These techniques were first used in a pair
of marine ecosystem studies in 2015 and have increased greatly since then [21]. Much
like targeted approaches, metabarcoding is known to outperform traditional sampling
measures [23]. Advantages to passive eDNA detection over targeted approaches include
the unexpected detection of important AIS [29,36,37], the ability to obtain large amounts
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of data which can be used to identify many species, across multiple trophic levels from
a single run [38] and the reduction in labor-intensive sampling, lab work and taxonomic
expertise [21]. Metabarcoding has been shown to be sensitive and able to detect AIS when
their concentrations are below 0.5% of the total biomass being analyzed [21]. When the
metabarcoding data from different sites is viewed as a whole, it could potentially pro-
vide insight into the impact that the target AIS is having on the native ecosystem and
community [38]. Some critiques of passive eDNA detection methods include: (1) lack of
specificity, (2) eDNA being overwhelmed by more numerous species leading to potential
false negatives [19,39], (3) lowered sensitivity compared to targeted approaches [22] as seen
in bighead carp [29], and (4) incomplete or inaccurate databases which can cause misiden-
tified species [38]. Metabarcoding also falls short of qPCR and ddPCR in the accuracy of
species abundance estimation [22].

Our lab recently developed primers and qPCR protocols for four AIS known to be
established in Lake Erie and transferred by ballast water through the Laker shipping routes
in the LGL [16]. Three of those are part of this study: the water flea Daphnia lumholtzi, the
spiney water flea, Cercopagis pengoi, and the gammarid Echinogammarus ishnus. We have
also included the problematic bloody red shrimp, Hemimysis anomala, which had previously
been designed protocols and primers [18,40]. All four species are small arthropods that are
known from the LGL [16,18], but their distributions have not been fully evaluated. Due to
their small size (especially D. lumhotizi and C. pengoi being 3-7 mm), they can be difficult
to detect using traditional survey methods, and they release minimal DNA compared to
larger aquatic organisms such as fish [16].

The first purpose of this project was to use targeted eDNA protocols to better under-
stand the temporal and spatial distribution of the above four AIS in Lake Erie by monthly
sampling of multiple sites around Lake Erie during the summer months of 2024 (Table 1).
Before data collection started, a second objective was added, which was to include metabar-
coding data in order to compare passive vs. active approaches to AIS detection using eDNA.
We chose to utilize a commercially available metabarcoding assay that completes each step
of the lab work and analysis after water collection and filtration by the investigator. This
assay was used because labs with limited resources or private companies may wish to
use a similar approach toward AIS detection if they lack the equipment or bioinformatics
background to complete the work themselves. Using a commercial assay for this project
had significant drawbacks, which are discussed below. However, the assay provided the
opportunity to determine the feasibility of using commercial assays for AIS detection.
Metabarcoding for profit will potentially become a niche industry, and policy or manage-
ment choices may be determined by data collected from commercial companies. When
comparing both methods, we found that the targeted gPCR approach was more reliable for
the detection of these four species (Table 2) than the specific commercial assay we used. In
addition, we report new detection locality information for each of the targetspecies.

Table 1. Locality Information with details about where the samples were taken, GPS data and the
months sample for both types of analysis. Red letters indicate a sample was taken but failed to
produce data.

Months Sampled
Locality Information GPS Location
qPCR Metabarcoding
1. Presque Isle, PA, USA 42°9'10.8" N 80° 4’ 26.4" W M, ] T AS M,J,J,AS

Samples taken from Presque Isle Bay at the South Pier
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Table 1. Cont.

