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Anslysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System

Chicago Area Waterway System Habitat Evaluation and improvement Study

December 8, 2009

Existings Standards — All Designated Uses

Boxplot of PRTOL vs Compllance-E
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N 15 0.8 304 137
Overall 51 26
H=1.89 DF = 1 P= 0.169
H=1.90 DF = { P= 0.169 adjusted for ties

C = data In compllance with D.O. standard; N = data not in compliance with D.O. standard
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N 15 4.7 29.1 0.95
Overall 51 26
H=0.90 DF = |1 P= 0342
H=0.9 DF = 1 P= 0341 adjusted for ties

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System
Chicago Area Waterway System Habitat Evaluation and Improvement Study

December 8, 2009
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Overall 51 26
H=0.94 DF = 1 P= 0331
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C = data in compliance with D.O. standard; N = data not in compllance with D.O. standard
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C = data in compliance with D.O. standard; N = data not in compllance with D.O. standard
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Analysis of the Relationship Between Fish and Water Qualily in the Chicago Area Waterway System

‘Ghicago Area Waterway System Habitat Evaluation and Improvement Study
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Boxplot of 6L THRL_(n) vs Compliance-E
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Overall 51 26
R =0.90 OF = 1 P= 0342
H=0.%0 DF = 1 P= 0.342 adjusted for ties

C = data in compliance with D.O. standard; N = data not In compllance with D.O. standard

Boxpi ot of 9AMOD__(wt) vs Compllance-E
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N 135 0.4 25 -0.31
Overall 51 26
R =0.10 OF = 1 P= 0.756
R =0.10 DF = 1 P= 0.756 adjusted for ties

C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System

Chicago Area Waterwa ~ 'stem Habitat Evaluation and Improvement Study

December 8, 2009
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c 38 8.7 256 -0.31
N 15 6.1 27 0.31
Overall 51 26
H =0.10 DF = { P= 0.756
H=10.10 DF = 1 P= 0.756 adjusted for ties

C = data In compliance with D.O. standard; N = data not in compllance with D.O. standard
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Overall 51 26
H =2.03 DF = !t P= 0.154
H = 2.04 DF = 1 P= 0.153 adjusted for ties

C = data In compllance with D.O. standard; N = data not In compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System
Chicago Area Waterway System Habitat Evaluation and Improvement Study December 8, 2009

Boxpl ot of GEN vs Compilance-E
10
0.9 4 |
0.8 4 "
- e
§ 0.7 4
0.6
Q.5 4
0.4 1
C N
Compllance-E
Kruskal-wallis Teston GEN
Compliance N Median Ave Rank Z
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N 15 0.833 265 0.17
Overall S1 26
H = 0.03 DF = { P= 0.869
H=0.03 DF = 1 P= 0.859 adjusted for ties

C = data in compliance with D.O. standard; N = data not In compllance with D.O. standard
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H=0.65 Df = |l P= 042
H =147 DFf = 1 P= 0.225 adjusted for ties

C = data In compllance with D.O. standard; N = data not In compllance with D.O. standard
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Chicago Area Waterway System Habitat Evaluation and Improvement Study
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Boxplot of NMIN vs Compllance-E
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Overall 51 26
H=7.73 DF = |l P= 0.005
B =8.13 OFf = 1 P= 0.004

adjusted for tiea

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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adjusted for tes

C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard
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Existing Standards — Secondary Contact Use

Boxplot of PRTOL vs Cormpllance-E
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C =data In compllance with D.O. standard; N = data not in compliance with D.O. standard
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C =data In compllance with D.O. standard; N = data not In compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Qualily in the Chicago Area Waterway System

Chica > Area Waterway System Habitat Evaluation and Improvement Study

December 8, 2009

Boxplot of 6 INSCT_(n) vs Compllance-E
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Overall 36 18.5
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C = data In compllance with D.O. standard; N = data not In compllance with D.O. standard

Boxplot of 84 INT_(n) ws Compllance-E
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adjusted for ties

C = data In compllance with D.O. standard; N = data not In compllance with D.O. standard
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Chicago Area Waterway System Habitat Evaluation and Improvement Study

December 8, 2009

Boxplot of 6L THPL__(n) vs Compllance-E
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Overall 36 185
H=0.00 DF = 1 P= 0973

C = data In compliance with D.O. standard; N = data not in compllanca with D.O. standard

Boxplot of 3MOD_(wt) va Compllance-E

a4
»

70

&0 4
o) m‘
5
1 40
§ =)

o | »

10 “

®
a- — é
c N
Compllance-E

Kruskal-Wallis Test on %MOD_(wt)
Compliance N Median Ave Rank Z
C 24 1.05 18.8 0.22
N 12 0.9 18 -0.22
Overall 36 185
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C = data in compllance with D.Q. standard; N = data not In compllance with D.O, standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System

'Chicago Area Waterway System Habitat Evaluation and Improvement Study

December 8, 2009

%IC_(wt)
c B8 BBBE IS

Kruskal-wWallis

Compliance N

C 24
N 12
Overall 36

R =10.16 OFf =

R =0.16 DF =

Boxplot of 56 TC_  vt) vs Compllance-E

]

s
Eren T
c N B
Compliance-E
Test on % TC_(wt)
Median Ave Rank z
10.15 19 04
53 17.5 0.4
185
1 P= 0.687
1 P= 0.687 adjusted for ties

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System

Chicago Area Waterway System Habitat Evaluation and Improvement Study

Boxplot of GEN vs O dlance-E
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R = 0.34 DF = |l P= 0.557
H = 0.35 DF = | P= 0.557

adjusted for ties

December 8, 2009

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard

Baxplot of LITOT vs Compllance-€
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C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard

LimnoTech

A-11



Electronic Filing - Received, Clerk's Office, January 6,. 2010
******PC#284*****

Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System

Chicago Area Waterway System Habitat Evaluation and Improvement Study
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R = 9.33 DF = 1 P= 0.002
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December 8. 2009

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard

Boxplot of NSUN vs Compllance-£
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C = data in compliance with D.O. standard; N = data not in compllance with D.O. standard
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Analysis of the Relationship Betwgen Fish and Water Quality in the Chicago Arca Waterway System
Chicago Area Waterway System Habitat Evaluation and Improvement Study December 8, 2009

Proposed Standards — All Designated Uses

Boxplot of PRTOL ws Compliance-P
10
0.9
0.8
S “
0.7
0.6
as
¢ N
Comgpliance-P
Kruskal-Wallis Test on PRTOL
Compliance N Median Ave Rank Z
c 27 0.765 25.7 0.16
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Overall S1 26
H = 0.03 DF = | P= 0.873
H=0.03 DF = 1 P= 0.872  adjusted for uies
C = data in compliance with D.O. standard; N = data not In compliance with D.O. standard
Boxplot of 3ADE_T_(n) vs Compliance-P
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Qverall 51 26
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H=3.05 OF = | P= 0.081  adjusted for ties

