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5
.2

2
S

u
m

m
ary

D
escrip

tio
n

T
he

evaluation
of

the
m

acroinvertebrate
data

by
station

and
by

reach
found

sim
ilar

results;
the

m
acroinvertebrate

com
m

unity
is

dom
inated

by
a

few
opportunistic

D
iptera

(C
hironom

idae)
and

non-insect
taxa

(O
ligochaetes).

N
early

half
of

the
taxa

collected
in

the
C

A
W

S
are

from
the

order
D

iptera,
and

alm
ost

all
are

in
the

fam
ily

C
hironom

idae.
B

y
abundance,

oligochaetes
(Phylum

A
nnelida)

dom
inate

the
benthic

com
m

unity,
com

prising
over

74
percent

of
all

m
acroinvertebrates

collected
from

the
C

A
W

S
during

the
200

1-2007
period.

T
w

o
species

of
non-native

bivalve,
the

zebra
m

ussel,
D

reissena
polym

orpha,
and

the
closely

related
Q

uagga
m

ussel,D
reissena

rostriform
is

bugensis
com

prise
15

percent
of

the
sam

ples
as

w
ell.

A
n

analysis
of

the
differences

betw
een

sam
pling

m
ethods,

i.e.
grab

sam
ples

(ponar)
and

artificial
substrate

sam
ples

(H
ester-D

endy),
show

that
richness

m
easures

(total
richness,E

PT
richness,

and
diptera

richness)
are

higher
in

the
H

ester-D
endy

sam
ples.

In
contrast,

E
PT

taxa
w

ere
nearly

absent
from

the
ponar

collections
w

ith
E

PT
richness

values
of

zero
for

m
ostponar

sam
ples

show
ing

that
the

tw
o

sam
pling

m
ethods

collected
different

organism
s

and
in

different
quantities.

T
he

lack
of

E
PT

taxa
in

ponar
sam

ples
suggests

that
lack

of
suitable

substrate
is

a
physical

habitat
lim

itation
for

benthic
invertebrates.

T
he

presence
of

intolerantbenthic
E

PT
taxa

in
H

ester-D
endy

sam
ples

and
the

absence
of

E
PT

taxa
in

P
onar

sam
ples

suggest
sedim

ent
toxicity

to
m

ayfly,
stonefly,

and
caddisfly

larvae.

A
n

analysis
of

m
acroinvertebrate

m
etrics

appropriate
for

evaluation
w

ithin
the

C
A

W
S

w
as

conducted.
T

his
analysis

included
a

correlation
analysis

of
m

acroinvertebrate
m

etrics
w

ith
sedim

ent
contam

ination.
Five

m
etrics

w
ere

identified
based

on
their

sensitivity
to

contam
inated

sedim
ents.

T
hese

are
taxa

richness,
percent

D
iptera,

percent
O

ligochaetes,
percent

shredders
and

function
feeding

group
diversity.

T
he

C
A

W
S

contains
legacy

contam
inants

that
likely

influence
the

m
etrics.

T
he

H
ester-D

endy
technique

is
sam

pling
a

population
that

is
less

exposed
to

environm
ental

stress
than

the
ponar

sam
pling

technique,
w

hich
sam

ples
invertebrate

com
m

unities
in

direct
contact

w
ith

sedim
ents.

T
he

com
m

unity
differences

w
ere

identified
by

a
com

parative
analysis

of
the

tw
o

sam
pling

m
ethods,

w
hich

varied
by

m
etric

and
m

onitoring
station.

For
exam

ple,
ponar

sam
pling

resulted
in

low
er

species
richness

dom
inated

by
pollution

tolerant
individuals

(oligocheates).

A
dditionally,

an
analysis

of
the

m
acroinvertebrate

dataset
of

the
percent

of
head

capsule
deform

ities
of

larvae
of

the
C

hironom
idae

fam
ily

(m
idges)

w
as

conducted
w

ithin
the

Study
A

rea
for

the
200

1-2007
period.

D
eform

ities
in

m
idge

larvae
head

capsules
have

been
frequently

observed
in

contam
inated

sedim
ents.

D
eform

ity
is

generally
considered

to
be

a
sublethal,

teratogenic
response

to
contam

ination.
In

an
analysis

of
variance

test,
w

e
concluded

that
there

is
no

significant
difference

betw
een

m
ean

rates
of

head
capsule

deform
ities

for
those

collected
on

H
ester-D

endy
sam

plers
and

those
collected

in
ponar

dredge
sam

ples
(F=2.89,

p=O
.O

91
1).

T
he

strengths
of

correlation
w

ere
significant

(p<O
.O

5)
in

the
H

ester-D
endy

sam
ples

for
am

m
onia-N
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(r=
-O

.399),
iron

(r=O
.361),

and
D

D
x

(D
D

T
+

D
D

E
+

D
D

D
)

(r=-O
.396).

S
pearm

an
correlation

coefficients
w

ere
significant

for
the

ponar
sam

ples
for

m
ercury

(r=
O

.659),
cadm

ium
(r=O

.339),
copper

(r=O
.439),

sim
ultaneously

extracted
m

etals
(S

E
M

)
(r=

O
.455),

S
E

M
-acid

volatile
sulfides

(r=
O

.454),
total

PC
B

(r=O
.316)

and
sem

i
volatile

organic
com

pounds
(r=O

.323).
N

o
contam

inants
displayed

strong
correlations

for
both

collection
m

ethods.
T

his
m

ay
reflect

differences
in

exposure
routes

or
pathw

ays
for

m
acroinvertebrates

in
ponar

sam
ples

and
H

ester-D
endy

sam
ples.
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6.
H

A
B

ITA
T

D
A

TA
A

N
A

L
Y

SIS

A
s

discussed
in

Section
2.5,

the
process

used
to

analyze
habitat

data
in

the
C

A
W

S
and

to
develop

a
C

A
W

S-specific
habitat

index
w

as
based

on
the

process
used

to
develop

a
non-w

adeable
habitat

index
(N

W
H

I)
for

M
ichigan

(W
ilhelm

et
al.,

2005).
T

he
process

involves
three

m
ajor

elem
ents:

1.
Sequential

reduction
of

the
list

of
habitat

variables
using

qualitative
screening,

correlation
analysis,

and
principle

com
ponents

analysis;

2.
Identification

of
the

key
habitat

variables
thatbest

explain
fish

data
using

m
ultiple

linear
regression;

and.

3.
Incorporation

of
the

key
habitat

variables
into

an
index

that
can

be
applied

to
m

easure
variation

and
change

in
the

system
.

T
his

section
describes

the
processing

and
analysis

of
habitat

data
for

these
purposes.

6.1
ID

E
N

T
IFIC

A
T

IO
N

A
N

D
S

C
R

E
E

N
IN

G
O

F
H

A
B

IT
A

T
V

A
R

IA
B

L
E

S

B
ased

on
review

of
the

W
ilhelm

paper
(W

ilhelm
et

al.,
2005);

other
relevant

technical
literature

(A
rlinghaus

et
al.,

2002;
W

olter
and

A
rlinghaus,

2003;
Short

et
al.,

2005;
T

ate
et

al.,
2005),

data
collected

by
the

D
istrict

as
part

of
the

am
bientw

ater
quality

m
onitoring

program
,

and
firsthand

observations
of

conditions
in

the
C

A
W

S,
a

list
of

242
habitat

variables
w

as
com

piled
as

a
starting

point.
T

he
starting

list
of

241
habitat

variables
is

presented
in

A
ppendix

E
and

is
organized

into
five

categories:
geom

orphology
and

hydrology;
sedim

ent
and

substrate;
in-stream

and
riparian

cover;
bank

and
riparian

condition;
and

anthropogenic
factors.

B
ecause

the
ultim

ate
objective

w
as

to
use

m
ultiple

linear
regression

to
analyze

the
C

A
W

S
habitat

data
w

ith
C

A
W

S
fish

data,
itw

as
necessary

to
reduce

the
num

ber
of

habitat
variables

substantially.
U

sing
the

D
istrict

data
from

2001
through

2007,
there

w
ere

81
paired

sets
of

habitat
and

fish
data.

M
ultivariate

statistical
analyses

require
that

the
ratio

of
variables

to
data

be
as

low
as

possible.
Ithas

been
suggested

that,
for

analysis
of

ecological
data,

the
variable-to-data

ratio
be

0.1,
but

m
ay

be
as

high
as

0.5
(Sm

ogor
and

A
ngerm

eier,
1999).

T
his

rule
of

thum
b

suggests
that

the
num

ber
of

habitat
variables

in
this

Study
should

be
reduced

to
som

ew
here

betw
een

8
and

40,
preferably

closer
to

the
low

end
of

this
range

to
yield

a
ratio

close
to

0.1.
T

he
stepw

ise
process

used
to

reduce
the

list
of

habitat
variables

to
a

suitable
num

ber
for

m
ultiple

linear
regression

is
described

in
Figure

6-1
and

described
in

detail
in

A
ppendix

D
.
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E
i
a
i

S
et

of
H

abitat
V

ariables
(
2

4

Lr
R

em
ove

inapplicable
variables

(241
reduced

to
66)

E
lim

inate
highly

correlated
variables

in
each

category
(66

reduced
to

44)

1.
C

om
bine

sim
ilar

variables
(44

reduced
to

39)

4.
U

se
principal

com
ponents

analysis
to

identify
variables

w
ith

highest
variance

(39
reduced

to
23)

E
lim

inate
highly

correlated
variables

acro
ss

categories
(23

reduced
to

16)

Final
16

V
ariables

for
R

egression
w

ith
F

ish
D

ata

F
igure

6-1:
P

rocess
U

sed
to

R
educe

the
S

et
of

H
ab

itat
V

ariables
for

A
nalysis

w
ith

F
ish

D
ata.
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T
his

process
outlined

in
Figure

6-1
w

as
effective

in
reducing

the
setof

habitat
variables

to
16,

w
hich

represented
a

variable-to-data
ratio

of
about

0.2.

T
able

6-1:
F

inal
S

et
of

H
abitat

V
ariables

for
R

egression
w

ith
F

ish
D

ata.

V
ariable

C
ategory

H
abitat

V
ariable

G
eom

orphology
&

H
ydrology

F
lashiness

index

W
etted

perim
eter

of
channel

M
axim

um
depth

in
reach

N
um

ber
of

off-channel
bays

B
ank

“pocket”
areas

S
edim

ent
&

S
ubstrate

%
G

ravel,
cobbles,

boulders,
shallow

%
G

ravel,
cobbles,

boulders,
deep

%
P

lant
debris

on
bed

%
O

rganic
sludge

In-S
tream

C
over

A
verage

m
acrophyte

cover

In-stream
cover

present

S
ecchi

depth

B
ank

&
R

iparian
C

ondition
D

om
inant

riparian
land

use

%
V

ertical
w

alled
banks

in
reach

%
R

iprap
banks

in
reach

A
nthropogenic

Im
pacts

M
anm

ade
structures

T
hese

16
variables

w
ere

carried
forw

ard
for

com
parison

to
fish

data,
described

below
.

6.2
A

N
A

L
Y

SIS
O

F
T

H
E

R
E

L
A

T
IO

N
S

H
IP

B
E

T
W

E
E

N
FISH

A
N

D
PH

Y
SIC

A
L

H
A

B
IT

A
T

IN
T

H
E

C
A

W
S

T
he

process
described

in
Section

6.1
and

A
ppendix

D
effectively

reduced
241

potential
habitat

variables
to

a
m

uch
sm

aller
set

of
16,

thatrepresented
the

habitat
variables

w
ith

the
least

inter-variable
correlation

and
w

hich
explained

m
ost

of
the

variance
in

the
habitat

data
set.