Months Sampled

Locality Information GPS Location
qPCR Metabarcoding

2. Vermillion, OH, USA 41° 25' 26.4" N 82° 21’ 54" W LLAS LILAS
Samples taken at the Vermillion Creek Estuary into Lake Erie at
Main Street beach
3. Huron, OH, USA 41°23' 564" N 82° 32/ 528" W  ],J,A,S LILAS
Samples taken at the Huron Fishing Pier on the Huron River
4. Port Clinton, OH, USA 41° 30 57.6” N 82° 56’ 9.6" W  M,],], A,S M,J,J,AS

Sample taken at Port Clinton’s Jefferson Pier, where the dock
meets the barracks

5. Maumee, OH, USA 41° 42/ 144" N 83°28' 264" W ], ], A, S LT, A, S
Samples taken in Maumee Bay, just outside Toledo, Ohio, at the

Cullen Park boat dock

6. Erieau, ON, Canada 42°15' 144" N 81°54' 324" W M,J,J,A,S M, ], AS

Samples taken in Erieau Bay, Ontario, Canada, at the halfway
point from the parking lot to the lighthouse on the pier

7. Long Point, ON, CA 42°35 164" N 80°23/ 394" W M,J,J,A,S  MJ,J,A,S

Samples taken at Long Point, Ontario, Canada, at Old Cut
Marina, the dock that intersects with Rogers Ave and Livery Ln

8. Port Colborne, ON, Canada  42° 53’ 16.0” N 79° 14’ 59.7" W M,J,J, A, S MJ],],A,S

Samples taken at Port Colburn, Ontario, Canada, on the north
side of the Port Colborne Railroad Bridge

Table 2. Column 1—locations; columns 2-13—qPCR success rate data for each species, broken up
by total monthly samples, total trials and triplicates for each locality; codes in the table: XX—AIS
not detected; Q—positive for qPCR results at that location; M—positive metabarcoding result at that
location; blue letter (M or Q)—AIS was previously found at that location; red letter—new detection
record of the AIS at that location.

1 2 3 4 5 6 7 8 9 10 11 12 13
qPCR Data
H. anomala D. lumholtzi C. pengoi E. ishnus

Location g/[a?rrll;)}llgs] %Sitaalls Triplicates g/;(;:;}li}; %‘)itaalls Triplicates gg(;:gfg ;;?;ali Triplicates Igi?:gfg; "E‘(;;all Triplicates
1. Presque Isle, PA, USA Q XX Q M&Q

qPCR success data 3/5 6/60 4/20 0/5 0/60 0/20 1/5 1/60 1/20 4/5 14/60 8/20
2. Vermillion River, OH, USA Q Q Q Q

qPCR success data 4/4 7/48 4/16 1/5 3/48 2/16 2/4 4/48 3/16 3/4 15/48 8/16
3. Huron River, OH, USA Q XX Q M&Q

qPCR success data 2/4 3/48 2/16 0/4 0/48 0/16 1/4 1/48 1/16 2/4 2/48 2/16
4. Port Clinton, OH, USA Q XX Q M&Q

qPCR success data 1/5 5/60 2/20 0/5 0/60 0/20 2/5 2/60 2/20 4/5 7/60 4/20
5. Maumee Bay, OH, USA Q Q XX Q

qPCR success data 2/4 5/48 2/16 1/4 3/48 2/16 0/4 0/48 0/16 1/4 1/48 1/16
6. Erieau, ON, Canada Q XX Q M&Q

qPCR success data 2/5 3/60 2/20 0/5 0/60 0/20 1/5 1/60 1/20 4/5 12/60 6/20
7. Long Point, ON, Canada Q XX Q Q

qPCR success data 3/5 3/60 3/20 0/5 0/60 0/20 1/5 1/60 1/20 3/5 4/60 3/20
8. Port Colburn, ON, Canada Q Q Q Q

qPCR success data 4/5 8/60 2/20 1/5 2/60 2/20 3/5 3/60 3/20 4/5 9/60 5/20
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2. Materials and Methods
2.1. Water Collection and Filtering Protocol

At each location (Figure 1, Table 1), a gloved team member waded into the lake and
filled two sterile two-liter bottles with lake water. The bottles were labeled and placed
immediately on ice until filtration took place (always by the end of the day). Between
collection sites, all gear was thoroughly cleaned and rinsed with 10% bleach solution and
dried. Most sites were sampled monthly from May to September, and exceptions are noted
in Table 1. Each water sample was used for qJPCR and metabarcoding analysis; however,
metabarcoding assays failed to provide any data for those samples.