C = data In compliance with D.O. standard; N = data not In compllance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in tha Chicago Area Waterway System
Chicago Area Waterway System Habitat Evaluation and Improvement Study December 8, 2009

Boxplot of 39INSCT_(n) vs Compliance-P
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N 24 71.85 29.9 1.76
Overall 51 26
R =3.08 DF = 1 P= 0.079
R = 3.08 DOF = |l P= 0.079  adjusted for ties

C = data In compllance with D.O. standard; N = data not in compliance with D.O. standard

Boxplot of BAINT_(n) vs CompllanceP
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C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Batween Fish and Water Quality in the Chicago Area Waterway System

Chicago Area Waterway System Habitat Evaluation and Improvement Study

December 8, 2009
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Overall S1 26
H=1.530 DOF = 1 P= 0.22
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C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard
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C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Waterway System

Chicago Area Waterway System Habitat Evaluation and Improvement Stu

Boxplot of 04TC_(wt) vs Compllance-P
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N 24 57 25 -0.47
Overall S1 26
H=10.22 OF = l P= 0.637
H=0.22 DF = | P= 0.637  adjusted for ties

December 8, 2009

C = data In compllance with D.O. standard; N = data not In compliance with D.O. standard

Boxplot of CPUE vs Compl|ance-P
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C = data In compllance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Walterway System

Chicago Area Waterway System | b ' Evaluation and Improvement Study

Boxplot of GEN vs Compllance-P
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December 8, 2009

C =data In compliance with D.O. standard; N = data not In compliance with D.O. standard
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C = data in compliance with D.O. standard; N = data not in compllance with D.O. standard
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Chicago Area Waterway Systemn Habitat Evaluation and improver Sty

Boxpiot of NMIN vs Compllance-P
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N 24 2 252 -0.35
Overall 51 26
H=0.12 DF = 1 P= 0.727
H=0.13 DF = I P= 0.72  adjusted for ties

December 8, 2009

C = data in compllance with D.O. standard; N = data not In compilance with D.O. standard

Boxplot of NSUN vs Compllance-P
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N 24 3 23 -1.38
Overall 51 26
H=1.90 DF = { P= 0.168
H=1.96 DF = 1 P= 0.162  adjusted for ties

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Befween Fish and Water Qualily in the Chicago Area Waterway System
Chicago Area Waterway System Habitat Evalu 1 improvement Study December 8, 2009

Proposed Standards —Designated Use A

Boxplot of PRTOL vs Compllance-P
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C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard
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H =3.13 DF = 1 P= 0.077 adjusted for ties

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Arsa Waterway System

Chicago Area Walerway System Habitat Evaluation and Improvement Study

December 8, 2009
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C = data in compliance with D.O. standard; N = data not In compliance with D.O. standard
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C = data in compliance with D.O. standard; N = data not In compliance with D.O. standard
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Analysis of the Relationship Between Fish and Water Quality in the Chicago Area Walerway System
Chicago Area Waterway System Habitat Evaluation and Improvement Study December 8, 2009
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N 10 54.8 87 -2.05
Querall 23 2
H = 4.19 DF = 1 P= 0.041

C = data in compllance with D.O. standard; N = data not In compliance with D.O. standard

Boxplot of 30MOD_(wt) vs Compliance
14-1
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g s
3
f-
q4-
5 ®
T
c N
Compliance-P
Kruskal-Wallis Test on %MOD_(wt)
Compliance N Medijan Ave Rank Z
o) 13 0.8 12 -0.03
N 10 0.65 12.1 0.03
Quverall 23 12
H = 0.00 DF = 1 P= 0.975
B = 0.00 DF = 1 P= 0.975 adjusted for ties

C = data In compliance with D.O. standard; N = data not In compliance with D.O. standard
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Boxplot of % TC_(wt) vs Compilance-P
60 'F
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H
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B
#
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I
¢

Compllance-p "
Rruskal-Wallis Test on BTC_(wt)
Compliance N Mcdian Ave Rank Z
(o4 13 9.6 11.4 -05
N 10 104 12.8 0.5
Qverall 23 12
H=10.25 DF = |l P= 0.62
H =0.25 DF = [ P= 0.62 adjusted for ties

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard

Boxpl ot of CPUE vs Compllance-P
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100 4
a0
-
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| e N
Camgpliance-P
L
Kruskal-Wallia Testan CPUE
Compliance N Median Ave Rank VA
c 13 1 11.8 -0.12
N 10 9.5 12.2 0.12
Overall 23 12
4 =0.02 DF = { P= 0.901
H =0.02 Df = |l P= 0.901 adjusted for ties

C = data In compliance with D.O. standard; N = data not In compliance with D.O. standard
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Boxpl ot of GEN vs Compliance-p
1.04
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. a
g 0.7
171 T
03
044
[ N
Conmpllance-P
Kruskal-Wallis Test on GEN
Compliance N Median Ave Rank
c 13 0.719 (1.3 -0.56
N 10 0.7595 129 0.56
Overall 23 12
H=0.3) DF = 1 P= 0577

December 8, 2009

C = data in compllance with D.O. standard; N = data not in compllance with D.O. standard

Boxplot of LITOT ws Compllance-P
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Kruskal-Wallis Test on LITOT
Compliance N Median Ave Rank
c 13 0 122 0.12
N 10 0 11.8 <0.12
Overall 23 12
H=0.02 OF = 1 P= 09501
H =~ 0.03 DF = 1 P= 0.864

adjusted for ties

C = data in compliance with D.O, standard; N = data not in compllance with D.O. standard
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Boxplot of NMIN vs Compllance-P
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®

C N
Comgliance-P
Krugkal-Wallis Test on NMIN
Compliance N Median Ave Rank Z
C 13 3 1.8 -0.4
N 10 35 127 0.4
Overall 23 12
H=20.16 DF = 1 P= 0.687
H =10.18 DF = 1 P= 0.671

adjusted for ties

C = data in compliance with D.O. standard; N = data not In compliance with D.O. standard

Boxplot of N8UN vs Compllance-p
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¢ N
Compliance-P

Kruskal-Wallis Test on NSUN
Compliance N Median Ave Rank z
c 13 4 12.7 053
N 10 4 11.2 -0.53
Overall 23 2 ’
H=0.28 DF = 1 P= 0.598
= 0.29 DF = 1 P= 0.592

adjusted for ties

C = data in compllance with D.O. standard; N = data not in compllance with D.O. standard
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Proposed Standards —Designated Use B

Boxplot of PRTOL vs Compllance-P
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C N
Cosmplilanco-P
Kruskal-Wallis Test on PRTOL
Compliance N Median Ave Rank Z
C 14 0.764 13.8 -0.46
N 14 0.7735 15.2 046
Overall 28 14.5
H = 0.2 DF = 1 P= 0.646
H=10.21 DPf = { P= 0,645 adjusted for ties
C =data in compllance with D.O. standard; N = data not in compliance with D.O. standard
Boxpl ot of %4DA.T_{n) vs Compllance-P
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Cl 15
-
§
®
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T
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C N
Cospllance-P
Kruskal-Wallis Test on % DELT_(n)
Compliance N Median Ave Rank Z
C 14 4.2 133 -0.78
N 14 4.75 15.7 0.78
Overall 28 14.5
H=0.6L DEf = 1 P= 0.435
H = 0.61 DF = 1 P= 0434 adjusted for tdes

