Towards an understanding of population structure and adaptation by invasive northern pike:

an overview of an emerging research program

Peter Westley, Assistant Professor of Fisheries, College of Fisheries and Ocean Sciences,
University of Alaska Fairbanks

The northern pike invasion in Southcentral Alaska simultaneously represents a pressing
conservation crisis and an opportunity to learn about about the ecology and evolution of the
invaders in novel environments. In this talk, I give a brief overview of a series of recently initiated
complementary projects that seek to (1) understand the structure of existing populations, the
source population(s) of the invasion, and the potential for contemporary evolution using RAD
Sequencing approaches, (2) use environmental DNA techniques to identify established invasive
populations in the Yentna River basin, and (3) elucidate patterns suggestive of coexistence or
exclusion of salmonids by northern pike. Although much of this work is in its infancy, emerging
results from a comparative diet study suggest that northern pike prey more heavily on salmonids
in the invasive range compared to the native range. However, it is not clear whether the current
abundance of salmonids in the diet represents a path towards extirpation of salmonids by
northern pike or long-term sympatry of the species as seen throughout the native range.
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Alaska at the front
lines of i mvasuons

Y,
inr information leading to the conviction of someone introducing
northern pike into Kenai Peninsula waters.
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Northern pike have impacted
-.me Chinook salmon populations

Pike harvest
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No obvious impact of northern
pike in the Deshka River
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An invasion par'aalox

Northern pike and salmon appear to coexist in Bristol
Bay and many interior watersheds (e.g. Chena River),
and in at least some watersheds in Southcentral, Alaska

(Google images)



The overarching question

What set of factors determine coexistence or competitive
exclusion between salmonids and northern pike?
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A lack of understanding of

northern pike in the nat/ve range,
impedes our ability to predict
impacts in the /nvasive range
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Towards a better understanding

A whirlwind look at three
projects:

1. Population structure and adaptive
potential

2. Distribution using eDNA

3. TrOphiC eCOIOgy th rough diet S:ap ing northern pike from Lake Nerka in Bristo h
. Bay, 2016
comparisons ay



Population structure and
adaptive potential

Objectives:

1. Quantify genetic diversity of invasive
populations and place it within the

context of the natural diversity of the iy bt N i e %
species Kristine Dunker, Jeff Falke, USGS, Andres Lopez, UAF
ADF&G AKCFWRU, UAF

2. Correlate genetic (and potentially
phenotypic) diversity with landscape-
level environmental features

3. Provide evidence of source F e

population(s) of invasive range: single or Adam Sepulveda, NOROCK,
multiple sources? Size of founding USGS AKCFWRU, UAF

populations(s)
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Five populations currently
being sequenced

http://browse.alaskamapped.org/orthos
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Quantifying northern pike
distribution using eDNA

Objectives:

1. Confirm presence or absence of northern
pike in vulnerable west Cook Inlet
watersheds

USGS

Andy Wizik, CIAA
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Results suggest northern pike
in Chuit Lake and Nikolai Creek

http://akssf.org/default.aspx?id=2461
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TECHNICAL NOTE

An evaluation of target specificity and sensitivity of three gPCR
assays for detecting environmental DNA from Northern Pike

(Esox lucius)

Jeffrey B. Olsen - Cara J. Lewis - Robert L. Massengill -

Kristine J. Dunker - John K. Wenburg

Received: 16 May 2014/ Accepted: 26 February 2015/ Published online: 21 March 2015
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Abstract We developed and evaluated three gPCR as-
says for detecting environmental DNA from northern pike
(Esox lucius). The assays target the cytochrome oxidase 1
(EluCOI), control region (EluCR), and cytochrome b
(EluCytB) genes of the mitochondrial DNA. Target
specificity, assessed using the fluorescence signal (at 45
cycles) to noise (at 1 cycle) ratio (S/N), showed strong
amplification in northern pike (mean S/N = 2.62, 3.52,
2.69 for EuCOIL, EluCR, EluCytB). The mean S/N esti-
mates from fifteen non-esocid freshwater fishes were about
1.0, as expected for no amplification. EluCR showed evi-
dence of amplification (mean S/N = 3.16) in muskellunge
(Esox masquinongy). The sensitivity tests indicated Elu-
COI has a higher detection probability than EluCR and
EluCytB at low (20 copies/reaction) copy number. The
results favor using EluCOI although EluCytB and EluCR
are viable assays for the detection of northem pike eDNA.

Keywords Northern Pike - Esox lucius - Invasive
species - eDNA

Northern pike (Esox fucius) are a popular freshwater sport
fish that has been introduced outside of its native range in
the conterminous United States and Alaska (Fuller 2014)
In many areas, including southcentral Alaska, non-native
northern pike are now a conservation concern given the

1. B. Olsen (i) - C. J. Lewis - J. K. Wenburg
Conservation Genetics Luboratory, US. Fish and Wildlife
Service, 1011 East Tudor Road, Anchorage, AK 99503, USA
c-mail: jeffrey_olsen@Iws.gov

R. L. Massengill - K. J. Dunker

Division of Sport Fish, Alaska Department of Fish and Game,
43961 Kalifornsky Beach Road, Suite B, Soldoma, AK 99669,
USA

potential of this apex predator to negatively impact native
fish species like salmon and trout (McMahon and Bennett
1996; Sepulveda et al. 2013). The potential for northern
pike to cause severe declines in native fish populations has
led some management agencies to mount costly species
monitoring and control programs (e.g.. Massengill 2011).