Londone 8* eBuffalo
Michigan, USA Ontario, Canada
"N
Detroit
[
d 7
i) 6 . 2 New York, USA
Lake Erie Erie
Toled: "
" Pennsylvania, USA
3 2 Clevel
S * Sample Sites: see Table 1 for names
=== Country Boarder
’ = State Boarder
Oh]o, USA === Rivers and Tributaries
* Major Cities near Lake Erie

Figure 1. Map of Lake Erie in North America showing 8 sampling sites around the lake. Numbers on
the sites correlate to the numbered sites in Tables 1 and 2.

Each water sample to be used in qPCR was filtered through a 0.45 pum Sterivex filter
(MF-Millipore, Burlington, MA, USA). Filter housings were attached to a length of silicon
tubing with a female luer lock, which passed through a Masterflex peristaltic pump per
manufacturer’s directions (Avantor, Randor, PA, USA). The pump was set to a flow rate
of 150 mL/m and one of the 2 L lake water samples was pumped through each Sterivex
filter until complete, or the flow rate diminished to a slow drip due to a clogged filter. Once
the lake water was filtered through each Sterivex filter, 1.8 mL of Longmire’s buffer was
pipetted into each filter. Filters were then sealed, labeled, and placed on ice continuously
until they were returned to the laboratory. Tubing was then sterilized with 10% bleach
and thoroughly rinsed and dried prior to the next filtration following decontamination
protocols that have been successful in other experiments [16,26]. For each water sample to
be used for metabarcoding with Nature Metrics, the companies” written protocols were
directly followed. These filters were also treated with a DNA preservative and kept cold
until they were shipped to Nature Metrics for processing.

2.2. DNA Extraction for gPCR Assays, Inhibition Removal and Serial Dilution

DNA extraction for the eDNA samples and the genomic DNA (gDNA) used for
positive controls of C. pengoi, E. ishnus, D. lumholtzi, and H. anomala utilized the salting out
DNA extraction protocol developed by Somervile et al. [41]. The protocol provided two
eDNA samples from each Sterivex filter used, so the two eDNA samples from each location
were designated as A and B.

Day one: An amount of 180 uL of Proteinase K was pipetted into each Sterivex filter
(already containing 1.8 mL of Longmire’s buffer) and the samples were incubated at 56 °C
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for 24 h. Day Two: Solution from each Sterivex filter was carefully transferred to a labeled
15 mL Falcon tube. An amount of 800 uL of the DNA solution from the Falcon tube was
added to each of two labeled 2 mL microcentrifuge tubes. Under a fume hood, 800 uL of
24:1 chloroform: isoamyl alcohol was added to the DNA solution in each centrifuge tube.
Samples were capped and vortexed in the fume hood for ten seconds and centrifuged at
15,000 g for 5 min. An amount of 600 uL of each tube’s supernatant was removed with a
micropipette (avoiding the interface) and transferred to a clean, labeled microcentrifuge
tube. An amount of 600 uL of isopropanol and 200 uL of 5M NaCl was added to each
sample, the samples were vortexed, and then stored at —20 °C for at least one hour. After
freezing, samples were centrifuged at 15,000 g for 15 min to pellet the DNA. The liquid was
poured out from the tubes and into a labeled waste container. An amount of 300 uL of 70%
ethanol was added to each sample as a wash step and then carefully poured into the waste
container. The 70% ethanol wash was repeated, after which samples were left in a tray to
air dry overnight. Day Three: Each pellet was resuspended in 100 uL of 60 °C low EDTA
TE buffer. Samples were heated for 10 min at 55 °C before being stored at 4 °C overnight,
then permanently stored at —20 °C. After DNA extraction, each sample was subsequently
subjected to nanodrop analysis to determine if the extraction was successful.

Following extraction, each DNA sample was further cleaned to remove inhibitors
using the Zymo One Step PCR Inhibitor Removal Kit for all DNA samples (Zymo Research,
Irvine, CA, USA) following the manufacturer’s instructions. After that treatment, one
eDNA sample from each location was diluted three times to make a 125 pL dilution at 1:50,
1:100, and 1:200 dilutions. The dilution series was created so that each location could be
tested at no dilution and at each dilution listed to further reduce the possibility of inhibitors
from potentially polluted water, following protocols from McKee et al. [42] and Gruwell
and O’Brien [43].