C = data In compliance with D.O. standard; N = data not in compllance with D.O.
Standard
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Boxplot of 96 INSCT_(n) vs Compllance-P
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Kruskal-wallia Teston %INSCT_(n
Compliance N Median Ave Rank
c 14 69.45 142 -0.18
N 14 53.75 14.8 0.18
Overall 28 14.5
H=0.03 DF = | P= 0.854

C = data In compliance with D.O, standard; N = data not In compllance with D.O. standard

Boxplot of 4INT_(n) vs Compliance-P
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Erugkal-Wallig Test on %INT_(n)
Compliance N Median Ave Rank
c 14 0 16.5 1.29
N 14 0 12.5 -1.29
Overall 28 14.5
H=1.66 DF = | P= 0.198
B = 4.47 Of = |1 P= 0.035

adjusted for tes

C = data In compliance with D.O. standard; N = data not In compllance with D.O. standard
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Baoxplot of 66LTHPL_(n) vs Compllance P
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Kruskal-Wallis Test on %LTBPL_(n
Compliance N Median Ave Rank
c 14 83.4 15.3 051
N 14 76.25 13.7 -0.51
Overall 28 14.5
H =0.26 DF = 1 P= 0.613
R = 0.26 Df = 1 P= 0613

C = data in compliance with D.O. standard; N = data not In complilance with D.O. standard

Boxplot of %6MOD _(wt) vs Compllance-P

804
*
0
604
~ 3504
3
1 404
-
20 u
104 * -
ad —— .
c N
Corgdance-P
Kruskal-Wallis Test on Z%MOD_(wt)
Compliance N Median Ave Rank
C 14 1 13.6 0.6
N 14 1.65 154 0.6
Overall 28 145
H =0.36 DF = | P= 0.55
H=0.36 DF = L P= 0.549

C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard

adjusted for ties

adjusted for ties
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Boxpiot of 36 TC_(wt) vs Compllance-P
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Krugkal-Wallis Test on FTC_(wt)
Compliance N Median Ave Rank
c 14 9.45 15.7 0.78
N 14 49 133 -0.78
Overall 28 14.5
H=0.61L DF = 1 P= 0.435
H=0.61 DF = 1 P= 0.434
C=

Boxpl ot of CPUE vs Compllance-p
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Teston CPUE
Median Ave Rank
7 14.4 -0.09
6.5 14.6 0.09
14.5
|l P= 0.927
1 P= 0.927

adjusted for ties

adjosted for ties

data in compliance with D.O. standard; N = data not in compliance with D.O. standard

C = data [n compliance with D.O. standargd; N = data not in compliance with D.O. standard
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Boxplot of GEN vs Cormpliance-P
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Coagplance-P
Kruskal-Wallis Test on GEN
Compliance N Median Ave Rank Z
c 14 0.8205 134 .71
N 14 0.876 15.6 0.7!
Overall 28 14.5
H=0.51 DF = 1P= 0.476
H =0.51 DF = 1 P= 0.476 adjusted for tics

C = data In compliance with D.O. standard; N = data not In compliance with D.O. standard

(_ Boxplot of LITOT vs Compliance-p
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Compliance N Median Avc Rank Z
c 14 0 165 1.29
N 14 0 12.5 -1.29
Overall 28 145
H =<1.66 DF = 1 P= 0.198
H = 4,47 DF = 1 P= 0.035 adjusted for des

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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Boxplot of NMIN vs Compllance-P
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Krugkal-wWallis Test on NMIN
Compliance N Median Ave Rank Z
(o] L4 2 14.7 0.11
N 14 2 14.3 0.11
Overall 28 14.5
R =0.01 DF = 1P= 0.909
R = 0.0 OF = 1 P= 0.906

adjusted for ties

C = data In compliance with D.O. standard; N = data not in compliance with D.O. standard

Boxplot of NSUN vs Compliance-p
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Kruskal-Wallis Test on NSUN
Compliance N Mcdian Ave Rank 2z
[o 14 3 16 0.96
N 14 25 13 0.96
Overall 28 i4.5
R =0.93 DF = |l P= 0.335
B =10.97 DF = 1 P= 0.325

adjusted for ties

C = data in compliance with D.O. standard; N = data not in compliance with D.O. standard
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ATTACHMENT B:

REGRESSION PLOTS COMPARING FISH WITH DISSOLVED
OXYGEN CONDITIONS
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SCREENING AND REDUCTION OF HABITAT VARIABLES

This appendix discusses in detail the process used to reduce the initial list of 241
habitat variables to the final set of 16 variables that were used in multiple linear
regression with fish data. Tables in Appendix E summarizes the variables eliminated
and remaining at each step in the process.

D.1 Screening of Habitat Variables Not Applicable to the CAWS

The initial list of 241 variables was reviewed to identify any variables that were not
applicable for use in the CAWS because of conditions in the CAWS, for which there
was insufficient data, or that represented a condition that was adequately described by
another variable. Some professional judgment was used in this step, but many
screening selections were obvious choices. The tables in Appendix E include the
rationale for elimination of variables at this stage in the process. Some examples of
variables eliminated in this step include:

e Variables associated with thalweg measurements were eliminated in this step
because a thalweg does not exist in most parts of this system.

e Variables associated with bankfull flow were eliminated. Most of the CAWS
consists of canals and constructed channels. No natural hydrologic regime
exists, so the concept of bankfull flow is not meaningful in this system.

e Large woody debris was eliminated because large woody debris is
intentionally removed by maintenance crews from most of the system.

* Many variables were eliminated due to the lack of data, including many
variables that characterize bed conditions. Some substrate variables were
retained, but the depth and turbidity of the system do not allow direct
observation of bed conditions and grab sampling can only yield limited data.

This screening process was affected largely by the nature of the CAWS and the
conditions therein. As stated above, the table in Appendix C pravides a summary of
the reasons for eliminating variables at this stage. The habitat variable list was
reduced from 241 to 66 in this step.

D.1 Correlation Analysis of Habitat Variables

Correspondence analysis was used to identify variables that are highly correlated with
each other and that may be redundant. The 66 variables remaining after qualitative
screening were then statistically analyzed using Spearman’s correlation analysis. This
revealed variables within each of the five categories that were significantly correlated
with each other with a correlation coefficient of 0.7 or greater. Matrices of Spearman
correlation coefficients for each of the five habitat variable categories are included in
Appendix E, along with a table listing the variables evaluated in the correlation
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analysis and notations on variables eliminated in this step. In selecting between two
correlated habitat variables, correlation of the habitat variables with fish metrics,
coefficients of variation of habitat variables, and potential to be improved in the
CAWS were also considered. One habitat variable was selected from each set of
correlated variables, considering both degree of variation (higher coefficients of
variation were preferred) and correlation with fish (stronger correlation with fish was
preferred). This process eliminated 22 habitat variables.