T
he

next
task

in
this

analysis
w

as
to

analyze
the

relationship
of

these
variables

to
fish

in
the

C
A

W
S.

T
here

w
ere

several
objectives

for
this,

including
the

follow
ing:

•
D

eterm
ine

w
hich

physical
habitat

variables
are

the
m

ost
significant

to
fish

in
the

C
A

W
S.

•
D

eterm
ine

how
m

uch
of

the
variability

in
the

C
A

W
S

fish
data

can
be

explained
by

physical
habitat.

•
C

om
pare

the
relative

im
portance

of
physical

habitatto
fish

in
the

C
A

W
S,

w
ith

that
of

w
ater

quality.
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Statistical
analysis

of
the

fish
and

habitat
data

from
the

C
A

W
S

w
as

used
to

attain
these

objectives.
Specifically,

m
ultiple

linear
regression

w
as

used
to

com
pare

habitat
variables

to
paired

fish
data

to
determ

ine
w

hich
of

the
16

habitat
variables

best
explain

variability
in

fish
data

in
the

C
A

W
S.

T
he

m
ethodology

and
results

of
this

analysis
are

described
below

.

6.2.1
M

eth
o

d
o

lo
g

y

V
arious

m
ethods

can
be

used
for

com
paring

fish
data

and
habitat

data
from

a
single

system
to

address
the

objectives
listed

above.
R

eview
of

the
professional

literature
related

to
assessm

ent
of

aquatic
habitat

show
s

a
range

of
dependent

variables
and

m
athem

atical
m

ethods
have

been
used

and
published

in
the

peer-review
ed

literature.
N

o
com

m
only

accepted
standards

have
been

developed
for

this
type

of
analysis,

so
selection

of
the

m
ethodology

m
ustrely

to
a

large
extent

on
professionaljudgm

ent.
In

this
study,

the
m

ethods
selected

w
ere

based
on

the
needs

of
the

study,
review

of
m

ethods
used

by
other

investigators
in

sim
ilar

studies,
and

on
understanding

of
the

unique
aspects

of
the

C
A

W
S.

M
ore

details
on

the
m

ethodology
used

are
presented

below
.

6.2.L
a

R
ep

resen
tatio

n
o
f

F
ish

D
ata

in
th

e
A

n
aly

sis
o
f

H
ab

itat
D

ata

A
s

discussed
in

Section
2.5,

fish
w

ere
selected

as
the

indicator
biota

for
com

parison
to

physical
habitat

data
in

this
Study.

T
w

elve
key

fish
m

etrics
w

ere
identified

(A
ppendix

A
)

using
C

A
W

S
fish

data
collected

by
the

D
istrictbetw

een
2001

and
2007

(T
able

6-2).
For

purposes
of

com
paring

these
fish

m
etrics

to
habitat

data,
it

w
as

necessary
to

com
bine

the
m

etrics
into

a
single

value.
A

fish
index

of
biological

integrity
(IB

I)
w

as
not

available
that

incorporated
the

selected
m

etrics,
although

the
process

used
to

select
the

fish
m

etrics
w

as
exactly

the
sam

e
process

used
in

m
any

fish
IB

I
studies.

Statistical
com

parison
of

habitat
variables

w
ith

each
of

the
tw

elve
fish

m
etrics

w
ould

have
been

cum
bersom

e
and

m
ight

not
have

yielded
conclusive

results
regarding

w
hich

habitat
variables

w
ere

m
ost

im
portant

to
understanding

fish
data

in
the

C
A

W
S.

So,
as

a
starting

point,
the

fish
m

etrics
w

ere
divided

into
the

five
ecological

function
categories

and
com

pared
to

habitat
variables

using
m

ultiple
linear

regression.
E

ach
of

the
fish

m
etrics

w
as

first
transform

ed
to

a
norm

al
distribution,

if
necessary,

and
standardized

to
give

each
m

etric
equal

w
eight.

T
hen

the
m

etrics
w

ithin
each

functional
category

w
ere

sim
ply

sum
m

ed.
M

etrics
that

reflected
positive

conditions
w

ere
assigned

a
positive

value
and

m
etrics

that
reflected

a
negative

condition
w

ere
assigned

a
negative

value.
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T
able

6-2:
S

elected
C

A
W

S
F

ish
M

etrics.

F
ish

M
etric

E
cological

F
unction

C
ategory

%
D

iseased
or

w
ith

eroded
fins,

lesions,
or

tum
ors

A
bundance

and
condition

m
etric

(A
C

M
)

catch
per

unit
effort

A
bundance

and
condition

m
etric

(A
C

M
)

%
lithophilic

spaw
ners

by
count

R
eproductive

function
m

etric
(R

FM
)

%
insectivores

by
count

T
rophic

function
m

etric
(TFM

)

%
top

carnivores
by

w
eight

T
rophic

function
m

etric
(TFM

)

proportion
of

Illinois
tolerant

species
Indicator

species
m

etric
(ISM

)

IL
ratio

of
non

tolerant
coarse-substrate

spaw
ners

R
eproductive

function
m

etric
(R

FM
)

num
ber

of
IL

native
m

innow
species

S
pecies

richness
and

com
position

m
etric

(SR
C

)

num
ber

of
IL

native
sunfish

species
S

pecies
richness

and
com

position
m

etric
(SR

C
)

IL
ratio

of
generalist

feeders
T

rophic
function

m
etric

(TFM
)

%
intolerant

sp
ecies

by
count

Indicator
species

m
etric

(ISM
)

%
m

oderately
intolerant

species
by

w
eight

Indicator
species

m
etric

(ISM
)

T
his

process
show

ed
that,

w
hen

grouped
by

function,
the

A
C

M
m

etrics
(catch

per
unit

effort
and

percent
diseased

or
w

ith
eroded

fins,
lesions,

or
tum

ors)
had

relatively
w

eak
correlation

w
ith

habitat.
T

he
other

four
functional

categories
w

ere
approxim

ately
equal

in
their

relationship
to

habitat.
B

ased
on

these
observations,

a
com

bined
fish

m
etric

w
as

calculated
by

sum
m

ing
the

reproductive
function,

trophic
function,

indicator
species,

and
species

richness
and

condition
m

etrics.
B

ecause
a

system
-specific

index
of

biotic
integrity

(IB
I)

for
fish

does
not

exist
for

the
C

A
W

S
and

other
IB

Is
are

not
appropriate

for
the

C
A

W
S

(see
A

ppendix
A

)
this

com
bined

fish
m

etric
w

as
used

in
subsequent

analyses
w

ith
habitat

data.

6.2.1.b
D

eterm
in

atio
n

o
f

H
ab

itat
V

ariables
fo

r
S

tu
d

y
P

erio
d

Itw
ould

notbe
feasible

to
conduct

this
Study

at present
w

ithout
relying

on
the

data
collected

by
the

D
istrict

in
the

past,
as

these
data

provide
valuable

m
easures

of
C

A
W

S
fisheries

over
m

any
years.

H
ow

ever,
only

a
relatively

lim
ited

set
of

physical
habitat

data
w

ere
m

easured
concurrent

w
ith

the
D

istrict’s
fish

sam
pling

events
from

2001
through

2007.
T

herefore,
to

use
the

D
istrict’s

fish
data

in
this

Study,
it

w
as

necessary
to

m
ake

som
e

assum
ptions

regarding
physical

habitat
during

that
tim

e
period,

as
described

below
.

A
ll

hydrologic
variables

w
ere

assum
ed

constant
from

year
to

year,
using

m
odel

predictions
the

D
U

F
L

O
W

m
odel

developed
by

M
arquette

U
niversity.

G
iven

the
highly

regulated
hydrology

of
the

system
and

the
fact

that
m

ost
of

the
flow

entering
the

C
A

W
S

is
from

w
astew

ater
treatm

ent
plants,

itis
unlikely

that
significant

variations
in

average
or

extrem
e

hydrologic
variables

occurs
from

year
to

year.
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•
B

ank
and

riparian
conditions

w
ere

assum
ed

to
be

the
sam

e
as

observed
in

2008,
unless

otherw
ise

noted
in

the
D

istrict’s
physical

habitat
observations.

G
iven

the
urban,

constructed
nature

of
the

C
A

W
S

,
this

is
likely

a
safe

assum
ption.

N
o

m
ajor

changes
in

these
conditions

w
ere

noted
in

consultation
w

ith
D

istrict
personnel

involved
in

routine
m

onitoring
in

the
C

A
W

S
.

•
N

o
quantitative

m
easurem

ents
of

m
acrophyte

grow
th

w
ere

available
from

2001
—

2007.
Q

uantitative
m

easurem
ents

of
littoral

m
acrophyte

coverage
w

ere
m

ade
in

2008
as

part
of

this
S

tudy,
though,

and
the

presence
of

aquatic
m

acrophytes
w

as
noted

on
the

historical
habitat

assessm
ent

form
s

com
pleted

by
the

D
istrict

from
2002-2007.

L
acking

historical
data,

but
recognizing

the
probable

im
portance

of
m

acrophyte
cover,

the
decision

w
as

m
ade

to
retroactively

apply
2008

m
acrophyte

m
easurem

ents
to

the
period

of
2001

—

2007.
W

hile
this

is
likely

not
an

accurate
representation

of
historical

conditions,
it

is
better

than
disregarding

m
acrophytes

altogether.
F

urtherm
ore,

review
of

the
historical

habitat
assessm

ent
form

s
generally

corroborated
the

2008
data.

In
this

S
tudy,

the
assum

ptions
regarding

the
sim

ilarity
of

physical
habitat

condition
betw

een
2008

and
the

preceding
seven

years
are

believed
to

be
reasonable,

given
the

relatively
unchanging

nature
of

conditions
w

ithin
the

C
A

W
S

and
the

nature
of

the
subject

variables.
T

he
percentage

of
vertical

w
alled

banks
at

a
sam

pling
station,

for
exam

ple,
w

as
likely

about
the

sam
e

in
2008

as
it

w
as

in
2001.

A
lthough

m
inor

changes
cannot

be
ruled

out,
they

are
likely

not
significant

com
pared

to
the

variability
in

fish
data

at
these

stations
from

year
to

year,
w

hich
can

be
quite

large.

O
ne

variable
that

is
less

reliably
estim

ated
in

this
retroactive

m
anner

is
S

ecchi
depth,

w
hich

w
as

not
m

easured
during

2001
—

2007,
but

w
as

m
easured

in
2008

for
this

study.
H

istorical
turbidity

data
collected

by
the

D
istrict

show
s

that
w

ater
clarity

can
vary

over
tim

e
in

the
system

,
so

assum
ing

that
2008

S
ecchi

m
easurem

ents
accurately

reflect
conditions

at
a

location
in

preceding
years

is
probably

not
accurate.

A
s

an
alternative,

2008
S

ecchi
data

w
ere

com
pared

to
turbidity

m
easurem

ents
from

the
C

A
W

S
to

assess
w

hether
historical

S
ecchi

could
be

estim
ated

using
turbidity

(F
igure

6-2).

