Invasive species management can benefit from eDNA
(Sepulveda et al. in prep, TREE)



Monitoring network for Locations (stars) of AIS monitoring
mussel & milfoil eDNA sites in 32 Western Montana lakes

Milfoil




eDNA is a mature science & reliable monitoring tool

New journal New book Many review papers

“The strength of evidence
depends on the frequency &

consistency of positive eDNA
samples from a location”

Evidence is now extensive that eDNA detections can be reliable & often
precede visual detections of invasive species establishment.
(Rees 2014; Bohmann et |. 2014; Goldberg et al. 2015; Gingera et al. 2017, Hosler 2017)



DO large volume plankton tow net sampies proviae
better early detection of AIS than standard filter
samples?

A filter samples
only 1 liter before
filter clogs

Drag tow net to sample easily
around a dock or pier

%

We usually get MORE DNA from a
Tow net sample for DNA extraction tow net than d fllter Sample

(Sampling demonstrated in our video) (Sepulveda et al.; Schabacker at al.; Amish et al. in prep/revision)




“Improved environmental DNA detection
using a novel high volume water sampling
method” (Shabacker et al. In review)

Tow net >3,000 liters (64 micometer pore size)
Paired filter sample of 1 liter (0.45 micometer)
34 locations (Flathead, Holland, Beaver Lakes)
3 qPCR assay replicates per sample for:
Northern milfoil (Myriophyllum sibiricum)
and mollusks (including Helisoma anceps )

Tow nets detected mollusk & milfoil DNA
more often than filter samples

Planorbid snails




Tow nets detect more zebra mussel DNA
than filters in Lake Winnipeg

(Amish, Bajno, McCartney et al. In prep.)

- Tow net >7,000 liters (64 micron) *
- Paired filter 1 liter (0.45 micron) | /
- 13 locations Lake

qPCR assay for Dressenid genus

| Winnipeg
(Gingera et al. 2017 qPCR assay)

Manitoba



Tow nets detect more DNA than filters (F) in Lake Winnipeg

qPCR assay preliminary results



Tow nets detect more zebra mussel DNA DNA copy number
than filters in North Star Lake, MN Tow net ~ Filter

(Amish, Bajno, McCartney, et al. In Prep) 7
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Gingera et al. 2017 qPCR assay results
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World’s only continuous-flow quantitative PCR machine
allows source tracking and quantification while in transit

The DNA-Tracker operating by the side of
a lake to continuously monitor for eDNA.

(Youngbull et al., in commercialization)

Sites 1 to 7 are points where water | por microliter
samples were collected from a 1-9.08
speed boat. 2-4.38
3-5.37
DNA concentration of invasive zebra mussels 4-6.72
increased as the boat approached colonies 5—3.25
(sites #1 & #7) in Lake Mead. See data table in | ¢ _5 13
legend for DNA copy number detected per site. 7 — 520.0

Photos from C. Youngbull, Flathead Lake
Biological Station, Univ. of Montana.



Autonomous eDNA sampling instrument

Sampling time is programmable. Collection can be triggered by readings
from sensors for temperature, pH, turbidity, or flow.

Control panel for setting water-collection Rows of independent filtering units,
parameters for each sample (date, etc.) each collecting eDNA samples.

In development by Amish et al. (Photos from Flathead Lake Biological Station. University of Montana)



NASA project: “Predicting the Spread of Aquatic Invasive Species
Using Remote Sensing, Genetics, and Climate Modeling”

Goal: Provide managers with tools for AIS management

1. Evaluate & improve cell phone apps for AlS early detection & management
(Leif Howard et al. in prep)

2. Improve & ‘crowdsource’ databases for AlS early detection & management
- Provide computer programs for managers to upload & visualize data
on AIS detections (states, provinces, tribes, & federal agencies)

- Add eDNA data to USGS’s NAS web site and other databases

3. Build predictive models to identify hotspots of future AlS spread
- Dressenids, brook trout, rainbow trout, bass



Conclusions:

1. Plankton tow nets often detect more DNA than traditional filter
methods for diverse taxa (milfoil, mollusks, zebra mussels; & bass - see
Sepulveda et al. In Press.)

2. Researchers & managers should consider using large volume tow
net samples to improve sensitivity and early detection

3. Real time DNA tracking, autonomous sampling, cell phone aps, and
predictive models (with heat-maps of invasion hotspots) can improve
AlS early detection and management.



Future research and monitoring:

Develop decision tree with managers for interpreting and
reporting on eDNA detections (sepulveda et al. in prep., TREE)

Test aliquots from existing veliger tow net surveys for DNA
from invasive mussels

Compare sensitivity of tow nets, filters, & DNA tracker near
colonies of mussels (in Minnesota?) and invasive fish

Extend USGS round robin to include “optimized” gPCR
assays and tow net samples



Thank you!
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Environmental DNA (eDNA) is a reliable
monitoring tool

This body of work takes eDNA detection from a

technical breakthrough to an established, reliable
method




Utilizing eDNA - Limitations

 Detects DNA, not necessarily organisms
* No differentiation between live and dead

e Source of DNA (primary, secondary, etc.)
not determinable.

* Persistence of DNA in the environment is
dependent on several factors that vary
from water body to water body.

Pederson MW et al. (2015)
FROM eqo



https://pdfs.semanticscholar.org/5257/ee45f3f4b2803af74c25de2c031718b4220a.pdf?_ga=2.234061659.419702677.1551809982-794337702.1551809982
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At the lab:

=)

DNA extraction



At the lab:

=)

DNA extraction

=)

¥

Real-time gPCR
detection assay

More sensitive than a bear’s nose!

dPCR is most sensitive.
Allows multi-species ID

Sow & cubs looking for mussels



Plankton tow net (64 micron mesh size)

From around a dock or pier

50 ml tow net
sample for lab

Filter sampling
Only 1 liter of
water

=

MORE total DNA from
tow nets than filters
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Plankton tow nets process 1000s of liters and
detect more DNA than standard filter approaches

-

G

Sepulveda et al. in revision; Schabacker et al. in review; Miller et al. in prep



My immediate response would be (1) communication and (2) gather more
information. | would do this regardless if it was just 1 faint signal or a consistent,
strong signal from many samples. | would first communicate with FWP, who is the
lead agency for AlIS. They have a response plan. | would also do some “internal”
communication. Perhaps surprisingly, | would not alert the public. That is a careful
step that FWP wants to lead. Then | would attempt to size up the problem with
more information. This would include veliger tows, more eDNA and possibly SCUBA
divers. If the problem turns out to be substantial, my agency would then seriously
consider actions such as manual removal, copper treatment and quarantine on the
lake.