During this step it was also noted that several variables represented similar habitat
conditions in the system:

o Habitat variables representing percent concrete walls, percent steel sheet pile
walls, percent stone block walls, and percent wooden bulkhead walls all
represent conditions where banks consist of vertical walls. These variables
were combined to a new single variable to represent the functional effect of
these conditions on fish.

o Similarly, two variables connected off-channel open water and marinas
represent conditions where solid banks open to larger connected water areas
and were combined to a single variable.

e Two separate variables representing number of NPDES-permitted CSO
discharges and number of other non-CSO NPDES permitted discharges were
combined to a single variable.

These reductions further reduced the set of habitat variables by 5, which left 39
habitat variables to carry forward in the process. Two anthropogenic variables
representing distance from Lake Michigan and commercial tonnage passing were
highly correlated (Spearman’ s coefficient = 0.733; p < 0.0001), but both were carried
forward because both were suspected of possibly affecting fisheries based on data
observations and the desire to be able to examine both subsequently.
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Table D-1: Variables Used in Principal Components Analysis.

Variable Category Habitat Variable

Geomorphology & Hydrology® | Flashiness index (ratio of 10% to 90% exceedance fows)
Maximum velocity
Average velocity

Wetted permeter of channel
Maximum depth in reach

Number of tributary, backwater, and off-channel habitats from fiefd
observation

Number of off-channel bays (areas isolated from main channel >S5 sq. m.
Bank “pockets” or similar areas that may serve as fish refuge along banks
Sediment & Substrate Dominant substrate in shallow part of channe!
Dominant substrate In deep part of channef

% Hardpan, shallow

% Hardpan, deep

% Sand and fines, shallow

% Sand and fines, deep

% Gravel, cobbles, boulders, shallow

% Gravel, cobbles, boulders, deep

% Plant debris on bed, from District PHA

% Organic sludge, from District PHA

Depth of fines, from Dlstrict PHA

In-Stream Cover Number of aquatic vegetation types

Average macrophyte cover

In-stream cover present

% of canopy over waler in reach — field measured
Secchi depth

Bank & Riparian Condition Dominant riparian tand use

Bank angle

% Natural banks in reach (earth banks with vegetalion)
% Vertical walled banks in reach (steel, wood, stone, etc.)
% Riprap banks in reach

% Bank length accupied by open water (marinas, etc.)
% Riparian vegetation

Anthropogenic Impacts Manmade structures (bridge abutments, dolphins, ele.)
Number of NPDES discharges

Distance from Lake Michigan

Distance to nearest wastewater treatment plant
Cadmium congentration in sediment

Total PCB concentration in sediment

Simultaneously extracted metals in sediment

L

% All hydrologic variables were determined from DUFLOW model output.
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D.2 Principle Component Analysis of Habitat Variables

Principal component analysis (PCA) was used to further reduce the list of variables
from the 39 remaining after correlation analysis. PCA is a statistical technique
commonly used to identify which variables explain the most variance in the data set.
It is frequently used to analyze habitat and biological data (Blocksom and
Flotemersch, 2005; Fitzpatrick et al., 1998; Hall et al., 1999; Wilhelm et al., 2005).
The PCA was conducted on each of the five variable categories independently,
because of a desire to retain at least one variable from each category for the multiple
linear regression. The variables representing presence or absence of in-stream cover
and high navigation were not included in the PCA, because they are categorical
variables. Procedures for using categorical and continuous variables together in PCA
are not well established and may give misleading results. The variables used in the
PCA are listed in Table D-1.

PCA is a variable reduction procedure used to transform a set of variables into new,
artificial variables that are not correlated to each other. By transforming the original
variables into new, non-correlated variables, the amount of data variance explained
by each new variable can be calculated. Each of the new, transformed variables is
called a principal component or principal component “axis” and the method is
structured to identify which principal component explains most of the data variation
(called the first principal component), which explains the second most data variation
(called the second principal component), and so on.

The method also calculates the weight with which each original variable is associated
with each principal component, using linear algebra to calculate each variable’s
eigenvalue. The eigenvalue of each variable is referred to as its “load” and the
original variable that has the highest load on a given principal component axis is the
variable most strongly associated with that axis. Original variables that have
relatively low loads on principal components axis are the variables that are more
highly correlated with other variables, suggesting that they can be eliminated without
losing significant explanatory power of the data.

The plots in Figure D-1 (called scree plots) show some of the results of the PCA,
including the following:

¢ The number of columns on each plot indicates how many principal component
axes were needed to explain 100% of the variance in the data.

s The height of the columns indicates the eigenvalue or principal component
load for each axis, which was used as a screening measure to indicate how
many axes to use in variable retention. Variables were retained only from axes
with eigenvalues of 1 or greater.

* The line plots show the cumulative proportion of variance explained by the
principle components.
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In PCA, it is generally desirable to have the first three or four axes explain most of
the data variance. In the case of the CAWS habitat data, between two and four axes
were required to explain more than 70% of the data variance, as outlined below.

¢ Geomorphology and hydrology variables: The first four axes of the PCA
explained 76% of the data variance and inclusion of a fifth axis did not
significantly improve the variance explained. This indicates that the majority
of the variability of the nine variable set can be described with fewer than nine
variables. To ensure that we selected variables that described the variance of
the complete data set well, we chose to eliminate variables with low loading
on the first four axes. After reviewing the PCA results, three variables were
eliminated from this category.

e Sediment variables: The first four axes of the PCA in this category also
explained 76% of the data variance for this category, suggesting retention of
at least four variables from this category. Two of the variables, representing
organic sludge and plant debris, scored very close to each other, so the
decision was made to combine these two into a single variable representing
organic sediment. Six variables were eliminated from this category based on
the PCA results.

e Overhanging and in-stream cover variables: The first two PCA axes explained
80% of the data variance, suggesting that two of the four variables could be
eliminated. However, because of the perceived importance of in-stream cover
in the system, only one variable was eliminated from this group.

¢ Bank and riparian variables: The first three PCA axes explained 73% of data
variance. Close ranking among variables indicated retention of more than
three variables, so only two variables were eliminated from this group.

¢ Anthropogenic variables: The first three axes explained 74% of data variance,
suggesting retention of three variables from this group; four variables were
eliminated.

The results of the PCA screening of habitat variables are summarized in Table D-2.
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Table D-2: Results of Screening Habitat Variables Using Principal

Components Analysis.

Variable Category

Habitat vVariable

Geomorphology & Hydrology

Flashiness index
Maximum velocity

Retained

Eliminated: even with Flashiness on PC3,
correl, w/nav.