2.3. qPCR Detection Protocol and Analysis

qPCR testing for eDNA in the Lake Erie water samples was conducted on the CFX96
gPCR machine (BioRad, Hercules, CA, USA). Each site was tested via qPCR using an
undiluted sample and the three dilutions discussed above, for a total of four dilutions per
site, and each dilution sample was run in triplicate. In total, each monthly sample from
each location sampled was tested with 12 qPCR reactions for each targeted AIS.

The generic components for each individual gPCR reaction consisted of 10 pL. Am-
pliTaq Gold 360 (Thermo Fisher Scientific, Waltham, MA, USA), 2 uL sterile H,O, 1 uL.
each primer, 1 uL. EvaGreen dye (Biotium, Fremont, CA, USA) and 5 pL of eDNA. De-
pending on the number of reactions run at any given time, that amount was multiplied to
make enough mastermix for each reaction, plus enough extra for three negative and three
positive controls.

The thermocycler protocol for H. anomala was 94 °C for 10 min, followed by 41 cycles
of denaturing at 95 °C for 30 s, annealing at 54 °C for 1 min and 30 s, and extension at 72 °C
for 1 min, then followed by an extension for 5 min at 72 °C. The sample was then heated to
50 °C and increased at a rate of 0.5 °C every 5 s until the sample reached 95 °C for the melt
curve analysis. Fluorescent data collection occurred during the annealing step and during
each step of the melt curve analysis. Reactions for C. pengoi, E. ishnus and D. lumholtzi
followed the same general protocol as H. anomala, and any differences are published in
Gruwell et al. [16].

A positive species identification was made through the presence of a Cq value, and
a melt curve shape consistent with and within £0.5 °C of the temperatures identified in
Gruwell et al. [16] and Sheehan et al. [26] for all four AIS. Positive results were not counted
unless negative controls showed no amplification, and all positive controls were successful.
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2.4. Metabarcoding Through Nature Metrics

We utilized the Nature Metrics metabarcoding services for this project because it is a
commercially available service that is easily accessible for smaller lab groups or private
companies seeking to obtain metabarcoding data about potential AIS without extensive
funding, expertise in next-generation sequencing or facilities to create and run their own
metabarcoding test. Nature Metrics provides a streamlined procedure that includes all
tools, protocols and analyses necessary for a group to obtain data without needing any lab
equipment or kits. Due to the proprietary procedures of the service used, our study was
limited because we could not manipulate key parameters that may have produced better
results. Examples of parameters outside our control include sequencing depth, filtering
criteria, taxonomic databases and primers utilized.

Given those limitations, from our many conversations with Nature Metrics, we are
confident that they have taken great care to create a thorough test to find the most abundant
species present in the eDNA samples across the arthropods. After inspecting all the data
we collected from the 33 completed assays, we hypothesize that the Nature Metrics test
would likely pick up a signal from our target AIS if their eDNA signal was present in
high enough numbers. The metabarcoding data included the detection of E. ishnus from
multiple sites. The assays also detected species closely related to all our other target species,
showing that the range of successful detection of the metabarcoding assay should include
our target AIS. Detected species that are close relatives to our target AIS included the
following: (1) Bryotrephes longimanus, which is closely related to C. pengoi as both are in the
family, Cercopagidae, (2) multiple Daphnia species in the same genus as D. lumholtzi, and
(3) arthropods from the order Malacostraca, which contains H. anomala.