L
im

noT
ech

Page
108

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Evaluation

R
eport

January
4,2010

3

R
O

7
9

3

T
u

rb
d

t,
N

flJ

F
igure

6-2:
C

om
parison

of
2008

S
ecchi

M
easurem

ents
w

ith
2008

T
urbidity

M
easurem

ents.

T
he

regression
of

the
2008

Secchi
w

ith
the

2008
turbidity

yields
an

r-squared
value

of
nearly

0.8,
w

hich
indicates

a
relatively

strong
relationship

betw
een

the
tw

o
m

easurem
ents.

H
ow

ever,
there

is
still

as
m

uch
as

a
0.5

m
variance

betw
een

actual
and

predicted
Secchi

using
the

regression
relationship,

w
hich

could
result

in
a

prediction
error

of
approxim

ately
50%

for
areas

w
here

Secchi
is

on
the

order
of

1
m

eter
depth,

w
hich

is
com

m
on

in
the

C
A

W
S.

In
addition,

Secchi
is

typically
used

in
habitat

studies
as

an
indicator

of
lightpenetration,

related
to

the
grow

th
of

aquatic
m

acrophytes
that

create
fish

habitat
and

provide
food.

In
this

Study,
a

m
etric

reflecting
m

acrophyte
grow

th
w

as
already

included,
so

Secchi
w

as,
in

this
sense,

redundant.
F

or
these

reasons,
Secchi

w
as

elim
inated

from
the

analysis,
w

hich
resulted

in
15

habitat
variables

for
the

regression
analysis.

6.2.1.c
D

escrip
tio

n
o
f

M
ultiple

L
in

ear
R

eg
ressio

n
M

eth
o

d
U

sed

For
this

analysis,
m

ultiple
linear

regression
(M

L
R

)
w

as
chosen

as
the

statistical
m

ethod
for

com
paring

habitat
variables

w
ith

fish
data,

for
a

num
ber

of
reasons.

First,
M

L
R

is
a

m
athem

atically
rigorous

m
ethod

that
has

been
used

in
several

habitat
studies

published
in

professional
literature

and
for

developm
entofhabitat

indices.
Second,

M
L

R
w

as
used

in
the

developm
ent of

the
M

ichigan
N

on-W
adeable

H
abitat

Index,
w

hich
w

as
the

m
odel

approach
for

this
study

as
discussed

in
Section

2.5
of

this
report.

T
hird,

M
L

R
provides

a
param

etric
m

easure
of

goodness-of-fit
(i.e., r-squared

value)
that

allow
s

relatively
straightforw

ard
com

parison
of

data
m

odels
to

each
other

and
thatprovide

a
quantitative

m
easure

of
the

degree
to

w
hich

the
independent

variable
data

(i.e.,
habitat

or
w

ater
quality)

describe
the

variation
in

the
dependent

variable
data

(i.e.,
fish

data).
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Several
M

L
R

m
ethods

exist
to

choose
from

.
T

he
m

ost
com

m
only

used
m

ethods
are

standard
stepw

ise,
forw

ard
selection

stepw
ise, backw

ard
elim

ination
stepw

ise,
and

best
subsets.

E
ach

of
the

three
stepw

ise
m

ethods
involves

starting
w

ith
an

initial
set

of
variables

in
the

regression
m

odel
and

then
adding

or
rem

oving
variables

according
to

a
set

of
rules

until
som

e
subsequent

steps
do

not
im

prove
the

fit
of

the
m

odel
to

the
data.

T
he

best
subsets

m
ethod

calculates
all

possible
regression

m
odels

using
all

possible
num

bers
of

variables.
Instead

of
producing

a
single

regression
m

odel,
the

best
subsets

m
ethod

produces
several

to
choose

from
.

Stepw
ise

regression
m

ethods
have

been
criticized

because
they

do
not

allow
the

application
of

specialized
know

ledge
about the

data
or

the
system

being
studied

to
inform

the
selection

of
the

regression
m

odel.
For

this
reason,

the
best

subsets
m

ethod
w

as
selected

for
this

study.
A

s
w

ill
be

show
n

in
subsequent

sections
of

this
report,

this
m

ethod
produced

several
possible

regression
m

odels
that

allow
ed

the
opportunity

for
com

parison
betw

een
m

odels
and

the
application

ofjudgm
entregarding

m
odel

selection.

6.3
SY

ST
E

M
-W

ID
E

C
O

M
P

A
R

IS
O

N
O

F
H

A
B

IT
A

T
W

IT
H

FISH

T
he

final
selected

set
of

habitat
variables

w
ere

com
pared

to
the

C
A

W
S

fish
data

from
2001

through
2007

(using
the

“com
bined

fish
m

etric”
described

in
Section

6.2.1
.a)

using
m

ultiple
linear

regression
(M

L
R

).
A

s
discussed

above,
this

m
ethod

w
as

selected
because

it
identified

the
habitat

variables
that

statistically
best

explain
the

fish
data,

assigns
relative

w
eights

to
those

variables
to

inform
their

relative
im

portance,
and

produces
a

quantitative
m

etric
(the

r-squared
value)

that
can

then
be

com
pared

to
the

relative
im

portance
of

other
variables,

such
as

w
ater

quality.

6.3.1
In

terp
retatio

n
of

B
est

S
u
b
sets

M
ultiple

L
inear

R
eg

ressio
n

R
esu

lts

T
he

best
subsets

M
L

R
m

ethod
calculates

regressions
of

all
perm

utations
of

the
independent

variables
(habitat)

w
ith

the
dependent

variable
(fish)

and
produces

m
ultiple

regression
m

odels
for

inspection.
T

he
m

ethod
does

this
by

calculating
a

specified
num

ber
of

regression
m

odels
using

various
num

bers
of

variables
from

one
up

to
the

total
num

ber
of

variables.
T

he
M

iniT
ab

statistical
softw

are
package

w
as

used
to

conduct
the

M
L

R
analysis

and
it allow

s
specification

of
the

num
ber

of
regression

m
odels

produced
in

each
variable

set.
For

this
study,

the
top

three
regression

m
odels

w
ere

produced
for

each
variable

set.
In

other
w

ords,
starting

w
ith

a
total

of
15

variables,
the

analysis
produced

the
top

three
regression

m
odels

w
ith

one
habitat

variable,
the

top
three

regression
m

odels
w

ith
tw

o
variables,

and
so

on,
up

to
15

variables.

W
ith

m
ultiple

regression
m

odels
calculated

for
each

analysis,
som

e
m

eans
of

discrim
inating

betw
een

the
regression

m
odels

and
for

selecting
a

preferred
m

odel
is

needed.
T

here
are

several
factors

that
w

ere
considered

in
this

study,
w

hen
inspecting

the
M

L
R

results:
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•
N

um
ber

of
variables

—
B

ecause
the

best
subsets

M
L

R
produced

regression
m

odels
w

ith
as

few
as

one
variable,

and
as

m
any

as
15,

there
w

as
w

ide
latitude

in
selecting

regression
m

odels
w

ith
a

range
of

variable
num

bers.
A

lthough
in

som
e

analyses
the

m
odel

w
ith

the
few

est
variables,

all
other

things
being

equal,
m

ight
be

preferred,
that

w
as

not
the

case
here.

T
he

review
of

the
regression

m
odels

took
into

accountthe
objectives

of
the

study,
specifically

the
need

to
support

developm
ent

of
a

descriptive
index

for
physical

habitat.
In

that
sense,

it
can

be
argued

that
a

greater
num

ber
of

variables
is

preferable
to

a
few

er
num

ber
of

variables.

•
Sign

of
the

variables
—

E
ach

variable
that

appears
in

a
regression

m
odel

has
a

positive
or

negative
value.

A
positive

value
indicates

that
the

habitat
variable

is
positively

correlated
w

ith
the

fish
data

and
a

negative
sign

indicates
the

opposite.
In

som
e

cases,
it

w
as

observed
that

variables
intended

to
represent

a
positive

habitat
condition

w
ere

assigned
a

negative
sign

in
a

particular
regression

m
odel

or
vice

versa.
D

ue
to

the
highly

m
odified

nature
of

the
C

A
W

S,
this

m
ay

have
occurred

in
this

study
m

ore
than

w
ould

occur
in

a
study

of
natural

system
s.

In
any

case,
itm

ay
be

counterproductive
to

use
a

regression
that

includes
these

variables.
T

his
is

discussed
in

Section
6.3.2

below
.

•
R

-squared
and

adjusted
r-squared

values
—

T
he

r-squared
value

for
each

regression
m

odel
w

as
calculated

and
an

“adjusted”
r-squared

w
as

also
calculated

for
each.

T
he

adjusted
r-squared

value
accounts

for
the

degrees
of

freedom
in

the
regression.

In
other

w
ords,

the
raw

r-squared
value

of
the

regression
m

ay
be

increased
by

adding
m

ore
variables

(degrees
of

freedom
)

but
the

statistical
certainty

of
the

calculated
data

relationship
m

ay
be

dim
inished.

T
he

adjusted
r-squared

value
accounts

for
this

and
is,

therefore,
a

truer
m

easure
of

the
regression

m
odel’s

descriptive
ability.

In
com

paring
regression

m
odels,

a
higher

adjusted
r-squared

w
as

preferred.

•
M

allow
’s

C
-p

value
—

M
allow

’s
C

-p
is

a
com

m
only

used
param

eter
in

M
L

R
analysis

because
itrepresents

a
m

easure
of

both
the

variance
of

the
regression

and
the

b
ia

s
7.

A
s

m
ore

variables
are

added
to

the
regression,

C
-p

typically
increases.

A
lthough

a
com

m
on

interpretation
of

M
L

R
results

is
to

selectthe
regression

m
odel

w
ith

the
low

est
C

-p
(m

eaning
the

regression
w

ith
the

low
est

total
discrepancy

(variance
plus

bias),
such

a
m

odel
m

ight
not

be
the

best
fit

to
the

data.
A

higher
C

-p
value

m
eans

a
regression

m
odel

w
ith

m
ore

discrepancies
but,

possibly,
a

better
fit

to
the

data.
In

general,
a

value
of

C
-p

that
is

equal
to,

or
less

than,
the

num
ber

of
variables

in
the

regression
has

the
m

inim
um

bias.
In

com
paring

regression
m

odels
in

this
study,

a
M

allow
’s

C
-p

value
less

than
the

num
ber

of
variables

in
the

regression
w

as
preferred.

In
regression

analysis,
bias

refers
to

the
system

atic
overestim

ation
or

underestim
ation

of
the

dependent
variable

by
the

regression
m

odel.
T

his
is

different
from

variance,
w

hich
is

the
natural

variability
or

“scatter”
of

the
variable.
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•
V

ariable
confidence

—
For

each
variable

included
in

each
regression

m
odel,

a
statistical

confidence
level

(p-value)
w

as
calculated.

T
his

value
reflects

the
level

of
uncertainty

in
each

variable
and

a
90%

confidence
level

w
as

preferred
(p<O

.10).
T

rade-offs
betw

een
statistical

certainty
and

regression
fit w

ere
observed.

A
dding

m
ore

variables
m

ight,
in

som
e

cases,
have

increased
the

adjusted
r-squared

of
the

regression,
but

itm
ight

have
dim

inished
the

statistical
certainty

of
certain

variables.
T

he
variable

p-values
w

ere
the

last
item

to
be

exam
ined

and
although

the
inclusion

of
variables

w
ith

p-values
greater

than
0.1

did
not

autom
atically

elim
inate

the
regression

from
consideration,

this
factor

w
as

w
eighed.

