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Asian Carp
• Bighead carp

o Hypophthalmichthys nobilis

• Silver carp 
o Hypophthalmichthys molitrix

• Invasive species
• Established in Mississippi & 

Missouri River Basins.
• Out-compete native fish

o Efficient filter feeders, plankton
o Undermine food webs

Baerwaldt, K., A. Benson, and K. Irons. 2013. Asian Carp 
Distribution in North America. Report to the Asian Carp Regional 
Coordinating Committee, April 2013. (updated April 2014)
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Asian Carp & the CAWS
• Illinois River Basin

o Highest population density in world.
o Adult population front at Brandon 

Road Lock & Dam.
o Potential access to Lake Michigan 

via the CAWS.

• Electric fish barrier
• Blocks access to Lake Michigan.
o Operated by USACE.
o ~ 35 miles from Lake Michigan.



Innovative solutions for a safer, better worldBUILDING STRONG®

There are two forms of Asian carp 
surveillance.
• 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), 0 silver carp

• Environmental DNA (eDNA)
o DNA found in environmental samples.

o 5,500 two-liter water samples (2009-12).
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eDNA is detected in water samples using 
polymerase chain reaction (PCR).

• PCR is positive or negative.
o No concentrations

• Detection rates (2009 – 2012)
o Bighead carp: 43 / 5,522 (< 1%).

o Silver carp: 236 / 5,503 (4.3%).

• Positive water samples
o Detections widely distributed 

over space and time.

Silver carp eDNA samples

Negative
Positive

Chicago

Electric
Barrier

Lake 
Calumet

Lake
Michigan

Evanston
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Three factors confound interpretation 
and these are the focus of this study.

1. Quantity of eDNA is unknown.

o 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.
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eDNA Kinetics &
Shedding Rates
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Fate &Transport
Model for CAWS

F&T Model 
Production Runs

LURK_REACH
NSC
CR1
CRM
CR2
BCR
MXZ
CR3
CR4
CR5
FBA
CR6
CRA
CRB
CLK
LKC
CRU
CRV
CRD
CRE

5.13
9.83
4.06
27.8
0.32
0.49
4.60
9.86
4.78
0.18
0.93
7.39
0.81
1.73
3.54
1.01
0.25
7.16
10.1

NAV_ACTIVE
TRUE
FALSE

50.0
50.0

NAV_SLR (copies/vessel hour)
0
0 to 1e7
1e7 to 1e8
1e8 to 1e9
1e9 to 1e10
1e10 to 1e11

50.0
 0 +

0.13
49.4
0.46
 0 +

2.97e8 ± 5.1e8

ALL_ACTIVE
TRUE
UNCERTAIN
FALSE

33.3
33.3
33.3

GEAR_TYPE
CN
EF
ALL

33.3
33.3
33.3

ACTUAL SHEDUNITS (kg)
0
0 to 1
1 to 5
5 to 10
10 to 50
50 to 100
100 to 250
250 to 500
500 to 750
750 to 1000
1000 to 1250
1250 to 1500
1500 to 1750
1750 to 2000
2000 to 3000
3000 to 4000
4000 to 5000
5000 to 6000
6000 to 7000
7000 to 8000
8000 to 9000
9000 to 10000
10000 to 11000
11000 to 12000
12000 to 13000
13000 to 14000
14000 to 15000
15000 to 16000
16000 to 17000
17000 to 18000
18000 to 19000
19000 to 20000

60.2
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28
1.28

2650 ± 5200

SHEDRATE (Copies/kg/hour)
0 to 5e6
5e6 to 7.5e6
7.5e6 to 1e7
1e7 to 1.25e7
1.25e7 to 1.5e7
1.5e7 to 2e7
2e7 to 2.5e7
2.5e7 to 3e7
3e7 to 4e7
4e7 to 5e7

