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Asian Carp

* Bighead carp
O Hypophthalmichthys nobilis

e Silver carp
O Hypophthalmichthys molitrix

* |nvasive species

e Established in Mississippi &
Missouri River Basins.

* Qut-compete native fish
o Efficient filter feeders, plankton
o Undermine food webs
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Aslan Carp & the CAWS

* |llinois River Basin g \ Mlé%gq .

o Highest population density in world. o
o Adult population front at Brandon
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There are two forms of Asian carp
survelllance.

« Conventional fish sampling
o Effort (2010-14): 19,388 man hours
o Electrofishing: 769.4 hours
o Gill/trammel net: 524 km

o Catch: 1 bighead (6/2010), O silver carp
* Environmental DNA (eDNA)

o DNA found in environmental samples.

o 5,500 two-liter water samples (2009-12).

e ERDC
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eDNA Is detected in water samples using
polymerase chain reaction (PCR).

, e . Silver carp eDNA samples
 PCR Is positive or negative.

=7, |Evanston

o No concentrations

Lake

» Detection rates (2009 — 2012) & e i L vichigen
o Bighead carp: 43 /5,522 (< 1%). Rk & G | chg
o Silver carp: 236 / 5,503 (4.3%). | Fhi e Do
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Three factors confound interpretation
and these are the focus of this study.

1. Quantity of eDNA is unknown.

o0 Quantify the amount of eDNA in the system.

2. Sources of eDNA other than live fish identified.

o Birds, boats and barges, CSOs, fishing nets, sediment and
Inflows from Lake Michigan.

o Characterize primary & secondary sources of eDNA in CAWS.

3. Results of Asian carp surveillance are in conflict.

o Develop a Bayesian network for probabilistic inference.

e ERDC
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Probability of eDNA
detection using PCR

1.0
0.9
/
§ Zj / —silvercarp
g / —Bighead carp
% 0.6
S os /
£o4 / s
%03 / el
& 0.2 / /
01 / el

0.0

0 100 200 300 400 500 600 700 800 900 1000
Concentration (copies/L)

Secondary Sources

Fate &Transport
Model for CAWS

TH1 BUK, 2t LMboungSlow Surlace feopiesl) - Jhay 2 300U

¥

eDNA Kinetics &
Shedding Rates

Infer eDNA
Concentration

Lake Calumet (2012)
0.12

[s]
o
o
S}

0.08

0.06

0.04 -

Probability Mass Function

o
o
N

0.00 -
0 25 50 75 100 125 150 175 200
Concentration (copies/L)

Estimate
Loading Rates

v

—pa

F&T Model
Production Runs

Sensitivity Analysis

Species = Silver, Search area = Upstream, Gear = All,
Target shedding units = 5-10 kg, FOPH = 0 - 0.05

1,000
—Gates open .
_ _Gates closed Decisive evidence i fav
100
2 Strong evidence in favor
&
1 10 <
3 . ubstantial evidence in
? -
@ == .
1
Evidence against
0

0 01 02 03 04 05 06 07 08 09 1
p(ALL_ACTIVE = True)

e

- i
?Mm‘-r‘-“ o
i =

Coplesim*y

mn >nn B
Days

Statistical Inference

Season: Gates Open & Target Shedding Units: 10-11 MT

~=TRUE
- FALSE

09

Bayesian Network

[ —
infavor 07 = ~ -PRIOR
) = >/

Z 06
§
g 0s

g0 o S
o S

S
02

0.1
0

Fraction of monitoring samples testing positive for eDNA

0 01 02 03 04 05 06 07 08 09 1

eDNA Monitoring &
Fishing Effort
| "é.gative-. . 8

Lake
Michigan

ke . s
Calumet . F

BUILDING STRONGg,

Innd?ative solutions for a safer, better world




Ambiguity about eDNA source Is resolved
probabilistically.

« Bayesian inference: Prior probabillity is updated to a
posterior probability after evidence is observed.

ew) (9)
Z p(e|6)p(6

 Hypothesis, & :Target species Is present.

e Evidence, e:
o Conventional sampling effort

o Fraction of water samples testing positive for eDNA

e ERDC
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Inference is accomplished using a two-
stage updating process.

1. Uniform prior probability on target species presence.
2. Apply conventional fishing effort.

3. Apply fraction of positive water samples.

1 Season = Gates Closed; Mass = 1.5-1.75 tons Inﬂuence Of eDNA EV|dence
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Results: Lake Calumet (LKC) & North
Shore Channel (NSC)
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Silver Carp, 1.5-1.75tons
Gates Closed (Oct. 15 — June 1)

Lake Calumet (LKC) North Shore Channel (NSC)
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Conclusions

Detection of eDNA by itself is not enough - consider hydrology,
hydrodynamics, season, secondary sources, fishing effort, target mass.

eDNA monitoring can be more useful in some places than others.

« Detection of eDNA can increase or decrease the probability of target
species presence.

« If live fish were the only explanation for eDNA, there would be 4 - 6
tons of silver carp distributed throughout the CAWS.

« Aim has been to improve quality of interpretation & expand the types of
Information available from eDNA monitoring results.

5 ERDC
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