A
ll

of
these

factors
w

ere
considered

w
hen

review
ing

the
M

L
R

results
in

this
study.

In
addition,

the
application

ofprofessionaljudgm
ent

and
consideration

of
the

objectives
of

the
study

w
ere

integral
to

the
process.

A
s

stated
in

D
raper

and
Sm

ith
(1981)

w
hen

discussing
selection

ofregression
m

odels,
“all

selection
procedures

are
essentially

m
ethods

for
the

orderly
displaying

and
review

ing
of

data.
A

pplied
w

ith
com

m
on

sense,
they

can
produce

useful
results;

applied
thoughtlessly,

and/or
m

echanistically,
they

m
ay

be
useless

or
even

m
isleading.”

6.3.2
D

isco
v
ery

of
C

o
u
n
terin

tu
itiv

e
V

ariable
R

esu
lts

T
he

initial
M

L
R

w
as

conducted
using

available
paired

(concurrent
and

collocated)
m

easurem
ents

of
fish

and
habitat.

In
all,

81
paired

fish/habitat
“events”

w
ere

used
in

this
analysis.

Initial
M

L
R

analyses
presented

som
e

counterintuitive
results

for
certain

variables,
described

below
:

•
F

lashiness
appeared

as
a

positively
correlated

variable
w

ith
fish,

w
hen

it
generally

is
believed

to
be

a
negative

condition
reflecting

w
atershed

urbanization
and

increased
im

perviousness.
It

w
as

concluded,
given

the
highly

regulated
hydrology

of
the

C
A

W
S,

that
flashiness

is
not

a
truly

m
eaningful

habitat
variable

in
the

C
A

W
S

and
that

it’s
positive

relationship
to

fish
is

an
artifact

of
the

data.

•
T

he
percent

large
substrate

(gravel,
cobbles,

and
boulders)

in
deep

w
ater

appeared
as

both
a

negatively
and

positively
correlated

variable
w

ith
fish,

depending
on

w
hich

other
habitat

variable
w

ere
used

in
a

particular
regression.

T
his

suggested
a

degree
of

instability
and

unreliability
in

the
data

for
this

variable.

•
S

im
ilar

to
the

percent
large

substrate
in

deep
w

ater,
the

variable
representing

the
percentage

of
plant

debris
on

the
channel

bottom
appeared

as
both

a
positive

and
a

negative
variable

in
the

different
regressions.

A
gain,

this
suggested

a
degree

of
instability

and
unreliability

in
the

data
for

this
variable.
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B
ased

on
these

observations,
these

three
variables

w
ere

elim
inated

from
the

regression
analysis,

so
the

final
regressions

betw
een

habitat
variables

and
fish

data
w

ere
conducted

using
12

habitat
variables

(T
able

6-3).

T
able

6-3:
F

inal
H

ab
itat

V
ariables

U
sed

in
M

ultiple
L

inear
R

egression
w

ith
F

ish
D

ata

V
ariable

C
ategory

H
abitat

V
ariable

G
eom

orphology
&

H
ydrology

W
etted

perim
eter

of
channel

M
axim

um
depth

in
reach

N
um

ber
of

off-channel
bays

B
ank

“pocket”
areas

S
edim

ent
&

S
ubstrate

%
G

ravel,
cobbles,

boulders,
shallow

%
O

rganic
sludge

In-S
tream

C
over

A
verage

m
acrophyte

cover

In-stream
cover

(present
or

absent)

B
ank

&
R

iparian
C

ondition
D

om
inant

riparian
land

use

%
vertical

w
alled

banks
in

reach

%
R

iprap
banks

in
reach

A
nthropogenic

Im
pacts

M
anm

ade
structures

6.3.3
S

y
stem

-W
id

e
M

L
R

R
esu

lts

T
he

M
L

R
betw

een
the

habitat
variables

and
the

com
bined

fish
m

etric
w

as
firstrun

using
the

2008
Secchi

data,
retroactively

applied
ateach

station
for

the
2001

—
2007

events.
U

sing
the

best
subsets

m
ethod,

the
top

three
regression

m
odels

for
each

possible
num

ber
of

variables
w

ere
identified.

T
able

6-4
show

s
the

results
of

this
analysis.

T
he

habitat
variables

are
listed

across
the

top
of

the
table

and
each

row
represents

a
different

regression
equation.

T
he

variables
included

in
each

regression
are

indicated
by

an
“X

”
in

the
colum

n
for

that
variable.

T
he

second
and

third
colum

ns
present

the
r-squared

and
adjusted

r-squared
values

for
each

regression.
T

he
r-squared

is
the

basic
“goodness

of
fit”

m
easure,

w
hich

indicates
how

m
uch

of
the

data
variability

is
explained

by
the

regression.
A

n
r-squared

of
0.4

indicates
that

40%
of

the
data

variability
is

explained
by

the
regression

equation.
In

general,
the

r-squared
value

w
ill

continue
to

increase
as

m
ore

variables
are

added,
but

there
is

a
point

beyond
w

hich
the

statistical
reliability

of
the

regression
begins

to
dim

inish.
T

o
account

for
this,

the
adjusted

r-squared
is

calculated,
w

hich
takes

into
account

the
statistical

reliability
as

a
function

of
the

num
ber

of
variables,

w
hich

is
w

hy
the

adjusted
r-squared

begins
to

decrease
after

a
certain

num
ber

of
variables

is
reached.
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A
s

show
n

in
T

able
6-4,

the
regression

m
odels

have
adjusted

r-squared
values

ranging
from

0.14
to

0.44.
T

he
regression

m
odels

w
ith

four
variables

or
few

er
have

low
er

adjusted
r-squared

values
and

C
-p

values
that

are
greater

than
the

num
ber

of
variables,

indicating
relatively

high
bias

(system
atic

overestim
ation

or
underestim

ation
of

the
data),

so
these

w
ere

not
considered

further.
T

he
m

axim
um

adjusted
r-squared

value
of

0.44
w

as
achieved

w
ith

regression
m

odels
having

six
or

m
ore

variables.
Increasing

the
num

ber
of

variables
beyond

six
did

not
increase

the
adjusted

r-squared
value,

butincreased
the

C
-p

values
and

also
resulted

in
som

e
significantly

increased
P-values

(not
presented

in
the

table),
suggesting

there
w

as
little

benefit
to

using
a

regression
m

odel
w

ith
m

ore
than

six
variables.

T
he

tw
o

6-variable
regression

m
odels

having
adjusted

r-squared
values

of
0.44

contained
five

variables
in

com
m

on.
O

ne
regression

m
odel

included
channel

w
etted

perim
eter

as
the

sixth
variable

and
the

other
included

off-channel
bays

as
the

sixth
variable.

W
ith

this
as

the
point

of
com

parison,
the

m
odel

including
off-channel

bays
w

as
selected

because
this

variable
w

as
m

ore
intuitively

understandable
in

term
s

of
its

habitatbenefit
than

channel
w

etted
perim

eter.

T
he

six-variable
regression

that
is

selected
from

this
process

included
the

follow
ing

habitat
variables:

•
M

axim
um

depth
of

channel
(p=O

.000)

•
O

ff-channel
bays

(p=O
.197)

•
P

ercent
of

vertical
w

all
banks

in
reach

(p
=

0
.0

5
3
)

•
P

ercent
of

riprap
banks

in
reach

(p
=

0.001)

•
M

anm
ade

structures
in

reach
(p

=
0.019)

•
P

ercent
m

acrophyte
cover

in
reach

(p
=

0.086)

T
he

regression
calculated

using
these

variables
had

a
raw

r2
of

0.48
and

an
adjusted

r2
of

0.44.
T

his
result

indicated
that

the
six

variables
in

the
regression

account
for

48%
of

the
variability

in
the

fish
data

in
the

C
A

W
S.

T
he

equation
for

this
regression

w
as:

C
F

M
=

12.8
-

0.381
x

M
A

X
_D

E
P

+
1.03

x
ln(O

F
F

_C
H

_B
A

Y
+

1)
—

2.03
x

asin((B
N

K
_W

A
L

L
)°

5)
—

1.11
x

(ln(B
N

K
_R

IPR
A

P
+1))

—
6.06

x
ln(M

A
N

_M
A

D
E

_S
T

R
U

C
+

1
)

+
0.214

*
M

C
R

P
H

C
H

A
N

W
here:

C
F

M
=

C
om

bined
fish

m
etric

M
A

X
D

E
P

=
T

he
m

axim
um

channel
depth

in
reach
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O
F

F
_C

H
_B

A
Y

=
the

num
ber

of
areas

in
the

reach
that

function
as

off-channel
bays,

providing
refuge

for
fish

B
N

K
_W

A
L

L
=

the
percentage

of
bank,

by
length,

occupied
by

vertical
w

alls

B
N

K
_R

IP
R

A
P

=
the

percentage
of

riprap
banks

in
reach,

by
length

M
A

N
_M

A
D

E
_S

T
R

U
C

=
the

num
ber

of
m

anm
ade

structures
in

the
reach

M
C

R
P

H
_C

H
A

N
=

the
percentage

m
acrophyte

cover
in

the
reach.

E
ach

of
the

variables
in

this
regression

has
a

p-value
less

than
0.1,

w
hich

represents
90%

confidence,
except

off
channel

bays,
w

hich
has

a
p-value

of
0.197

(—
80%

confidence).
A

plot
depicting

this
regression

is
presented

in
Figure

6-3.

5
,

U-DE0U

_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_

_
_
_
_
_
_

_
_

_
_
_

_
_
_
_
_

_
_
_
_
_
_

_
_

_
_

_
_
_
_
_

_
_
_
_
_
_

_
_
_

U0

-15

-8
-6

-4
-2

0
2

4

C
o
m

b
in

ed
Fish

M
etric

C
alcu

lated
fro

m
R

egression
E

quation

6
8

10

F
igure

6-3:
P

lot
of

C
A

W
S

S
ix-V

ariable
H

ab
itat

R
egression

M
odel

w
ith

2001-
2007

F
ish

D
ata.

O
ne

of
the

underlying
assum

ptions
of

M
L

R
is

that
the

regression
residuals

(predicted
values

m
inus

observed
values)

follow
the

norm
al

distribution.
T

he
norm

al
probability

2015

100-5

-10

,

R2=
0
4
8

.

.
.

.
+
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plot
depicted

in
F

igure
6-4

show
s

that
the

residuals
are

norm
ally

distributed.
V

alues
in

a
norm

al
distribution

w
ill

fall
on

the
diagonal

line.

N
orm

al
P

ro
b
ab

ility
P

lot
of

th
e

R
esid

u
als

(response
is

C
om

bined
Fish

M
etric)

99.999

S

60
U

50
I;

40
Q

.
30

-
-

20105

0.1
I

I
I

I

-10
-5

0
5

10
R

esidual

F
igure

6-4:
N

orm
al

P
robability

P
lot

of
R

egression
R

esiduals
for

the
S

elected
Six-

V
ariable

C
A

W
S

H
abitat

R
egression

w
ith

F
ish

D
ata.

In
addition

to
the

assum
ption

of
norm

ality,
it

is
assum

ed
that

the
residuals

are
independent.