2.5. Statistical Analyses Comparing Detection Methods

Three statistical tests were performed to provide a quantitative estimate of agreement
between qPCR and metabarcoding detection methods. The tests directly compared both
methods for each water sample collected, excluding four samples with failed metabarcoding
assays. Because the qPCR approach had 12 trials per water sample, the qPCR data set was
tested against the metabarcoding with three different parameters to reduce the effect of
single positive replicates: (1) total data, single detections were counted as positive, (2) semi
conservative, at least two detections needed to equal a positive, (3) most conservative,
at least three detections needed to be counted as positive. The statistical tests run were
the Cohen Kappa test (k) [44], Gwet’s AC1 test (AC1) [45] and the prevalence-adjusted
bias-adjusted kappa (PABAK) [46]. Each test provides an agreement coefficient between
one and negative one. One demonstrates perfect agreement between data sets, negative
one demonstrates disagreement, and zero demonstrates random chance. The original plan
was to run the Cohen Kappa test only, but the other two tests provide additional robustness
when one data set is heavily skewed [45,46]. Given the low number of successful detections
of the metabarcoding, the other two tests were included. Nonparametric bootstrap 95%
confidence intervals (5000) resamples were generated for each test. Positive qPCR replicates
from water samples with failed metabarcoding assays were not included.

3. Results
3.1. Assay Success

Given the specific parameters of this study, comparing lab-developed qPCR detection
protocols against a commercial metabarcoding protocol, the targeted qPCR protocol ap-
proach for eDNA detection of small animal AIS was more successful than the commercial
metabarcoding approach (Table 2). Considering the cost of both approaches, if investiga-
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tors with limited resources are seeking to detect a finite number of AIS, then the targeted
PCR-based approach will likely provide more accuracy in the detection of AIS.

The targeted qPCR method returned a total of 60 positive results from 148 water
samples tested (37 water samples each tested for four AIS) and detected each of the targeted
AIS. Two AIS, H. anomala and E. ishnus, were detected at least once at each location, C.
pengoi was detected at least once in all but one location and D. lumholtzi was detected at
three locations (Table 2 and Supplemental Table S1). Conversely, the metabarcoding assays
only detected E. ishnus at four locations (Table 2).

Thirty-three, rather than 37, water samples were tested with metabarcoding assays
due to assay failure after submission to Nature Metrics. Total data from those analyses
included 2,661,948 reads and 1205 total operational taxonomic units (OTUs). The data sets
averaged 37 OTUs with a high of 108 OTUs from Erieau in August and a low of two OTUs
from Maumee in July. The data sets also represent an average of 80,665 reads with a high of
167,187 reads from Port Colburn in May and a low of 1211 from Maumee in July. Given that
the Maumee July sample had the fewest OTUs and fewest reads, that sample may have had
issues in the collection or analysis process. Data on specific OTU numbers can be found in
the supplementary data (Supplementary Table S1). In total, the data set recovered 375 novel
DNA sequence OTUs from invertebrate organisms. Of the OTU sequences that linked to
known organisms, the data set included 67 unique families and 124 unique genera. The
total data set included 114 DNA sequences that matched unique species that are judged to
be reliable indicators of morphologically and genetically identified species.

3.2. AIS Range Data Acquired Through Both Assays

The qPCR data resulted in new detection localities for all AIS tested. Every effort was
made to control for contamination, including positive and negative controls. The detections
are assumed to be legitimate evidence of AIS DNA presence in the water sampled, even
when a single replicate produced a positive result. eDNA is known to degrade quickly,
as noted above. Despite that, eDNA detection of a species is not evidence of established
populations. Each of these AIS is documented from Lake Erie, so establishment is possible;
however, the target AIS were chosen because they are small and likely to be transported
in ballast water or by other means. Therefore, a single positive replicate in a location, as
with C. pengoi in Erieau, could be the result of an incidental collection and not evidence of
establishment. When new locations are reported below, the number of positive replicates is
also reported and can be found in the supplementary data.

Echinogammarus ishnus was detected at three of eight localities and four of 33 trials in
the metabarcoding data. The qPCR assays detected E. ishnus in all eight localities, 25 of
37 water samples and 36 of 148 triplicate series. The eDNA testing detected E. ishnus at
two new localities in Lake Erie, Vermillion River Estuary (QPCR—15 replicates) and Port
Clinton (qPCR—7 replicates and metabarcoding). Echinogamarus ishnus was previously
detected at all other localities [47].