11.0
16.0
15.9
13.4
10.5
14.0
7.85
4.46
4.14
2.75

1.37e7 ± 9600000

EQUIV_NOM_SHEDUNITS (kg)
0
0 to 1
1 to 5
5 to 10
10 to 50
50 to 100
100 to 250
250 to 500
500 to 750
750 to 1000
1000 to 1250
1250 to 1500
1500 to 1750
1750 to 2000
2000 to 3000
3000 to 4000
4000 to 5000
5000 to 6000
6000 to 7000
7000 to 8000
8000 to 9000
9000 to 10000
10000 to 11000
11000 to 12000
12000 to 13000
13000 to 14000
14000 to 15000
15000 to 16000
16000 to 17000
17000 to 18000
18000 to 19000
19000 to 71263

60.2
1.44
1.60
0.85
1.92
1.13
1.83
2.00
1.72
1.46
1.21
1.03
0.86
0.77
2.43
1.93
1.69
1.56
1.47
1.36
1.21
1.11
0.98
0.87
0.77
0.69
0.61
0.54
0.48
0.42
0.38
3.52

3160 ± 9200

FAST_CONC (copies/kg/L)
0
0 to 1e-6
1e-6 to 1e-5
1e-5 to 1e-4
1e-4 to 1e-3
0.001 to 0.01
0.01 to 0.1
0.1 to 1
> 1

41.9
8.55
1.51
0.48
0.47
2.93
34.4
9.78

   0
0.0662 ± 0.14

TOT_PRIM_CONC (copies/L)
0
0 to 1
1 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 1000
1000 to 1500
1500 to 2000
2000 to 2500
2500 to 3000
3000 to 7.0789e5

77.8
7.24
1.97
0.76
0.56
0.43
0.33
0.31
0.27
0.23
0.24
0.21
0.46
0.40
0.38
0.31
0.30
0.26
1.74
0.94
0.58
0.48
0.40
3.37

12100 ± 74000

TOT_SEC_CONC (copies/L)
0
0 to 1
1 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 1000
1000 to 1500
1500 to 2000
2000 to 2500
2500 to 3000
3000 to 3500

34.9
15.6
26.4
4.51
2.55
1.63
1.20
0.91
0.69
0.59
0.51
0.41
0.85
0.74
0.67
0.62
0.52
0.38
2.32
1.01
0.67
0.38
0.32
1.67

138 ± 510

FOPH
0
0 to 0.05
0.05 to 0.1
0.1 to 0.15
0.15 to 0.2
0.2 to 0.25
0.25 to 0.3
0.3 to 0.35
0.35 to 0.4
0.4 to 0.45
0.45 to 0.5
0.5 to 0.55
0.55 to 0.6
0.6 to 0.65
0.65 to 0.7
0.7 to 0.75
0.75 to 0.8
0.8 to 0.85
0.85 to 0.9
0.9 to 0.95
0.95 to 1

66.7
2.90
1.77
1.81
1.66
1.68
1.67
0.88
0.69
0.73
0.78
0.66
0.56
0.62
0.58
0.60
0.63
0.71
0.82
1.15
12.4

0.196 ± 0.35

TOTAL_CONC (copies/L)
0
0 to 1
1 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 1000
1000 to 1500
1500 to 2000
2000 to 2500
2500 to 3000
3000 to 7.10601e5

27.2
15.2
24.2
4.70
2.72
1.81
1.36
1.08
0.86
0.74
0.67
0.56
1.18
1.04
0.95
0.86
0.75
0.60
3.82
1.90
1.23
0.85
0.71
5.08

18300 ± 91000

SPECIES
Bighead
Silver

   0
 100

K_FAST
-0.266
-0.463
-0.66

33.3
33.4
33.3

-0.463 ± 0.16

TARGET_SHEDUNITS (kg)
0 to 1
1 to 5
5 to 10
10 to 50
50 to 100
100 to 250
250 to 500
500 to 750
750 to 1000
1000 to 1250
1250 to 1500
1500 to 1750
1750 to 2000
2000 to 3000
3000 to 4000
4000 to 5000
5000 to 6000
6000 to 7000
7000 to 8000
8000 to 9000
9000 to 10000
10000 to 11000
11000 to 12000
12000 to 13000
13000 to 14000
14000 to 15000
15000 to 16000
16000 to 17000
17000 to 18000
18000 to 19000
19000 to 20000