T
his

is
evaluated

using
a

scatter
plot

of
residuals

against
fitted

values,
as

depicted
in

F
igure

6-5.
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R
esid

u
als

V
ersu

s
th

e
F

itted
V

alu
es

(response
is

C
om

bined
Fish

M
etric)

10-
.

.
.

.

•
.

•
_

..:
.

.

.

.
•

•
•
•

•
e
•

.
0-

I
.

•

1
•
1

1

-5.0
-2.5

0.0
2.5

5.0
7.5

10.0
F

itted
V

alue

F
igure

6-5:
S

catter
P

lot
of

R
egression

R
esiduals

vs.
F

itted
V

alues
for

the
Six-

V
ariable

C
A

W
S

H
abitat

R
egression.

T
he

values
of

the
residuals

plotted
against

the
fitted

value
appear

to
be

random
ly

distributed,
suggesting

that
the

residuals
are

independent.
B

ased
on

these
analyses

of
the

regression
residuals,

the
seven-variable

C
A

W
S

habitat
regression

appears
to

uphold
the

underlying
assum

ptions
of

norm
ality

and
independence.

6.3.4
C

o
m

p
ariso

n
of

H
ab

itat
R

eg
ressio

n
s

to
2008

F
ish

D
ata

T
o

evaluate
and

verify
the

usefulness
of

the
regression

m
odel

described
above,

2008
fish

data
w

ere
used.

In
2008,

fish
sam

ples
w

ere
collected

at
20

stations
in

the
C

A
W

S
Study

area,
w

hich
included

14
stations

sam
pled

by
the

D
istrict

and
six

supplem
ental

stations
sam

pled
by

L
im

noT
ech

and
their

subcontractor
E

cological
Specialists,

Inc.
T

he
com

bined
fish

m
etric

for
these

20
stations

w
as

calculated
from

the
2008

fish
data

and
com

pared
to

the
habitat

regression
m

odel
described

above,
calculated

atthe
20

stations.
C

om
parison

of
the

six-variable
regression

m
odel

to
the

2008
fish

data
is

depicted
graphically

in
Figures

6-6.
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C
alculated

M
etric

U
sing

R
egression

E
quation

F
igure

6-6:
C

om
parison

of
the

C
A

W
S

H
abitat

R
egression

M
odel

w
ith

2008
F

ish
D

ata.

A
s

show
n

in
F

igure
6-6,

the
six-variable

habitat
regression

m
odel

(developed
using

2001
—

2007
fish

data)
show

s
a

relatively
good

fit
w

ith
the

2008
fish

data.
T

he
r

squared
value

of
0.29

(p
=

0.014)
indicates

that
there

is
good

and
statistically

significant
correlation

(98.6%
confidence)

betw
een

the
habitat

regression
m

odel
and

the
2008

fish
data.

It
is

also
of

interest
to

know
how

this
regression

m
ight

correlate
w

ith
long-term

averages
in

C
A

W
S

fisheries
condition.

T
o

evaluate
this,

the
average

com
bined

fish
m

etric
at

each
C

A
W

S
sam

pling
station

w
as

calculated
from

the
2001

—
2008

data
and

the
regression

equation
w

as
com

pared
to

these
averages.

F
igure

6-7
show

s
this

com
parison.

T
he

regression
fit

the
long-term

averages
w

ith
an

r-squared
of

0.51,
indicating

that
the

six
habitat

variables
in

the
regression

equation
explain

m
ore

than
50%

of
the

variability
in

fish
data

over
long

periods.

aaE0a-oa-DE0c)00
00

15.00

10.00

5.00

o
oo

-5.00

-10.00

L

-20.00
-15.00

-10.00
-5.00

0.00
5.00

10.00
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F
igure

6-7:
C

om
parison

of
the

C
A

W
S

H
abitat

R
egression

M
odel

w
ith

A
veraged

F
ish

D
ata

(2001
—

2008).

T
his

com
parison

is
further

verification
of

the
im

portance
of

the
six

habitat
variables

in
the

habitat
regression

and
indicates

that
the

regression
can

provide
a

solid
foundation

for
developm

ent
of

a
habitat

index
for

the
C

A
W

S.

6.4
R

E
L

A
T

IV
E

IM
P

O
R

T
A

N
C

E
O

F
PH

Y
SIC

A
L

H
A

B
IT

A
T

IN
T

H
E

C
A

W
S

T
he

regression
analysis

of
physical

habitat
w

ith
fish

can
be

used
to

evaluate
the

relative
im

portance
of

habitat
to

fish
in

the
C

A
W

S.
A

s
previously

discussed,
the

regression
analysis

show
s

that
physical

habitat
can

explain
48%

of
the

fish
data

collected
from

2001
—

2007.
W

hile
this

is
a

significant
finding,

it
m

eans
that

approxim
ately

half
of

the
fish

data
is

notexplained
by

the
six

habitat
variables

in
the

regression.
T

he
follow

ing
sections

evaluate
w

hat
else

m
ightbe

contributing
to

variability
in

C
A

W
S

fish
data.

6.4.1
V

ariation
in

F
ish

D
ata

N
ot

E
x

p
lain

ed
by

H
ab

itat
V

ariation

T
he

observation
thatphysical

habitat
conditions

can
explain

up
to

approxim
ately

half
of

the
variability

in
fish

data
raises

the
question

as
to

w
hat

can
explain

the
rest

of
the

variability
in

C
A

W
S

fish
data.

T
o

investigate
this,

tw
o

evaluations
w

ere
perform

ed
using

the
regression

residuals:

T
he

regression
residuals

w
ere

com
pared

to
the

station-by-station
variation

in
fish

data
betw

een
the

200
1-2007

dataset
and

the
2008

dataset.
T

his
com

parison
w

as
perform

ed
to

evaluate
how

m
uch

of
the

unexplained
variability

in
fish

data
m

ay
be

attributable
to

variation
in

fish
over

tim
e.

15.00

10.00

5.00

0.00

-5.00

-10.00-10.00
-5.00

0.00
5.00

10.00
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•
T

he
regression

residuals
w

ere
com

pared
to

D
O

m
etrics

at
each

station.
T

his
com

parison
w

as
perform

ed
to

evaluate
how

m
uch

of
the

variability
in

fish
data,

not
explained

by
the

key
habitat

variables
represented

in
the

regression
equation,

m
ay

be
attributable

to
D

O
.

T
he

regression
equation

used
for

these
com

parisons
w

as
the

six-variable
regression

equation
presented

in
Section

6.3.3.
T

hese
com

parisons
are

depicted
graphically

in
Figures

6-8
and

6-9,respectively.

_
_

_
_

_

.
.

.
.

•
.

‘

.

.

.
_

_
_

_
_
_

_

F
igure

6-8:
C

om
parison

of
R

egression
R

esiduals
w

ith
V

ariation
in

M
etrics

C
alculated

U
sing

F
ish

D
ata

from
2001-2007

and
2008.

F
igure

6-8
com

pares
the

habitat
regression

residuals
(predicted

values
m

inus
observed

values)
to

the
difference

betw
een

the
average

fish
m

etric
values

for
the

2001
to

2007
data

period
(used

for
regression

developm
ent)

and
the

2008
data

set
(used

for
regression

validation).
T

his
com

parison
show

s
a

relatively
strong

correlation
(r

squared
=

0.70)
betw

een
the

regression
residuals

and
the

change
in

fish
m

etrics
from

the
200

1-2007
period

and
2008.

T
his

suggests
that

as
m

uch
as

70%
of

the
variability

in
the

C
A

W
S

fish
data

that
is

not
explained

by
the

six
habitat

variables
in

the
regression

equation
(35%

of
total

variability
in

fish
data)

can
be

explained
by

variability
in

the
fish

sam
ples

them
selves,

as
opposed

to
som

e
other

external
condition,

such
as

a
m

issing
habitat

variable.

T
o

further
investigate

this,
the

error
associated

w
ith

year-to-year
variability

of
the

com
bined

fish
m

etric
at

individual
sam

pling
stations

w
as

com
pared

to
the

error
of

the

y=
0

.8
1

5
8
x

+
4
.1

3
6

4
=

0.7036
a8

16.00

14.00

12.00

10.00
E-

8.00
CE

6.00
0

4.00
00Caa

0.00

I

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_
_

_
_
_

_
_
_

_
_

_
_
_

_
_
_

_
_

_
_

_
_
_

_
_

_
_
_

_
_
_

-10.00
-5.00

0.00
5.00

10.00
15.00

D
ifference

b
etw

een
2008

and
averaged

2
0
0
1
-2

0
0
7

co
m

b
in

ed
m

etrics
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reg
ressio

n
m

o
d
el.

T
ab

le
6-5

sh
o

w
s

th
e

stan
d

ard
d
ev

iatio
n

o
f

th
e

C
F

M
at

each
o

f
th

e
statio

n
s.

T
h
e

m
ean

stan
d

ard
d
ev

iatio
n

(th
e

sq
u

are
ro

o
t

o
f

v
arian

ce
fro

m
th

e
m

ean
)

o
f

th
e

C
F

M
m

easu
rem

en
ts

is
3.1

w
h
ile

th
e

reg
ressio

n
m

o
d

el
ro

o
t

m
ean

sq
u
ared

erro
r

(th
e

sq
u

are
ro

o
t

o
f

v
arian

ce
fro

m
th

e
p
red

icted
v

alu
e)

is
3.7.

T
h

e
fact

th
at

th
e

m
ean

stan
d
ard

d
ev

iatio
n

is
3.1,

w
h

ich
is

n
early

eq
u

al
to

th
e

ro
o

t
m

ean
sq

u
ared

erro
r

o
f

3.7,

su
g

g
ests

th
at

h
at

su
g
g
ests

th
at

th
e

m
ajo

rity
o
f

th
e

m
o

d
el

erro
r

is
d
u
e

to
th

e
y

ear-to
-

y
ear

v
ariab

ility
o
f

th
e

fish
m

easu
rem

en
ts.

T
able

6-5:
S

tandard
D

eviation
of

the
C

om
bined

F
ish

M
etric

at
D

istrict
S

am
pling

S
tations.