Hemimysis anomala was never detected via metabarcoding but was detected through
gPCR assays in all eight localities, 21 of the 37 water samples and 23 of 148 triplicate series.
H. anomala eDNA was detected at four new Lake Erie localities, Vermillion River Estuary
(4 replicates), Huron River Estuary (2 replicates), Erieau Marina (2 replicates) and Long
Point (3 replicates). There did not appear to be a strong seasonal bias in the H. anomala
detection, though it was detected in every location from the September water samples;
it was also detected sporadically in each of the other months (Supplementary Table S1).
These results seem consistent with other studies in the area, which reported the presence of
H. anomala in Lake Ontario and the Finger Lakes of New York, USA, throughout the year,
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but some fluctuations in the abundance due to water temperature and life cycle [48] and
the highest densities in Lake Ontario occurring in the Fall [49].

Cercipagis pengoi was detected at seven of the eight localities tested using qPCR and
was never detected in the metabarcoding tests. In total, 11 of 37 water samples and 12
of 148 triplicate series had positive results. Of the localities with eDNA detection, six
represent new localities in Lake Erie: Presque Isle Bay (1 replicate), Vermillion River
Estuary (3 replicates), Huron River Estuary (1 replicate), Port Clinton (2 replicates), Erieau
Marina (1 replicate), Long Point (1 replicate) and Port Colburn (3 replicates). The seasonal
trend for C. pengoi favored the later months of the summer. It was never detected in May or
June; it was detected in three locations in July, three locations in August and five locations
in September. Our trials did not detect C. pengoi at Maumee Bay, though it had been
found near Maumee in the past [50] along with various other sites pelagically [47]. The
low number of replicates that displayed a positive result for this species is not surprising
because it is a mainly pelagic species that is commonly found far from shore, associated
with open water [47].

Daphnia lumholtzi was detected in the fewest localities with no positive results in the
metabarcoding tests and positive results for three of 37 water samples, six of 148 triplicate
series and three different locations: Vermillion River Estuary (August, 3 replicates), Maumee
Bay (July, 3 replicates), and Port Colburn (June, 3 replicates). All detections represented
new localities, though it was previously found near Port Clinton [51]. The most interesting
of these results was finding eDNA in Port Colburn in June because it had previously only
been known from the southwest corner of Lake Erie during the later summer months. The
southwest corner of Lake Erie is the shallowest and typically the warmest water in Lake
Erie [52]. We also note that the location of sampling in Port Colburn was in the docks where
laker ships were transporting cargo, meaning that ballast water was likely discharged in
that area.

Statistical analyses measuring the agreement between the qPCR data set and metabar-
coding data set showed low agreement in the Cohen’s Kappa (k = 0.06) and AC1
(AC1 = 0.06) but higher concordance with the PABAK test (PABAK = 0.30). In all three
tests, the agreement increased with more conservative sampling estimations, showing that
there is an increase in concordance when analytical stringency rises. However, k and AC1
were still at 0.282 for the most conservative treatment of the data (Figure 2), and none of
the treatment groups or statistical tests show perfect agreement between the two detection
methods. It is also important to note that the statistical agreement between the data sets
fails to highlight the lack of detection of four AIS by the commercial metabarcoding assay.

mm Kappa

m AC1
$ 0.75{ mmm PABAK
X
£
£
£ 0.50
:5/
£
% 0.25
=
: L
£
g 0.00 1
<

—-0.25 1
T T T
Total Data Semi-Conservative Most Conservative
Each detection = Positive 2 detections/Sample = Positive 3 detections/Sample = Positive

Figure 2. qPCR and metabarcoding agreement statistics showing Kappa, AC1 and PABAK statistics
for all three qPCR treatment groups.

https://doi.org/10.3390 /hydrobiology5020011


https://doi.org/10.3390/hydrobiology5020011

Hydrobiology 2026, 5, 11

10 of 14

4. Discussion and Conclusions

When AIS detection needs to be accurate and cost-effective, eDNA is often the most
reliable method due to the reasons cited in the introduction. The purpose of this study
was twofold: (1) to learn more about seasonal and temporal distributions of four AIS in
Lake Erie and (2) to compare the eDNA detection success of a targeted qPCR approach to a
commercially available, passive metabarcoding approach and possibly determine which
method was the more reliable within the limitations of the data collected.