Average velocity Eliminated: rel. low load on all PC axes
Wetted perimeter of chanrnel Retained
Maximum depth in reach Retained
Number of off-channe! habitats Eliminated: rel. low load on all PG axes
Number of off-channel bays Retained
Bank “pocket” areas Retained

Sediment & Substrate Dominant shallow substrate Etiminated: rel. low load on all PC axes

Dominant deep substrate
% Hardpan, shallow

Eliminated: rel. low load on all PC axes

Eliminated: rel. low ioad on all PC axes

% Hardpan, deep Eliminated: rei. low load on all PC axes
% Sand and fines, shallow Retained
% Sand and fines, deep Eliminated: rel. low load on ail PC axes
% Gravel, cobbles, boulders, shaliow Retained
% Gravel, cobbles, boulders, deep Retalned
% Plant debris on bed Ratalned
% Organic sludge Retained
Depth of fines Eliminated: rel. low load on all PC ax
In-Strearn Cover Number of aq. vegetatian types Eliminated: rel. low load on ail PG axes—‘
Average macrophyle cover Retained
% overhanging veg. cover in reach Retained
Secchi depth Retained
Bank & Riparian Gondition Dominant riparian land use Retained

Bank angle

Eliminated: rel. low ioad an ail PC axes

% “Natural” banks in reach Retained
% Vertical walled banks in reach Retained
% Riprap banks in reach Retained
% Bank with open water Eliminated: rel. low load on all PC axes
% Riparian vegetation Retained
Anthropogenic Impacts Manmade structures Retalned
Number of NPDES discharges Eliminated: rel. iow load on all PC axes
Distance from Lake Michigan Retained

Distance to nearest WRP
Cadmium conc. in sediment
Total PCB cone. In sediment

Simultaneously extracted metais in sed.

Eliminated: rel. low ioad on all PC axes
Eliminated: rel. low ioad on all PC axes
Eliminated: rel. low load on all PC axes
Retafned
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D.3 Habitat Variable Correlation Across Categorles

After PCA, 23 habitat variables remained, including commercial navigation,
representing a variable-to-data ratio of 0.28. Ta this point in the variable reduction
process, habitat variables had been segregated in the five categories. As a final
screening step before regression with fish data, the correlation of the remaining
habitat variables with all other remaining habitat variables was evaluated using
Spearman’s correlation. Variables were evaluated for potential elimination if they had
a Spearman’s correlation coefficient with another variable of 0.6 or greater.
Commercial navigation was included as an anthropogenic variable in this process. Six
additional variables were eliminated because of strong correlation with other
variables in other categories, as explained in Table D-3.

Table D-3: Results of Correlation of Habitat Variables Across Categories.

Variable Category

Habitat Variable

Geomorphology & Hydrology

Flashiness index

Wetted perimeter of channel
Maximum depth In reach
Number of off-channe! bays
Bank “pocket” areas

Retained
Retained
Retained
Retained
Retained

Sediment & Substrate % Sand and fines, shallow Efiminated: correl. w/ macrophyte cover (0.601)
% Gravel, cobbles, boulders, shallow | Refained
% Gravel, cobbles, boulders, deep Retained
% Plant debris on bed Retalned
% Qrganic sludge Retained
In-Stream Cover Average macrophyte cover Retained
% averhanging veg. cover in reach Eliminated: correl. w/ vertical walled banks (-0.600)
In-stream cover present Retained
Secchl depth etained
Bank & Riparian Condition Dominant riparian land use Jetained
% “Natural” banks in reach tliminated: cormel. w/ macrophyte cover (0.726)
% Vertical walled banks in reach Retained
% Riprap banks in reach Retained
% Riparian vegetation Eliminated: correl. w/ % dominant land use (-0.665)
Anthropogenic Impacts Manmade structures Retained

Distance from Lake Michigan
Commercial navigation
SEM® in sediment

Eliminated: correl.
Eliminated: correl.
Eliminated: cormrel.

w/ bank pocket areas (0.645)
w/ maximum depth (0.783)
w/ vertical wall banks (0.726)

This process reduced the set of habitat variables to 16, which represented a variable-
to-data ratio of about 0.2. These 16 variables were carried forward for comparison to
fish data, described in the following section.

9 SEM = simultaneously extracted metals
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APPENDIX E:

HABITAT VARIABLE TABLES AND SCREENING RATIONALE
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Habltax Variable Reduerian; Combingtion of Like Yariables

ES
Variakle Group Variatie [Varlable Descrigtion Jsource Ratjonate
Gromarphology & Hydiolagy
r— FLASH_IN Flash index: ralo of 10 o 30% exceedence Mows (USBS page data, ak yaart) Wil ket et af. 2000
050 Avgrape YOX leve) fot diuharge from USGS gape doiv (em1) Wi Nebm w2l 2001
MAD (Mean Annua) Discharge lrom USGS gags dats (o) Wilnatm &) 11, 2001
MAX_VEL Max um velpaity averaged for Dansects ims) Wilheim el at 2001
I AVG_VEL | Avrsage welndiy (Q/XAREA) mvesaged for irangects (/i) 'Withelm ef sl X1
P31 2 Veindity to-defth atlo Withalm e 31 2001
XAREA Crote-sactionat srea (N({dhedle 1)/ 27wi) of weetted channsl (m2) | wihetm atar yoo _ _ —
- WET_PER T [ Wetted permeter ({dintie 3} whwi+1213/2) of wetted channel i) — - Wilhelm e¢at. 2001
-7 PTOR_RAD Lo Fiore trydraic s1diua XARER drided by WET_PLR {m) VaingUn etal, 2000
- Max_DeP (Mt um degih averged for irtacs (m) Wilheh &y 1, 2001 | — e
LOCMAXD Lorakinn of mazimum depth 43 1 progdrtan of lotal width Wil etm e) al. 2001
T |owiw o CAWS width battom of caarmel Gws Ualear
CAWS_DEPTH Sitw depld 13 meanures fof PHA MWRDAC PHA
AVG_DPTH (Average depin XABEA dividan by WET_WIDTH sweraged for irandects (m) Whithelm et 30 2001
WETWIDTH 20w arn widis 2) Yow Nlow wetted channed, sveraged lor transects (m) (Waketm e 11. 2001
WETWIOTH_ALT ahteraate sty eam uddth Wikvem etal 2001
ww DN D Mean wetted widih divided &y mean dedpth iinebn et 2, 2001
OFF_CHAN Number of eributary, backwalas, 108 off-chaanel hablats fromon-site _...|wilretm er a1 2001 s
TRIg_PH mhu of {ributary and backwatar habitare from zesial phot ographs Wihedm el al 2001 -
OFF O1_BAY Off Chamr el By 3613 wass asrovecint 1o mam il solatsd [73em oyl G o4 maln crare, w75 m34) _ |arrgieos et af 2002 sogies
BANK POC_AREA vu;uu:&lﬁ\'m bank thaf may sesve a3 rehs, v for 13 p from the main channel flow CAWS Unique -
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Hapfsat Yadabie Reduction: Combination of Like Vaelables