M
ean

S
tation_N

o
S

tation
N

am
e

n
C

FM
St

D
ev

1014
N

orth
S

hore
C

hannel
at

C
entral

S
treet

2
12.3

8.2

1015
N

orth
S

hore
C

hannel
at

T
ouhy

A
venue

7
0.3

2.9

1016
N

orth
B

ranch
C

hicago
R

iver
at

W
ilson

A
venue

2
-1.4

3.2

1017
S

outh
B

ranch
C

hicago
R

iver
at

M
adison

S
treet

2
3.6

4.9

1018
C

hicago
S

anitary
and

Ship
C

anal
at

D
am

en
A

venue
2

-0.4
1.1

1019
C

hicago
S

anitary
and

Ship
C

anal
at

H
arlem

A
venue

7
-1.3

3.5

1020
C

hicago
S

anitary
and

Ship
C

anal
at

R
oute

83
2

1.6
6.9

1021
C

alum
et-S

ag
C

hannel
at

R
oute

83
2

-6.5
1.8

1022
N

orth
B

ranch
C

hicago
R

iver
at

G
rand

A
venue

7
-1.0

3.4

1023
C

hicago
S

anitary
and

Ship
C

anal
at

S
tephen

S
treet

2
-7.6

3.0

1029
L

ittle
C

alum
et

R
iver

at
Indiana

A
venue

2
0.8

2.9

1031
C

alum
et-S

ag
C

hannel
at

A
shland

A
venue

2
-2.9

0.1

1032
C

alum
et-S

ag
C

hannel
at

C
icero

A
venue

7
-1.6

2.6

1034
N

orth
B

ranch
C

hicago
R

iver
at

D
iversey

P
arkw

ay
2

-2.9
5.6

1035
C

hicago
R

iver
at

L
ake

S
hore

D
rive

2
10.1

0.6

1036
C

hicago
S

anitary
and

Ship
C

anal
at

C
icero

A
venue

7
-2.2

3.9

1037
L

ittle
C

alum
et

R
iver

at
H

alsted
S

treet
7

4.3
2.0

C
hicago

S
anitary

and
Ship

C
anal

at
L

ockport
(16th

1045
S

treet)
7

-5.7
2.3

1048
B

u
b
b
ly

C
reek

atA
rch

erA
v
en

u
e

2
0.0

0.9

1049
C

hicago
R

iver
at

W
ells

S
treet

2
2.2

0.8

1050
N

orth
S

hore
C

hannel
at

F
oster

A
venue

2
3.8

1.4

1051
N

orth
S

hore
C

hannel
at

O
akton

S
treet

2
5.3

9.6

1056
S

outh
B

ranch
C

hicago
R

iver
at

L
oom

is
S

treet
2

-1.9
2.2

M
ean

across
all

statio
n
s

(w
eighted

by
num

ber
of

sam
ples)

81
-0.2

3.1
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1210

y=
-0.0228x*0.6419

.
R’

=
0.0331

,
8

.
6

.
.

4
.3.

1
.

.
+

4
.

2

.
.

0

•
•
‘
•
,

.
-2

•
•

.•
.
*

.
-4

.
.

-6
.

-8
9

-10

F
igure

6-9:
C

om
parison

of
R

egression
R

esiduals
w

ith
P

ercent
of

T
im

e
D

issolved
O

xygen
L

ess
T

han
5

m
glL

.

F
igure

6-9
com

pares
the

habitat
regression

residual
to

the
percent

of
tim

e
that

D
O

w
as

less
than

5
m

gIL
ateach

station
from

June
through

Septem
ber.

T
his

w
ater

quality
m

etric
w

as
found

to
be

the
m

ost
highly

correlated
w

ith
individual

fish
m

etrics
in

the
C

A
W

S
,

as
reported

in
A

ppendix
C

.
T

he
regression

has
an

r-squared
=

0.03,
w

hich
indicates

that
only

3%
of

the
C

A
W

S
fish

data
variability

that
is

not
explained

by
the

six
habitat

variables
in

the
regression

equation
(1.5%

of
total

variability
in

fish
data)

m
ay

be
explained

by
D

O
conditions

at each
sam

pling
station.

6.4.2
R

elativ
e

Im
p
o
rtan

ce
of

H
ab

itat
V

ersu
s

W
ater

Q
uality

in
th

e
C

A
W

S

T
he

regression
analysis

presented
in

Section
6.3.3

show
s

that
physical

habitat
alone

can
explain

up
to

48%
of

fish
data

collected
in

the
C

A
W

S
from

2001
—

2007,
w

hich
is

significantly
better

than
can

be
accom

plished
by

evaluating
w

ater
quality

alone.
In

the
analysis

presented
in

A
ppendix

C
,

the
D

O
m

etric
m

ost
highly

correlated
w

ith
fish

data
only

had
an

r-squared
of

0.27,
m

eaning
that

D
O

alone
can

only
explain

27%
of

the
variability

in
the

sam
e

seven
years

of
fish

data.
T

his
indicates

thatphysical
habitat

is
relatively

m
ore

im
portant

in
understanding

fisheries
in

the
C

A
W

S
than

w
ater

quality.

T
o

further
investigate

the
relative

im
portance

ofphysical
habitat

and
w

ater
quality

to
fish

in
the

C
A

W
S,

A
key

D
O

m
etric

(the
percent

of
tim

e
that

D
O

is
less

than
5

m
gIL

88808

0
10

20
30

40
50

60
70

80
90

100

Jun-S
ep

perC
ent

tim
e

D
O

5
m

g/I
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at
each

station
from

June
through

Septem
ber)

w
as

added
to

a
key

habitatregression
discussed

above,
to

observe
w

hether
the

inclusion
of

the
D

O
variable

w
ould

significantly
im

prove
the

ability
of

the
regression

equation
to

explain
the

fish
data.

It
should

be
noted

that
a

w
ide

range
of

w
ater

quality
m

etrics
w

ere
evaluated

w
ith

respect
to

fish
data,

to
identify

the
m

etric
m

ost
correlated

to
fish

m
etrics,

w
hich

w
as

the
percent

of
tim

e
that

D
O

is
less

than
5

m
g/L

at
each

station
from

June
through

Septem
ber.

T
he

six-variable
regression

equation
discussed

in
section

6.3.3
w

as
used

for
this

test.
T

hat
regression

equation,
developed

using
system

-w
ide

data,
included

the
follow

ing
variables:

•
M

axim
um

depth
of

channel

•
O

ff-channel
bays

•
Percent

of
vertical

w
all

banks
in

reach

•
Percent

of
riprap

banks
in

reach

•
M

anm
ade

structures
in

reach

•
Percent

m
acrophyte

cover
in

reach

T
he

percent
of

tim
e

betw
een

June
and

S
eptem

ber
that

D
O

w
as

below
5

m
g/i

w
as

added
to

this
set

of
habitat

variables
because

it
w

as
the

w
ater

quality
variable

identified
as

having
the

strongest
relationship

to
fish

in
the

C
A

W
S.

T
his

set
of

variables
w

as
then

com
pared

to
fish

data
using

m
ultiple

linear
regression.

It
should

be
noted

that
this

regression
w

as
conducted

on
a

slightly
sm

aller
dataset

(67
events)

because
continuous

D
O

data
w

ere
not

available
at

all
of

the
C

A
W

S
stations

w
ith

fish
and

habitat
data.

In
the

original
regression

using
habitat

variables
alone,

the
com

parison
to

fish
data

yielded
an

r-squared
value

of
0.48,

m
eaning

that
the

habitat
variables

explained
about

48%
of

the
fish

data.
W

ith
the

reduced
data

set,
the

r-squared
dropped

to
0.42,

probably
because

few
er

data
w

ere
used.

W
hen

D
O

w
as

added
to

the
variable

set
and

a
new

regression
w

as
calculated,

the
r-squared

of
the

new
regression

w
ith

fish
data

w
as

0.46.
T

his
result

indicates
that

including
D

O
w

ith
the

habitat
variables

im
proved

the
am

ount
of

fish
data

variability
explained

by
the

regression
by

about4%
over

physical
habitat

alone.

6.4.3
S

u
m

m
ary

F
in

d
in

g
s

fo
r

R
elative

Im
p
o
rtan

ce
of

H
abitat

in
th

e
C

A
W

S

From
these

com
parisons

and
the

overall
analysis

of
the

relationship
of

physical
habitatto

fish
in

the
C

A
W

S,
the

follow
ing

conclusions
can

be
m

ade:

•
T

he
tw

o
m

ost
im

portantphysical
habitat

variables
in

the
C

A
W

S
that

are
positively

correlated
w

ith
fish

are
the

am
ountof

m
acrophyte

cover
and

the

L
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quantity
of

areas
that

act
as

off-channel
bays

to
provide

refuge
from

the
m

ain
channel.

•
T

he
four

m
ost

im
portant physical

habitat
variables

in
the

C
A

W
S

that
are

negatively
correlated

w
ith

fish
are

the
m

axim
um

depth
of

the
channel,

the
am

ount
of

vertical
w

alled
banks,

the
am

ount of
riprap

banks,
and

the
num

ber
of

m
anm

ade
structures.

•
T

hese
six

variables
account

for
48%

(approxim
ately

half)
of

the
variability

in
fish

data
collected

in
the

C
A

W
S

from
2001

—
2007.

•
O

f
the

half
of

fish
data

variability
that

is
not

explained
by

these
physical

habitat
variables,

as
m

uch
as

70%
of

that
half

can
be

explained
by

variation
in

fish
sam

pling
results

from
year

to
year.

T
his

m
eans

that
the

fish
m

easured
at

a
location

can
vary

significantly
from

one
sam

ple
event

to
the

next
and

that
this

w
ill

lead
to

an
inherent

variability
in

the
data

that
cannot

be
explained

by
changes

in
independent

variables
such

as
habitator

w
ater

quality.

•
T

he
percent

of
tim

e
that

D
O

is
less

than
5

m
g/L

at
a

given
station

in
the

C
A

W
S

from
June

through
S

eptem
ber

explains
approxim

ately
3%

of
the

half
of

the
fish

data
variability

that
is

not
explained

by
the

six
key

physical
habitat

variables.

•
D

O
is

m
uch

less
im

portant
to

fish
in

the
C

A
W

S
than

physical
habitat.

D
O

alone
can

only
explain

betw
een

2%
and

27%
of

the
fish

data
variability,

w
hile

the
physical

habitat
can

explain
48%

.
T

he
addition

of
the

key
D

O
m

etric
to

the
m

ain
habitat

variables
only

resulted
in

a
4%

im
provem

ent
over

using
habitat

alone.

T
he

use
of

these
findings

in
developing

a
C

A
W

S-specific
habitat

index
is

discussed
in

the
next

section.
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T
his

page
is

b
lan

k
to

facilitate
double

sided
p
rin

tin
g
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7.
D

E
V

E
L

O
PM

E
N

T
O

F
A

C
A

W
S

H
A

B
ITA

T
IN

D
E

X

T
he

process
outlined

in
Section

6
of

this
report

system
atically

narrow
ed

the
field

of
potentially

im
portant

habitat
variables

from
241

original
variables

to
a

final
set

of
six

habitatvariables
that

represent
the

m
ost

statistically
im

portant
m

easured
habitat

variables
to

fish
in

the
C

A
W

S.
T

hese
six

variables
are:

•
M

axim
um

depth
of

channel

•
O

ff-channel
bays

•
P

ercent
of

vertical
w

all
banks

in
reach

•
P

ercent
ofriprap

banks
in

reach

•
M

anm
ade

structures
in

reach

•
P

ercent
m

acrophyte
cover

in
reach

T
ogether,

these
habitat

variables
explain

48%
of

the
fish

data
variability

in
the

C
A

W
S.

T
he

developm
ent

of
a

system
-specific

habitat
index

is
discussed

in
this

section,
w

ith
em

phasis
on

the
follow

ing
topics:

•
O

bjectives
for

the
C

A
W

S
H

abitat
Index

(Section
7.1)

—
T

he
m

ain
objectives

for
a

system
-specific

C
A

W
S

habitat
index

are
outlined

in
this

section.

•
U

se
of

the
C

A
W

S
H

abitat
R

egression
E

quation
(Section7.2)

—
T

his
section

discusses
the

role
of

the
C

A
W

S
habitat

regression
in

developing
a

habitat
index

for
the

system
.

•
C

A
W

S
H

abitat
Index

D
evelopm

ent
(Section

7.3)
—

D
evelopm

ent
of

a
C

A
W

S
specific

habitat
index

is
discussed.

•
P

otential
L

im
itations

of
the

C
A

W
S

H
abitat

Index
(Section7.4)

—
P

otential
lim

itations
of

the
C

A
W

S
habitat

index
presented

in
Section

7.3
are

described.