As demonstrated in the results, this data set found many new detection localities for
our target AIS. We do not claim that these sites show newly (or previously undetected)
established populations. However, the detection sites provide locations of interest for
these known AIS and should be included when considering ballast water management
strategies or academic studies, such as habitat expansions of these AIS in the LGL or
investigating ecological impacts of these four invasive species. As we move forward with
our understanding of AIS distributions in the Great Lakes, care needs to be taken to slow
their spread, and the first step in control is knowing where they are currently residing. Our
hope is that the detection data provided here will help inform other investigators who are
looking to further study these AIS.

In some cases, there may be a strong argument for establishment, depending on
repeated detections, proximity to established populations and ecology of the organisms.
For example, H. anomala was detected each month at the Vermillion River Estuary, though
there is no record of it at that location on the Great Lakes Aquatic Nonindigenous Species
Information System website [47]. This species lives close to rocks, overwinters in the same
place it is found during summer months [30,40] and is established just up the coastline
in the Ashtabula River Estuary [47] and Presque Isle [personal collection by the authors].
In contrast, as mentioned above, C. pengoi is a pelagic species, so finding a single positive
detection in an area is not sufficient evidence of establishment. With the data collected,
there is not enough evidence to make assumptions about temporal distributions of the
target AIS beyond the few trends mentioned in the results.

The second purpose of the project was to provide information about the utility of
commercial metabarcoding for private companies or small labs (such as academic labs
at undergraduate institutions and local governmental groups) that wish to detect AIS or
other organisms of importance using eDNA. Often, such groups do not have extensive
resources in time and money or possibly lack expertise in next-generation sequencing and
data processing, and so utilize commercial labs that can do the work for them. With the
increase in eDNA utility and the need to better understand the environmental impact
of human activities, there will likely be a great need for commercial groups that can
provide information about the presence or absence of ecologically important species, and
metabarcoding will be an important tool for obtaining such information. To address
that potential need, this project was designed to test the strength of one commercial
metabarcoding assay against a targeted qPCR approach with known, species-specific
primers. Both approaches were tested in eight localities around Lake Erie across the
summer months (May-Sept) of 2024. For all species, the targeted qPCR approach was more
successful at eDNA detection than the commercial metabarocoding assay.

We conclude that if investigators are looking to quickly and reliably detect AIS for
which there are already primers and PCR protocols established, then they should utilize a
targeted qPCR or PCR, eDNA sampling method over the current commercial metabarcod-
ing approach. This seems to be especially important if the organisms do not dominate the
ecosystem and contribute little DNA for the metabarcoding assay to detect. We also stress
that using extreme care to follow sterile collection, PCR, and electrophoresis laboratory
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methods is paramount, especially for labs needing to use PCR methods due to available
lab equipment.

It is not surprising that, in this instance, the commercially available metabarcoding
assay may have fallen short in providing accurate AIS detection data for two reasons. First,
metabarcoding in general is prone to error, though false negatives due to amplification
bias [19,39]. Second, this commercially available test was designed for broad-spectrum
amplification, and we will not have control over the primers or other parameters used in the
sequencing process. Despite the potential for error in this case, there is an important place
for using DNA metabarcoding in AIS detection and general species sampling. Along with
the data on our focus AIS, the 33 metabarcoding analyses detected a total of 114 species, and
the data sets provided an enormous amount of additional data about species in Lake Erie
throughout the summer. Due to the scope of this study, we have not included those data sets
in this manuscript, but are working on assimilating the whole data set to discover how these
records match known species, especially AIS, in Lake Erie, with plans to publish shortly.
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OTUs and Reads for each sample collected. Codes in the table: XX—AIS not detected; Q—Positive
for gPCR results at that location; M—Positive metabarcoding result at that location; Blue Letter—AIS
was previously found at that location; Red Letter—New detection record of the AIS at that location;
Green Fill—Positive qPCR result; Orange Fill—Positive metabarcoding result; Blue Fill—Positive for
both types of assays.
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