3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23

6650 ± 6500

SEARCH_AREA
UPSTREAM
LOCAL
DOWNSTREAM
ABOVE BARRIER
ENTIRE CAWS

20.0
20.0
20.0
20.0
20.0

BRD_ACTIVE
TRUE
FALSE

50.0
50.0

SPECIES PRESENT
TRUE
FALSE

39.8
60.2

0.398 ± 0.49

PRIM_NOM_CONC (copies/kg/L)
0
0 to 1e-6
1e-6 to 1e-5
1e-5 to 1e-4
1e-4 to 0.001
0.001 to 0.01
0.01 to 0.1
0.1 to 1
1 to 10

39.9
9.88
1.87
0.73
0.38
0.77
19.9
26.6

   0
0.157 ± 0.27

FDB_ACTIVE
TRUE
FALSE

50.0
50.0

FDB_SLR (copies/boat-day)
0
0 to 1e8
1e8 to 1e9
1e9 to 1e10
1e10 to 1e11
1e11 to 1e12

50.0
 0 +

4.11
43.4
2.48
 0 +

3.77e9 ± 9.7e9

FIN_ACTIVE
TRUE
FALSE

50.0
50.0

FIN_SLR (copies/100 m)
0
0 to 1e8
1e8 to 1e9
1e9 to 1e10
1e10 to 1e11
1e11 to 1e12

50.0
 0 +

0.16
34.6
15.2
.004

1.03e10 ± 2.2e10

CSO_SLR (copies/m^3)
0
0 to 10000
10000 to 1e5
1e5 to 1e6
1e6 to 1e7
1e7 to 1e8

50.0
.017
5.87
36.6
7.54
.029

635000 ± 1900000

CSO_ACTIVE
TRUE
FALSE

50.0
50.0

LMB_ACTIVE
TRUE
FALSE

50.0
50.0

LMB_SLR (copies/L)
0
0 to 20
20 to 40
40 to 60
60 to 80
80 to 100

50.0
30.8
15.2
2.98
0.69
0.29

9.88 ± 15

BRD_SLR (copies/m^2/day)
0
0 to 100
100 to 1000
1000 to 10000
10000 to 1e5
1e5 to 1e6

50.0
7.26
27.9
14.5
0.33
 0 +

1140 ± 4000

SEASON
GATES OPEN
GATES CLOSED

37.1
62.9

FRACT
0.65 to 0.71
0.71 to 0.77
0.77 to 0.83
0.83 to 0.89
0.89 to 0.95

20.0
20.0
20.0
20.0
20.0

0.8 ± 0.087

SLOW_CONC (copies/kg/L)
0
0 to 1e-6
1e-6 to 1e-5
1e-5 to 1e-4
1e-4 to 1e-3
0.001 to 0.01
0.01 to 0.1
0.1 to 1
> 1

41.2
9.13
1.47
0.61
0.39
0.47
17.8
29.0

   0
0.154 ± 0.22

K_SLOW
-0.038
-0.079
-0.12

33.3
33.3
33.3

-0.079 ± 0.033

Bayesian Network 
Model
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Ambiguity about eDNA source is resolved 
probabilistically.
• Bayesian inference:  Prior probability is updated to a 

posterior probability after evidence is observed.