7.1
O

B
JE

C
T

IV
E

S
F

O
R

T
H

E
C

A
W

S
H

A
B

IT
A

T
IN

D
E

X

O
ne

of
the

original
objectives

for
this

study,
as

discussed
in

Section
1

w
as

to
“use

a
m

ulti-m
etric

habitat
index

to
evaluate

physical
habitat

conditions
in

the
C

A
W

S
and

use
physical

habitat
data

and
the

above
m

ulti-m
etric

index
to

assess
the

relative
im

portance
of

physical
habitat

to
fish

in
the

C
A

W
S.”

A
s

discussed
in

Section
2,

no
existing

habitat
indices

for
non-w

adeable
w

aters
w

ere
identified

that
w

ould
be

applicable
to

the
C

A
W

S
,

therefore
developm

ent
of

a
system

-specific
index

w
ould

be
required.

T
he

process
of

developing
a

system
-specific

habitat
index

required
detailed,

in-depth
analysis

of
habitat

and
fish

data.
T

his
process

of
data

analysis,
w

hile
paving
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the
w

ay
for

developm
ent

of
a

system
-specific

habitat
index

for
the

C
A

W
S,

w
as

also
sufficient

to
m

eet
the

objectives
for

w
hich

the
index

w
as

originally
thought

to
be

needed.
Specifically,

the
evaluation

of
physical

habitat
conditions

in
the

C
A

W
S

and
the

assessm
ent

of
the

relative
im

portance
of

physical
habitatto

fish
in

the
C

A
W

S
w

as
addressed

w
ithout

an
index,

as
discussed

in
Section

6.

A
s

such,
the

objectives
for

a
habitat

index
for

the
C

A
W

S
have

shifted
som

ew
hat

from
w

hat
w

as
originally

envisioned.
W

ith
the

com
pletion

of
the

analysis
docum

ented
in

this
report,

the
objectives

for
a

C
A

W
S-specific

habitat
index

should
be

to:

•
Provide

a
tool

for
characterization

of
reaches

w
ithin

the
C

A
W

S
for

purposes
of

com
paring

the
range

of
habitat

quality
w

ithin
the

C
A

W
S

and
for

prioritizing
locations

for
potential

habitat
im

provem
entm

easures.

•
Provide

a
tool

for
characterizing

habitat
changes

in
reaches

over
tim

e.

•
R

epresent
the

habitat
attributes

that
are

m
ost

im
portantto

aquatic
biota

in
the

C
A

W
S,

based
on

system
-specific

data.

T
he

technical
literature

on
the

subject
present

different
approaches

for
developing

habitatindices
and

a
single,

universally
accepted

standard
m

ethod
has

not
been

identified.
T

he
flow

ing
sections

address
the

use
of

the
m

ultiple
linear

regression
analyses

discussed
previously

in
developing

a
C

A
W

S
-specific

habitat
index.

7.2
U

SE
O

F
T

H
E

C
A

W
S

H
A

B
IT

A
T

R
E

G
R

E
S

S
IO

N
E

Q
U

A
T

IO
N

O
ne

m
ethod

for
using

the
habitat

regression
presented

in
Section

6
to

develop
a

C
A

W
S

-specific
habitat

index
is

to
use

a
regression

equation
directly

as
an

index
equation

to
m

easure
habitat

quality
in

the
C

A
W

S
.

T
his

has
certain

advantages,
including

the
fact

that
the

index
w

ould
only

include
the

habitat
variables

that
are

currently
m

ost
im

portant
to

the
biotic

indicator
population

(fish
in

this
Study).

D
irect

use
of

the
variable

coefficients
from

the
regression

equation
as

w
eights

for
the

variables
in

the
index

w
ould

be
the

m
ost

statistically
sound

approach.

H
ow

ever,
this

approach
has

a
significant

lim
itation,

in
that

itcan
ignore

other
im

portant
habitat

variables
that

can
be

used
to

characterize
physical

habitat
in

the
system

.
U

sing
only

variables
from

the
regression

analysis
m

ay
om

it
variables

that
are

im
portant,

but
not

as
relatively

im
portant

as
those

in
the

regression.
For

exam
ple,

overhanging
riparian

vegetation
w

as
notincluded

in
the

final
habitat regression

because
it

w
as

highly
correlated

w
ith

vertical
w

alled
banks.

T
his

does
not

m
ean

that
it

is
not

an
im

portant
habitat

variable.
T

he
bank

pocket
area

variable
w

as
included

in
the

regression
analysis,

but
did

not
appear

in
the

selected
regression.

T
his

does
not

m
ean

that
these

sm
all

bank
refuges

are
unim

portant
to

fish.
A

better
approach

is
to

use
the

regression
analysis

to
inform

the
habitat

index
by

pointing
to

im
portant

variables
and

by
helping

understand
the

relative
im

portance
of

those
variables.

T
his
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allow
s

for
the

application
ofprofessionaljudgm

ent,
inform

ed
by

know
ledge

of
the

system
,

the
data,

and
aquatic

ecology
in

general.
T

his
approach

is
described

below
.

7.3
C

A
W

S
H

A
B

IT
A

T
IN

D
E

X
D

E
V

E
L

O
P

M
E

N
T

A
s

stated
atthe

beginning
of

this
section,

the
regression

analyses
presented

in
Section

6
identified

six
physical

habitat
variables

that
are

the
m

ost
im

portant
to

fish
in

the
C

A
W

S,
based

on
the

data
and

analytical
m

ethods
used

in
this

study.
B

ecause
they

are
the

m
ost

im
portant

variables
for

understanding
habitat

quality,
they

are
the

best
candidates

for
a

C
A

W
S

-specific
habitat

index.
In

addition,
other

habitat
variables

w
ere

not
included

in
the

selected
regression,

but
w

ere
evaluated

for
inclusion

in
the

C
A

W
S

habitatindex,
as

discussed
below

.

T
o

evaluate
the

effect
of

including
additional

variables
w

ith
the

selected
regression

equation
as

the
basis

for
an

index,
an

index
developm

ent
spreadsheet

w
as

created
using

the
regression

equation,
w

hich
w

ould
allow

com
parison

of
the

regression
calculation

to
the

average
com

bined
fish

m
etric

ateach
station,

for
the

m
onitoring

period
used

in
this

study
(2001-2008).

T
his

com
parison

w
as

depicted
graphically

in
Figure

6-6
and

show
s

that
the

regression
equation

versus
the

average
com

bined
fish

m
etric

for
each

station
has

an
r-squared

of
0.51,

m
eaning

that
the

regression
can

explain
51%

of
the

variability
in

long-term
average

fish
data

in
the

C
A

W
S.

T
he

index
developm

ent
spreadsheet

also
included

station-by-station
values

of
the

follow
ing

other
habitat

variables
of

interest:

•
B

ank
pocket

areas
—

T
his

variable
w

as
used

in
the

regression
analysis

but
does

not
appear

in
the

selected
regression.

Itrepresents
the

count
of

relatively
sm

all
bank

refuge
areas

for
fish

and
w

as
included

because
it

can
represent

an
im

portant
cover

variable.

•
L

arge
substrate

in
shallow

and
deep

parts
of

the
channel

—
T

hese
variables

w
ere

also
included

in
the

regression
analysis

butdid
not

appear
in

the
selected

regression.
T

hey
w

ere
considered

in
the

index
developm

ent
because

of
the

general
im

portance
of

large
substrate

to
fish.

•
O

rganic
sludge

—
T

his
variable

w
as

included
in

the
regression

analysis
but

did
not

appear
in

the
selected

regression.
Itrepresents

a
general

substrate
condition

in
som

e
of

the
C

A
W

S
reaches

that
indicates

very
fine

sedim
ent

w
ith

residual
im

pacts
of

industrial
chem

icals.
It

w
as

included
because

it
m

ay
be

an
im

portant
local

lim
itation

to
ecological

health
in

parts
of

the
C

A
W

S.

•
O

verhanging
vegetation

—
O

verhanging
riparian

vegetation
is

recognized
as

im
portant

in
aquatic

system
s

for
providing

shade
and

a
source

of
organic

m
aterial

and
food

(insects)
for

som
e

fish.
T

his
variable

w
as

not
included

in
the

habitat
regression

analysis
because

it
is

strongly
correlated

w
ith

another
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variable,
vertical

w
all

banks.
It

is,how
ever,

an
im

portant
habitat

variable
and

should
be

included
in

the
index.

T
he

regression
equation

is
sim

ply
the

sum
of

the
values

for
each

included
variable,

each
m

ultiplied
by

a
coefficient.

T
he

coefficients
in

the
regression

equation
are

determ
ined

by
the

statistical
process.

In
adding

variables
to

this
equation,

the
assum

ption
w

as
m

ade
that

none
of

the
additional

variables
is

m
ore

im
portantthan

the
variables

in
the

original
regression

equation;
otherw

ise
they

them
selves

w
ould

have
appeared

in
the

equation.
T

herefore,
it

w
as

assum
ed

that
none

of
the

additional
variables

could
have

a
larger

coefficient
than

the
low

est
coefficient

already
in

the
regression

equation.
In

other
w

ords,
the

additional
variable

could
notbe

w
eighted

m
ore

heavily
than

a
variable

that
appeared

in
the

regression.

It
w

as
also

recognized
that

the
addition

of
variables

w
ould

degrade
the

fit
of

the
equation

to
the

data.
For

index
developm

ent,
the

average
com

bined
fish

m
etric

at
each

station
w

as
calculated

for
the

2001
—

2008
period.

A
s

described
above

and
in

Section
6.3.4,

the
regression

equation
had

an
r-squared

of
0.51

w
ith

these
long-term

averages.
It

w
ould

be
expected

that
adding

variables
to

the
equation

w
ould

result
in

a
low

er
r-squared,

so
there

is
a

trade-off
betw

een
adding

variables
and

the
r-squared

value.
It

w
as

decided
that

the
addition

of
variables

to
the

regression
equation

should
notresult

in
an

r-squared
less

than
0.48,

w
hich

w
as

the
r-squared

that
the

original
regression

had
w

ith
the

2001-2007
data,

w
hen

it
w

as
originally

developed.

W
ith

these
constraints,

the
additional

variables
w

ere
tested

alone
and

in
com

bination,
using

coefficients
less

than
0.2,

w
hich

w
as

the
low

est
coefficient

assigned
to

a
variable

in
the

original
regression.

U
sing

this
approach,

a
com

bination
of

coefficients
w

as
developed

that
m

atched
the

r-squared
of

the
original

regression
(0.48).

T
he

variables
and

their
coefficients

are
listed

in
T

able
7-1.

T
he

variable
values

used
in

this
analysis

are
presented

in
T

able
7-2.
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T
able

7-1:
H

ab
itat

V
ariables

and
C

oefficients
U

sed
in

C
A

W
S

H
ab

itat
Index.

H
ab

itat
V

ariable
C

oefficient

M
axim

um
depth

of
channel(-)

0.381

O
ff-channel

bays
(+)

1.03

V
ertical

w
all

banks
(-)

2.03

R
iprap

banks
(-)

1.11

M
anm

ade
structures

(-)
6.06

M
acrophyte

cover
(+)

0.214

O
verhanging

vegetation
(+)

0.1

B
ank

pocket
areas

(+)
0.05

L
arge

su
b

strate
-

shallow
(+)

0.005

L
arge

su
b

strate
-

deep
(+)

0.005

O
rganic

sludge
(-)

0.08
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T
hese

II
variables

represent
a

good
m

ix
of

habitat
variables

including
bank

condition,
in-stream

cover,
substrate,

and
anthropogenic

im
pact.