&
|variabie Group Jvariable |vasiable Description |Sourca |Ratlonaln
~ Tenp X H1rd pag, deep Withetm ¢ 21, 2001
DOM_B 1 Jeep dstaate Wiktvelm # a2t 3001
SAFN_D % $and and Anes, deep Wilrelm e1 2! 2001
BG_0 % Subav xie fine grave), colrae prave), cabbie, and boulder, deep Wilhetm el AL, 2051
| BN S % Harg pan, shalow —_ . Whheim et 2l 2001 . e
S JOM_S [Dorizant shalzw sotsuate _ — [WAhetmrtal. 2001 [
AFN_S % Sand 1~ faes, hallgw — . —_— Thelm et al 2001 ___
81G_S % Subtviate fine gravel, co1rse gravel, And boulder, shakow Wilhehn et &, 2001 _ .
| _jeaws Inse CAWS Pra X lnorganic Sludge o Mwrpec A . _
CAWS_ORS(G CAWS PHA X Oraniz Sludge - _ [mwroacrua
_ CAWS,_MOBR CAWS PHA N Plant debrs —_ _[mwmoccma ~ ;\: . T
L [CAWS OPTH NS feaws oria Devth of fes [Mrrioge pea
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Habias Yarfable Redection; Combination of Uke Yadables

&
[Variatle Grovg [Variable —___[vartabie Description Saurce [Ratlanale
|nstream (mear .
I [AQ_VEG Nurtibe” of 2 quatit Ve ges s e types within hes [MWADGE FHA
’ WIAPH_CD Avesage Mazrophyle coverage (area*deagity) im) Wilheira et 3l 2001
[PERC_COV Parernt of eanopy cover over wale/ « Gi-derbead MWRDGC ARA
PERC_COV_ALY ‘Perent of can opy Saver over water - feld-measured CAWS Unique
- CENGTH_COV |Mesured langth of cover st sratian (CAWS Unique i,
T NUM_CoV Recorded presence of absince of in-strearm cove? {woody debris, bouiders, e1c) [CAWS Unique Retained
@H_CUV (Depth of shade cover ) " leaws Onlque i
LENGTH_OVR __ |Messured length of undescut banks 2t siation CAWS Unlique o
T " [seconi |Seceni ceoth (m) - WAl et al. 2001
Bank and riparian candition . 2
8 tu [Bominant tand uss eft bark (calegorical) = : Wilhelm 21 2k 2001 _
7 RB_LU " [per land asa right bank [otepanea - Whieim e¢al 1001
[ COM_L0 Dominant 2t e, both Banks combined (Otegorical) Witve!m etal 2000
BANK_ANGL Average bank angit of both bants Wielm et 11, 3003 |
BHK WAT Barrant Al hashs s nitas oo o= 2 -4 wal(, rip‘Ap, oF aThev 3omanNg) i CAWS Unique
. n a " . L w _
L - . _ _'
e/ e Eaa— —|
B NE_RPRAP Percent npragpad barks I amplingreach T T e o -
et ol -
2 B LWmpig meuck e . e
T rigarlan vegetalion fram ure mrssuremen _ T T ‘cAws Unique - | _
- Ty s T Tonal jeagih of Aipsrian - T o (AW Grique T
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Habitat Variable Reduetion: Combinaviop of Like Vartables
[

Vadable Group |varabte [vartabte Dexcription Jsaurme [Rattanate

Anthropogenic rmpacts

. 1] " RUGCU M abmramets otretat the - — - 'MwADGCPNA -
MO ot CAWS Unigus
A ] aan _ ] CAWS (fnigue ] {.__ _
LMICH_D Dlstasge 0 nvarest  § Lake Michigan polnt Caws Lnir-~
2 NAV TH&J [Commescha) lanrage passing _ o _ o . [cawrsunig ]
] PUMPSTA D~ |Distance tn nearext pumplag satiar — - CAws uniy .
WWTP O (Divancr 1o anarest wastewates reatmen) plasl CAws Unig
i - __ SED_CD Cad o ium cancagration In 1adiment . CAWS Unlque
. SED_SEM | Simunaneousy extracted metsts in cediment CAWS Unique .
5 SED YOV PCB —_|Torah (A3 in sediment |caws ynique
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Hatitat Variable Reduction; Scearman's Correlation Anpivsls