One of the challenges of monitoring and controlling
invasive fish species is that of identifying their presence.
Traditional methods such as gillnetting have a number of
drawbacks including requiring tremendous allocations of
time and effort. possibly impacting non-target species and
having questionable effectiveness when fish abundance is
low. Therefore, there is interest in the application of en-
vironmental DNA {(eDNA) analysis to support programs
aimed at monitoring and controlling aquatic invasive spe-
cies (Jerde et al. 2013).

In this study we developed and tested target specificity
and sensitivity of three quantitative PCR (gPCR) assays to
detect eDNA of invasive northern pike in southcentral
Alaska. The assays target 94 base pairs (bp) of the cy-
tochrome oxidase 1 (EluCOI), 64 bp of the control region
(EluCR), and 98 bp of the cytochrome b (EluCytB) genes
of the mitochondrial DNA. The sequence data was ob-
tained online from the Barcode of Life website (EluCOI)
and GeneBank (EluCR, EluCytB). The EluCOI and EluCR
assays were designed from 650 base pair and 451 base pair
sequences, respectively, using Primer Express software
version 3.0.1 (Applied Biosystems Inc). We used Primer
Express to modify the EluCytB primers and probe designed
by Mike Garvin (pers com.) in order to meet optimum PCR
conditions for TagMan assays (Applied Biosystems Inc).
The primer and probe sequences are: EluCOL F-5'CCTT
CCCCCGCATAAATAATATAAY ., R-SGTGTTGAAGC
TGGTGCTGGTACY,  P-S'CTTCTGACTTCTCCCC3';
EluCR. F-5’AGAACCGACCAACGATTCCA3, R-5'AT
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Potential of Environmental DNA to Evaluate
Northern Pike (Esox lucius) Eradication
Efforts: An Experimental Test and Case Study
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D ining the of i species ion efforts is challenging because pop-
ulations at very low abundance are difficult to detect. Environmental DNA (eDNA) sampling
has recently emerged as a powerful tool for detecting rare aquatic animals; however, detect-
able fragments of DNA can persist over time despite absence of the targeted taxa and can
therefore complicate eDNA sampling after an eradication event. This complication is a large
concern for fish eradication efforts in lakes since killed fish can sink to the bottom and slowly
decay. DNA released from these carcasses may remain detectable for long periods. Here,
we evaluated the efficacy of eDNA sampling to detect invasive Northern pike (Esox lucius)
following piscicide eradication efforts in southcentral Alaskan lakes. We used field observa-
tions and experiments to test the sensitivity of our Northernpike eDNA assay and to evalu-
ate the persistence of detectable DNA emitted from Northernpike carcasses. We then used
eDNA sampling and traditional sampling (i.e., gillnets) to test for presence of Northern pike
in four lakes subjected to a piscicide-treatment designed to eradicate this species. We
found that our assay could detect an abundant, free-roaming population of Northern pike
and could also detect low-densities of Northern pike held in cages. For these caged North-
ern pike, probability of detection decreased with distance from the cage. We then stocked
three lakes with Northern pike carcasses and collected eDNA samples 7, 35 and 70 days
post-stocking. We detected DNA at 7 and 35 days, but not at 70 days. Finally, we collected
eDNA samples ~ 230 days after four lakes were subjected to piscicide-treatments and
detected Northern pike DNA in 3 of 179 samples, with a single detection at each of three
lakes, though we did not catch any Northern pike in gillnets. Taken together, we found that
eDNA can help to inform eradication efforts if used in conjunction with multiple lines of
inguiry and sampling is delayed long enough to allow full degradation of DNA in the water.

PLOS ONE | DOI1:10.1371jjournal. pone 0162277 Seplember 14, 2016 1/21




Trophic ecology of northern pike

Objectives:

1. Quantify diet variation within and among
locations (native and invasive range)

. . Frank von Hippel, Northern
2. Quantify the occurrence and importance of USGS Arizona University

salmonids in northern pike diets

Nate Cathcart, research Stormy Haught, ADF&G
scientist, UAF
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Diet comparisons

Mat-Su watersheds

(invaded range)
Data from Sepulveda et al. (2013,2014)
and Haught and von Hippel 2011

Bristol Bay (Native range)
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Visualizing northern pike diets

Proportion salmonids constitute in total diet of
predators that consume salmonids

o 10 @ small())
O @® Small (N)
= B Medium ()
S B Medium (N)
© 80 7 WV Large(l)
| o VW Large (N)
2
o 60 -
O
=
O 40
O
O
w
I 20 -
)
o

0

20 40 60 80 100
Percen’mence
# fish with salmonids in diet/

# fish with food in their stomachs

o



Visualizing northern pike diets

Proportion salmonids constitute in total diet of
predators that consume salmonids
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More salmonids on menu in the
invasive range than native range
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More salmonids on menu in the

invasive range than native range
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More to come...
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A lack of understanding of

northern pike in the nat/ve range,
impedes our ability to predict
impacts in the /nvasive range
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Coexistence or extinction?
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