• Hypothesis, θ :Target species is present.
• Evidence, e:

o Conventional sampling effort
o Fraction of water samples testing positive for eDNA

( ) ( ) ( )
( ) ( )∑Θ

=
θθ

θθθ
pep

pepep
|

||
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• Hypothesis
o Species present

• Evidence
o Fishing effort
o eDNA positive rate

o Conditionals
o Target species
o Hydrologic season
o Search area
o Shedding units
o Gear type

• Variables
o Shedding rate
o Degradation rate
o Fraction fast
o All active

• Hydrodynamic 
simulation

TARGET_SHEDUNITS
0 to 1
1 to 5
5 to 10
10 to 50
50 to 100
100 to 250
250 to 500
500 to 750
750 to 1000
1000 to 1250
1250 to 1500
1500 to 1750
1750 to 2000
2000 to 3000
3000 to 4000
4000 to 5000
5000 to 6000
6000 to 7000
7000 to 8000
8000 to 9000
9000 to 10000
10000 to 11000
11000 to 12000
12000 to 13000
13000 to 14000
14000 to 15000
15000 to 16000
16000 to 17000
17000 to 18000
18000 to 19000
19000 to 20000

3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23
3.23

6650 ± 6500

LURK_REACH
NSC
CR1
CRM
CR2
BCR
MXZ
CR3
CR4
CR5
FBA
CR6
CRA
CRB
CLK
LKC
CRU
CRV
CRD
CRE

1.31
2.50
1.03
1.99
0.20
0.30
2.83
6.07
6.64
0.18
0.93
15.5
2.32
4.96
27.4
1.40
0.34
9.94
14.1

SPECIES_PRESENT
TRUE
FALSE

41.2
58.8

0.412 ± 0.49

K_FAST
-0.266
-0.463
-0.66

33.3
33.4
33.3

-0.463 ± 0.16

SEASON
GATES OPEN
GATES CLOSED

37.1
62.9

TOT_SEC_CONC
0
0 to 1
1 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 1000
1000 to 1500
1500 to 2000
2000 to 2500
2500 to 3000
3000 to 3500

50.0
1.82
19.7
6.61
5.57
3.38
2.55
1.59
1.60
1.08
0.81
0.60
1.08
0.84
0.68
0.59
0.44
0.33
0.71
.052
 0 +
 0 +
 0 +
 0 +

38 ± 98

K_SLOW
-0.038
-0.079
-0.12

33.3
33.3
33.3

-0.079 ± 0.033

PRIM_SLOW_CONC
0
0 to 1e-6
1e-6 to 1e-5
1e-5 to 1e-4
1e-4 to 1e-3
0.001 to 0.01
0.01 to 0.1
0.1 to 1
> 1

48.4
.018
.008
.011
0.11
2.39
13.0
25.6
10.6

0.662 ± 1.5

FRACT
0.65 to 0.71
0.71 to 0.77
0.77 to 0.83
0.83 to 0.89
0.89 to 0.95

20.0
20.0
20.0
20.0
20.0

0.8 ± 0.087

PRIM_NOM_CONC
0
0 to 1e-6
1e-6 to 1e-5
1e-5 to 1e-4
1e-4 to 0.001
0.001 to 0.01
0.01 to 0.1
0.1 to 1
1 to 10

48.4
 0 +
 0 +

.019
0.68
6.78
10.7
25.1
8.38

0.605 ± 1.7

GEAR_TYPE
CN
EF
ALL

33.3
33.3
33.3

SHEDDING_RATE
0 to 5e6
5e6 to 7.5e6
7.5e6 to 1e7
1e7 to 1.25e7
1.25e7 to 1.5e7
1.5e7 to 2e7
2e7 to 2.5e7
2.5e7 to 3e7
3e7 to 4e7
4e7 to 5e7

11.0
16.0
15.9
13.4
10.5
14.0
7.85
4.46
4.14
2.75

1.37e7 ± 9600000

ACTUAL_SHEDUNITS
0
0 to 1
1 to 5
5 to 10
10 to 50
50 to 100
100 to 250
250 to 500
500 to 750
750 to 1000
1000 to 1250
1250 to 1500
1500 to 1750
1750 to 2000
2000 to 3000
3000 to 4000
4000 to 5000
5000 to 6000
6000 to 7000
7000 to 8000
8000 to 9000
9000 to 10000
10000 to 11000
11000 to 12000
12000 to 13000
13000 to 14000
14000 to 15000
15000 to 16000
16000 to 17000
17000 to 18000
18000 to 19000
19000 to 20000