64
Varatle Group Jvasatta [wanable Descriptdon [sourca
|Gecmarphalogy & Hyrroloxy
FLASH W £i3ah Index iy of 10 t0 30% axeeedence Nows (USGS gage datd, sl years) (Wilhekn a( 1) 2001 Retafned: Moaifless #om USGS daa ta DUROW model puput.
aso_ Averape S0% excavdenca lovel far dischirgs from USES gage daus {ema) W/iMelm erak 2004 Ellminated: highly conrelated with MAX_DEP (> 0.7)
MAD [Mean Annuai Discharge oo USGS gape data (ery) ithetm et ai, 2001 Elln Inzhed: highly correlated with MAX_OEP (> 0.7)
_ MAX_VEL Masimum velocity averaged far uansecs Im/n) IWithetm e) sl 2001 Reuained: Mod Med from USGS dala to DUFLOW modsl oulpat |
_[ave ve ] avaraged for ransecrs (m/y) - " Wineim et aC 2001 " [Retainea  MoaRed fram USGS aat2 ta DURAW model oxtp
_ S adey o - heim atal. 2001 T Eiminated: Wighly coreitod with AVGVELP0Y) B
- XAREA Cross-sectional sres {N(atedio)}/2wil| cfwerad chanmet 2] R [ Whihet €101, 2001 " " Elminated: R Iy torreinied with WET FER(»G3]
] WEY_PER Wetted pimeter (Hidbedi+1|Zopwitwis 12J1/2) of wetted channel |m) Vil helm eCak. 2000 |Raiained ”
HYDR_RAD Lo ow hydra Lilc rad us: YAREA dided by WET_PER (m - " [Wimelm er ak 2001 d: hlghly Corrcuncd with MAX_DEP (> 0.7) I
MRX_DEP Maxirum dRph aver1ged for ranveats () T T T T | Wihelm et ad, 2001 o - : T
LOCMAXD ocatéon of m de portion of total width — Windm »
T {ows W Bo CAWS widih botom o channel T 0T T " |cAws Uniqus e -
CAWS DEPTH Stoe depth a1 maasuired for PHA B _ " MWROGC PHA Eliminated: highly raeretated with MAX_D€F (> 0.7]
AVG_DPTH Average depth: YAREA dded by WET_WIDTH averaged for transeces [m) ’ wHnRaIm ¢t ah 2001 ‘Bliminated: highly Darrelated with MAX_DEP (> 6.7)
WETWIDTR “Stream width 3t {ow Row weited dunntl, sveraped for ansecis (m) Withelm ot al, 2001 | Ellminated; nghly correlated with WET_PER {» Q) |
WETWIDTH_ALT [aemate stream width Wietm et s), 2000 [Eiminaced: Nighiy corielated with WET_PER G BT) |
Ww o o Mean wetted wiatn dhided by mean depth [ withelm vtab. 2004 i rinated: Aighty eorrelat od with CHYWS_Ot RAT > 87}
OFF_CHAN Number Bf il ry, b dhewater, and ofT-thannel hahitaty from on-sike . Witk i et ai, 2001 Ratalned
TRIB_PH Number of sibutary 3ng birkveaves abitets from T " wneim et a1, 2001 Eitraina e, highty coeialed with OFF QAR > 0.7) ]
R QFF_CH_BAY O# charne! bay 11811 (aua1 comeated [ main chanrel 1ol 3tvd Irord gerveral fow af main c el o 75 o) |MHWm €121 7002" adopeed  |Remined
| _ BANK POC_AREA  Porxel 17643 wilhin the bank that My Sarve a3 reluge fof spp tom tha muin channel Aaw |cawsuninue JReratned
Sediment
“Tx Raro pan, arep [Witelm etk 2000 Retalned - -
__|Dominant aep subsirate Wibnelm et ak 2001 - m& - - -
% Sand and fires, ceep @il et 2t 2001 " |Retaines B
96 Subserate Ana gravel coarve gravel Cobble, and boular, arep [Winabm en ai, 2001
X Mard pan, hallow Wiihipim e) af 2001 Renlned
|Dorainant haliow subsuate IR Eim et al 2001 |Rewined
XN Sand ang Anes, shaflow WiiNedrs et sh IO Rekained
% Sudsivate fina gravel, coarse pawel, cobhile, and boulder, thallow Vilhe Im o2 2i, 2001 Relalned
(CAWS PHA % Inarganic Shud .- _ N MWRDGC PHA ElimMaced: pighty correlated with OOM_0 (> 0.7) ]
. CAWE ¢ |CAWS PHA % Ocganic Sluage T . MWRDGE PHA Retalnes
[CAWS_PLOBR ___[cAWS ARA X Plan! debriy - [MWRDGC PHA Reualned -
{ CAWS OPTH_FNS  [CAWS PHA Dephs of g [MwRRGC PHs ReGainec -
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Habltat Verable Reductlon: Soearman’s Corrclation Analysis
3]
Variatle Group [vadabla [variable Deseriptian [Source _[Ravinnate
Wistream cover
VEG [Nu bt of 2 Quatiz vegamiive rypes withlx area [wroGe pra alned
MCRPH_CO Average macropbyte covernge (1 "density) {m} d
PERC_LDV Percent of c nipy cower wer wader - Gisierived n " Mighly avrelated with PEAC_COV_ALT (> 0.7)
PERC_QOV_ALT Prtcent of CINDRY coves over water - fleld-measured ne. o
ENGTH €OV [Masured length of cover st radon ) Kim e Ftlyc dwT - T W_ALT(> 0.7
NUM_COV Recorges prrsence 01 abserte of ln-stream cover {andy dedris, bavlders, fc.) 7 T
- _ DEPTH_COV Cepth of shade gver B - ” e aw
T [CENGTROVR T fMeasired bength of undercut barks at acian B cAws Grig - . < WATHOT
SECCHY Saccht depth {m) vetal 2001 N d -
Bank and rip2 s LI .
[te_tu [Oorsinaxi lang use 2 Iy correixted  7th DOM_LU (> 0.7)
— ®B_Ly [Dominart band use : o T Wil alm etal. 2001 Inat Iytomete 3 N0y ~
DOM_LY land use, bath banks wun < (categariaan) o1l 2001 T |Aeisined
BNK_ANGL Average b3 k2 g of both banks W inaJm 2L 2001 Aenalngd
BNE, MAY fiencent natural Banke tnumpling - 1 |slaped, no walls, riprap, ar pthey 3rmaring) CAWSU ™ 1e Aela ned
BNK_WALL Pereeat wert:aaky walled banky ling raxeh CAWSU 1 Aea o
BNK_RIPRAP parcent iprapped danks in am ach AWSU e L]
BNX_MARWA Bercent bank lengrhin sami  [raach ¢ marina ter Gwsu e ]
P RIP_VEG Pyrcent ripatlan B CAWS U 1e o ! 7
[Tot 1G Toral lenmth of Aparian- on o ) " leawsUnique i . Jrrelnisd with B RIP VEG b 0.7) B
ARthIOpo| Tapany | )
“ "IAN Made_Stuct 'Wumbes of mazmac 44 wralned -
faallull'Litad ot —_—— = - = _
UM _SUM Numibef 01 NPOES o AWSU  1c - i
e 0 Bisanee ta neafru N acoess pe.tL - -~ CAWS 1 Rea
T AVTHRU T [commercal tonnaps: passing T T T T eawsunique T T [Renained
PUMPSTA_ D Distance Lo nearest pumping sation CAWS Unlque Eliningted: h'gnly correlated with NAV_TNRU (> 0.7)
X WWTP D Olatance 10 HeaTen wistawaler HERMANT piant CAWS Unigua Ined )
X SED_CD Cadrtlum conceetnticn In wadiment CAWS Unique Retvined
X SED_SEM [Simultanaouly extracred mearals in sediment CAWS Unique Retamed
X S(D_YAT_PCR Totah PCBa in sediment (AW Unique Retalr ra
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[Variabie Deatriprion [$ource
___Jramindex rtinal 101> 90K xarvedence flawt (USES papedil - Tvmemeatzon [eointormin - ~ - 7]
Maxtmum vlooty v grd fof barsacss (i) - Jommas s leRhinate: matched with RADL N o1 PC3: 0,728 e,/ HAY T
[ Average velonity {Q/XAREA) 1weraged for tranurcry mvi] _ furrade we 41 3200 Eliminate. Aot swangest as sny 9CA ik
Wiettnd perimeed (7([dhvd [+ {)2e{wiewrt>1) 210/ af wattrd eranned {md itheom, & al 206 1 [AeuIn Far MR
Maximum depth nﬁ_q_eﬂur lnmﬂ'm)_ i 2001 [Retaln for MLR
“Tourmbas of wihutsry, 376 oflhanhal Nabats oM omeate R T Elminata: not cmangeat on any PCA aals _
D channed bay a6l 1 {mum conecited £0 miln chamred, (100124 hram g ener® Mow of Maln chomnel 1095 m ig) Jamngiaus 2131 L1 sdopred [RiDIN for MR _ . .
Pocknt 17051 WIINA The bk IRT ity tarve a3 refuge for 13 from the i bn channel fivw o umgue “IRetain lar R —_ -
Ward pas., deep B - FmYiace: ot FIrongelt on any POA s :{
(Dol Aant deep i bizaze e _ _ |Eiminate: ok crangwst on pny PCA b | e ]
% Sand and Anes, dveg _ . X 2 On amy PCA axit __
. [Bic % Shiate Fre gr— e widv  rep W] _
M W pan, wabion Elbm lnate. Rot stroh et on any PCA ;3 7
_ — DOM_S _..|pom Maflow tubarmte . _ [ElimInate; not serongest on 2 xy POR s
_ I YK I Sana wnd fes o o } ‘_ [retata for v -
a6 § X Subsirate Pne graved, casne pravel, ectble, and bogider, thallow Retaln for MLR
[CAWS_ORSLG  _ [CAWS PRA X Orpihic Sange —_— _ Rewaln lor MR _ . _
CAWS_PLOBR CAWS PrA % Plart debns Retaln bos MLR
CAWS DPTR SNS  [CAWS A Db of flaes EQminate; ol an sy POA s
(nstymam covet ————j
T avEs T umberot squaticvepeiative iypes whhin area - _ )  |minate: not strangent an amy #CA 3B B
IMCRON_CO Averkge mACTDhyte comerige |arma *dens ) {m) Wil ¢l X004 ReZaln for MLR
ME_%MT_ [Prroent pf LaRDsY cOVRr over wale! - flaid-mesiured - _ o hraas unigua . Ram1in lar MR —_ —
NUM_CgVv 4 presence or dhaente of i m vt fuoody debrir, bouldery, eie) CAWS Unique Reta nwed
SE0CHD [Swoek | depth Imd veineln = 11 2001 Retain for MUA
Bank srd dpadan condhtion
__ DOM_ W DIV nant land use, bath d1nks comokred teatrgarkal) Tectneim e 31 001 retain for neir - _
_[BNe aNGt [Arerage sac angie of both banks ~ T . e 2t i tw: ROt SDAERT on Ay PCA 148
BNK_NAY Pefrent miurs) 2anE in sampling (e10h (sloped, /0 wills, fiprap, or other drroding) Ctad Unlpe [Retain Ins MLR
__[BNK WALL  [Percent vertica by watiez bani . amelin g reach . RANS Y g __ (Reuintormia _
BNK_RIPRAP (Pertant 75 rapoed bankt In 2 mpling reach WS et (Reratn for MLR
BNK_MARWA —annunltmln sampling 6dch oocupled By MmanAI B apen water A A Umigia R ) Clminate: Aot 1e-ongesl on Ay PCA axhy -
P _RiP VEG Peroeny apawisn Ltion o bte Melgyremeniy Jaoms. Uniqy elaln for MR
MAN_Made_Struct [Number Of matrade structarer — ;_ IMM(.!IM I —
_|sum sum Nurmbaz of MPOES perrm tted outfally o o Caws Lonina Bl . ... Tonges:onany PCA MK
3 LMICH "7 {putance 16 nearest Ujs Lke Micnigan 100011 poIAY o Ui Retaln for MR
| NA!_!HKU_ mrmerclal lwxnﬂh_(__ _ _ Resaln far MR . _
WP D IARCE 10 Paarest wattewat-- e - [Elvminate: not strongett on 1ny ACA ks )
S0 e T _foadmivmroncepmioninan A . —— e . Himbate: A0l stongaston any PCARY . .
SEDSEM JSimatanrounty eaniresd B B o or ML - o
| $E0_TOT Pca [Toalpehe in ndtemery . ) - j ~ JEininate not strengrat on any PEA xit ) )
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Rt

Varlable Groap variable

__[variable Deserigtion

Saurce

Geomorphalogy 8 Hydrology

FLASH_IN Rish (ndex_ratio of 10 to 96% excaadence Fows [USGS gage data, all years] Weineirn et 31 2001
WET_PER [Wetted cerimeter (F{2ledi> 132 ~fwbowhs 221 of wetted cma fnel {m] Wilhelm ctal 1008
MaX_piP |Maxtmum depeh 31vesa gad for transects |m) wilhaim et al, 2001

JOFF_CR_Bay 04 thann al o2y areas [ows, corecied 1o mpe dummel, bokited from gomeil frw af mak1 chinocl, b >4 m x7} Allnghaus ¢t al 2002° adopted

IEANK POC_AREA  |Pockar Araay wizhin the bank that atay cerve 13 refuge far £op from the mala channel Aow CAWS Unlque

Secimaat i = — .
- ~ s X Subsirate fine gravel caarse gravel, coobile, and bauter, deeg — (Wilhelrt € 1¢ 3001
N % $3nd 3 fines, shaflaw Wilhe(m etal. 2001 " [Eilmtrated correl. wf macrapire covet (0.601)
B3 S % Subrstrate Rne gravel, coarse gravel, cobie, 3ad bouldar, thallaw Withetm et al 2003
T |caws_ORsLG CAWS PHA & Orpanic Snidge — [mwsnar pua -
" |caws_Pioer CAWS PHA X Prant dekrlc MWROGL PHA -

Insi/oam cover

MCRPH_CO Averaps macrophyte coverage (1782 aensity) (m) |thrtrn el 2001
PERC_COV_ALT Percent of carapy FOveY owts water - flale-mesuraa |cawgyaique Ellmfrated corral. w/ verical walled banks (1600)
NUM_TOV Racarded proacnce or asence of fn-sinedm caver (wo ody dedr.s, baulders, elc) lCAWSUnquA
SECCH( Secknl depth (m) | wanetrm etal 2001
Bank and ripanan conddion
foom_1y [Bomimant tand u1e, both banks camnined teatagonical) — ~ Wil et et al, 2001
[BNK_NaTY [Parcent nmural banks In @pling reach (sloped, no walls, iprap, or other MmMaring) ) __|cAwA Unlque Eitrninated cormel w/ Micrg phyte cover [0.7261
- BNK WALL Percent vertically walled banks {h ampling reach (canzrete., sheet plfing, stane blocks _ Jcaws Unique
BNE_RIPRAP Percent Apripped panks in wampling <each CAWS Un{que
P_RIP_VEG Peroent riparian vegetaltion from tbe measaremants |CAWS unfaue [Biminate: tarreirtad witn DOM_LU (-0 585
Anthraopegeale Impaas .
— MAN_Made Struct _|Humber of manerad » pruguces 3t (he site [MwRDGC pra ]
LMICH_D Distance to nearen U/S Lake Michigan scvess pedms CAWS Unigue Ellminate: corrabated with wt_’mc_mu (0648}
NAV THAU Commerdal tornape pasdng [CAWS Unique Ell ted: cormel w/ Maximum depih (A 789}
SED_SEM $imuimapously oxected metale In yecIment (CAWS Un/que Ellminated. correl, w/ vertical wal( hanks 12.726)
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Eina) Habltas Variabies for Regressfon with Fish Metric

1§
Ivadable Group [variable {Variable Deseription [Souren
Geomarphatogy & Hydrolagy
FLASN_IN Flash Index. ito of 1D Lo % exceedenta Fown |USGS gage data, all yeam) Wilnaim vt o/ 2001
(WET_PER Wetad perimeter (W{dled o 124wl vwis112]1/2) of wrtted channe (m) \wilnehmn el al, 3001
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