58.8
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33
1.33

2740 ± 5300

EQUIV_NOM_SHEDUNITS
0
0 to 1
1 to 5
5 to 10
10 to 50
50 to 100
100 to 250
250 to 500
500 to 750
750 to 1000
1000 to 1250
1250 to 1500
1500 to 1750
1750 to 2000
2000 to 3000
3000 to 4000
4000 to 5000
5000 to 6000
6000 to 7000
7000 to 8000
8000 to 9000
9000 to 10000
10000 to 11000
11000 to 12000
12000 to 13000
13000 to 14000
14000 to 15000
15000 to 16000
16000 to 17000
17000 to 18000
18000 to 19000
19000 to 20000

58.8
1.49
1.64
0.88
1.99
1.18
1.89
2.07
1.77
1.50
1.27
1.05
0.89
0.80
2.50
2.00
1.74
1.62
1.52
1.41
1.25
1.12
1.03
0.91
0.78
0.72
0.64
0.56
0.50
0.44
0.40
3.63

2340 ± 5000

TOT_PRIM_CONC
0
0 to 1
1 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 1000
1000 to 1500
1500 to 2000
2000 to 2500
2500 to 3000
3000 to 1.988e5

80.8
1.87
2.95
1.12
0.75
0.54
0.42
0.36
0.29
0.25
0.24
0.19
0.42
0.35
0.32
0.28
0.27
0.23
1.61
0.90
0.63
0.41
0.35
4.44

4550 ± 24000

TOTAL_CONC
0
0 to 1
1 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 1000
1000 to 1500
1500 to 2000
2000 to 2500
2500 to 3000
3000 to 2.035e5

40.4
2.43
18.1
6.59
5.42
3.43
2.62
1.74
1.69
1.22
0.96
0.74
1.41
1.12
0.93
0.82
0.67
0.54
2.31
1.01
0.65
0.43
0.36
4.47

4710 ± 25000

SPECIES
Bighead
Silver

50.0
50.0

FOPH
0
0 to 0.05
0.05 to 0.1
0.1 to 0.15
0.15 to 0.2
0.2 to 0.25
0.25 to 0.3
0.3 to 0.35
0.35 to 0.4
0.4 to 0.45
0.45 to 0.5
0.5 to 0.55
0.55 to 0.6
0.6 to 0.65
0.65 to 0.7
0.7 to 0.75
0.75 to 0.8
0.8 to 0.85
0.85 to 0.9
0.9 to 0.95
0.95 to 1

70.2
8.41
2.23
1.71
1.42
1.33
1.27
0.79
0.66
0.67
0.69
0.59
0.51
0.55
0.52
0.53
0.55
0.64
0.78
1.05
4.88

0.116 ± 0.27

SEARCH_AREA
UPSTREAM
LOCAL
DOWNSTREAM
ABOVE BARRIER
ENTIRE CAWS

20.0
20.0
20.0
20.0
20.0

ALL_ACTIVE
TRUE
FALSE

50.0
50.0

PRIM_FAST_CONC
0
0 to 1e-6
1e-6 to 1e-5
1e-5 to 1e-4
1e-4 to 1e-3
0.001 to 0.01
0.01 to 0.1
0.1 to 1
> 1

48.4
.020
.013
3.87
8.77
6.04
5.28
27.7

   0
0.141 ± 0.22
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A: Reduces probability.

B: Increases probability, species less 
likely to be present.

C: Increases probability, species more 
likely to be present.

Influence of eDNA Evidence
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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.
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Results: Lake Calumet (LKC) & North 
Shore Channel (NSC)

Silver carp
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Silver Carp, 1.5-1.75 tons
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.
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