T
hey

also
represent

variables
that

are
relatively

easy
to

m
easure

and
m

any
m

ay
be

alterable
to

im
prove

habitat
in

the
future.

T
he

equation
for

the
raw

C
A

W
S

habitat
index

is:

C
H

I
=

12.8
-

0.38
1

x
M

A
X

_D
E

P
+

1.03
x

ln(O
FF_C

H
_B

A
Y

+
1)—

2.03
x

asin((B
N

K
_W

A
L

L
)°

5)
—

1.11
x

(ln(B
N

K
_R

IPR
A

P
+

1))
—

6.06
x

ln(M
A

N
_M

A
D

E
_S

T
R

U
C

+
1)

+
0.2

14
*

M
C

R
PH

_C
H

A
N

+
0.1

x
P

E
R

_C
O

y_A
L

T
+

0.05
x

B
A

N
K

_PO
C

_A
R

E
A

+
0.005

x
B

IG
_S

+
0.005

x
B

IG
_D

-
0.08

x
C

A
W

S_O
R

G
SL

G

W
here:

C
H

I
=

raw
C

A
W

S
H

abitat
Index

M
A

X
_D

E
P

=
T

he
m

axim
um

channel
depth

in
reach

O
F

F
_C

H
_B

A
Y

=
the

num
ber

of
areas

in
the

reach
that

function
as

off-channel
bays,

providing
refuge

for
fish

B
N

K
_W

A
L

L
=

the
percentage

of
bank,

by
length,

occupied
by

vertical
w

alls

B
N

K
_R

IP
R

A
P

=
the

percentage
of

riprap
banks

in
reach,

by
length

M
A

N
_M

A
D

E
_S

T
R

U
C

=
the

num
ber

of
m

anm
ade

structures
in

the
reach

M
C

R
P

H
_C

H
A

N
=

the
percentage

m
acrophyte

cover
in

the
reach

P
E

R
_C

O
y_A

L
T

=
the

percent
overhanging

vegetation

B
A

N
K

_P
O

C
_A

R
E

A
=

the
num

ber
of

bank
pocketareas

B
IG

_S
=

the
percentage

of
large

substrate
(gravel,

cobbles,
boulders)

in
the

shallow
part

of
the

channel

B
IG

_D
=

the
percentage

of
large

substrate
(gravel,

cobbles,
boulders)

in
the

deep
part

of
the

channel

C
A

W
S

_O
R

G
S

L
G

=
the

percentage
of

organic
sludge

in
sedim

ent
sam

ples

T
he

index
values

calculated
for

each
C

A
W

S
sam

pling
station

from
2001

—
2008

are
graphically

com
pared

to
the

average
com

bined
fish

m
etric

at
those

stations
in

F
igure

7-1.
It

should
be

noted
that

in
the

index
developm

ent
stage,

the
raw

values
of

the
index

calculation
w

ere
used.

T
he

final
index

is
norm

alized
to

a
0

to
100

scale,
as

explained
in

S
ection

7.4.
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F
igure

7-1:
C

A
W

S
H

abitat
Index

C
om

pared
to

A
verage

(2001-2008)
C

om
bined

F
ish

M
etric

for
E

ach
S

am
pling

S
tation.

A
s

m
entioned

above,
the

r-squared
of

the
C

A
W

S
habitat

index
to

the
fish

data
m

aintains
the

goodness
of

fit
that

the
original

habitatregression
had,

but
it

also
com

pares
w

ell
w

ith
com

parisons
reported

for
other

habitat
index

studies
that

used
m

ultiple
linear

regression,
as

show
n

in
T

able
7-3.

T
able

7-3:
C

om
parison

of
R

egression
C

oefficient
U

sed
in

C
A

W
S

H
ab

itat
Index

D
evelopm

ent
w

ith
O

th
er

H
abitat

Indices.

H
abitat

Index
R

eg
ressio

n
R

eferen
ce

C
oefficient

for
Index

D
ev

elo
p
m

en
t

C
A

W
S

0.48
-

Q
H

E
I:

com
parison

to
IBI

0.45
R

ankin,
1989

M
aryland

P
hysical

H
abitat

Index:
0.52

H
all

et
al.,

1999
com

parison
to

IBI

M
I

N
on-W

adeable
H

abitat
Index:

0.34/0.73
W

ilhelm
et

al.,
2005

com
parison

to
catchm

ent
and

riparian
disturbance

gradients

1
5
.0

0

1
0
.0

0

5
.0

0

0
.0

0

-5
.0

0

-1
0
.0

0-1
0
.0

0
-5.00

0
.0

0
5

.0
0

1
0
.0

0
15.00
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T
he

application
of

this
index

to
individual

reaches
in

the
C

A
W

S
is

presented
in

Section
7.4.

7.4
A

PPL
IC

A
T

IO
N

O
F

H
A

B
IT

A
T

IN
D

E
X

B
Y

R
E

A
C

H

T
he

C
A

W
S

habitat
index

w
as

calculated
for

each
station

as
part

of
the

index
developm

ent,
but it

m
ay

also
be

useful
for

evaluating
and

com
paring

entire
reaches

in
the

C
A

W
S.

T
o

do
this,

representative
values

had
to

be
determ

ined
for

each
of

the
m

ajor
reaches.

T
he

basis
for

assigning
values

of
each

variable
is

sum
m

arized
in

T
able

7-4.
T

he
values

assigned
to

each
reach

for
each

variable
are

presented
in

T
able

7-5.

T
able

7-4:
B

asis
for

D
eterm

ining
R

each-W
ide

V
alues

of
K

ey
H

ab
itat

V
ariables.

H
abitat

V
ariable

B
asis

for
D

eterm
ining

V
ariable

V
alue

M
axim

um
channel

depth
D

eterm
ined

from
reach

bathym
etry

O
ff-channel

bays
C

alculated
as

2008
av

erag
e

of
stations

in
reach

V
ertical

w
all

banks
M

easured
using

bank
video,

in
conjunction

w
ith

G
IS

R
iprap

banks
M

easured
using

bank
video,

in
conjunction

w
ith

G
IS

M
anm

ade
structures

D
eterm

ined
from

C
A

W
S

bank
video

M
acrophyte

cover
C

alculated
as

2008
average

of
stations

in
reach

L
ength

of
riparian

overhanging
veg.

for
entire

reach
P

ercent
overhanging

determ
ined

by
inspection

of
bank

video
and

recorded
in

vegetation
G

IS.
D

epth
of

overhang
calculated

as
2008

average
m

easu
red

at
stations

in
each

reach

C
alculated

as
2008

average
of

stations
in

reach
B

ank
pocket

areas
.

validated
using

bank
video

L
arge

su
b
strate

—
shallow

C
alculated

as
2008

average
of

stations
in

reach

L
arge

su
b
strate

—
d
eep

C
alculated

as
2008

average
of

stations
in

reach

O
rganic

sludge
C

alculated
as

2008
average

of
stations

in
reach
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T
ab

le
7-5:

V
alues

of
K

ey
H

ab
itat

V
ariab

les
A

ssigned
to

M
ajo

r
C

A
W

S
R

eaches.

M
axim

um
O

ff-C
hannel

V
ertical

R
iprap

M
anm

ade
M

acrophyte
O

verhanging
B

ank
L

arge
L

arge
O

rganic
C

hannel
B

ays
W

all
B

anks
(%)

S
tructures

C
over(%)

V
egetation

P
ocket

S
ubstrate

S
ubstrate

Sludge
D

epth
(ft)

B
anks

(%
)

(averageS
(%

)
A

reas
—

—
D

eep
(%

)
p
er4

0
0
m

Shallow
(%

)
reach,

1
(%

)
significant

figure)

R
each

U
pper

N
orth

S
h

o
re

C
h

an
n

el
(N

orth
of

8
2

0
0

1
9

33
0

20
0

0
N

orth
S

id
e

W
R

P
)

L
o

w
erN

o
rth

S
h

o
re

12
2

0
7

2
11

30
3

21
4

0

U
pper

N
orth

B
ran

ch
C

hicago
R

iver
12

2
9

53
2

0
25

15
85

0
0

(N
orth

of
A

d
d
iso

n
)

L
ow

er
N

orth
B

ran
ch

C
hicago

R
iver

13
5

80
18

1
0

5
6

7
2

5
(S

o
u

th
of

A
d
d
iso

n
)

C
hicago

R
iver

21
8

97
0

1
0

0
0

19
0

6

g
h

B
r

1f
l
c
h

23
7

90
4

2
0

0
5

1
9

6

B
u

b
b

ly
C

reek
13

1
35

3
2

0
8

9
5

5
48

C
h
icag

o
S

anitary
26

4
59

5
2

1
5

12
24

3
7

C
al-S

ag
C

hannel
16

2
19

53
2

0
5

12
24

5
9

L
ittle

C
alu

m
et

R
iver

15
6

5
17

1
1

6
17

5
26

4
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U
sing

the
C

A
W

S
habitat

index
equation

presented
in

Section
7.3

and
the

values
presented

in
T

able
7-5,

the
C

A
W

S
habitat

index
score

for
each

m
ajor

reach
can

be
calculated.

A
s

m
entioned

in
the

preceding
section,

the
raw

values
of

the
index

w
ere

used
for

station-by-station
scoring

during
index

developm
ent,

butfor
scoring

of
reaches

and
for

other
applications,

the
index

is
norm

alized
to

a
scale

of
zero

to
100.

T
he

norm
alization

process
w

as
perform

ed
by

assigning
probable

w
orst

case
and

best
case

values
to

each
habitat

variable
and

calculating
the

resulting
index

values.
For

variables
that

are
unlikely

to
change

in
the

C
A

W
S,

such
as

m
axim

um
depth,

the
existing

range
of

values
w

as
used

to
establish

the
w

orst
and

best
cases.

For
bank

condition
variables,

a
range

of
zero

to
100%

w
as

used
because

these
variables

could
possibly

be
altered

beyond
w

hat
presently

exists
at

a
given

location
in

the
C

A
W

S.
T

he
w

orst
case

and
best

case
values

and
the

calculated
index

scores
are

presented
in

T
able

7-6.

T
able

7-6:
W

orst
C

ase
and

B
est

C
ase

V
alues

A
ssigned

to
H

ab
itat

V
ariables

for
N

orm
alization

of
C

A
W

S
H

ab
itat

Index.

V
ariable

T
ran

sfo
rm

ed
T

ransform
ed

V
alue

V
alue

V
alue

W
o
rst

V
alue

B
est

C
ase

C
ase

C
onstant:

12.8
12.8

M
A

X
_D

EP
26

9.91
6

0.38

O
FF_C

H
_B

A
Y

0
0

9
2.37

B
N

K
_W

A
LL

100
3.19

0
0.00

B
N

K
_R

IPR
A

P
100

5.12
0

0.00

M
A

N
_M

A
D

E
_ST

R
U

C
4

9.75
0

0

M
C

R
PH

_C
H

A
N

0
0

13
2.78

PE
R

_C
O

y_A
L

T
0

0
33

3.3

B
A

N
K

_PO
C

_A
R

EA
0

0
20

1

B
IG

_S
0

0
85

0.43

B
IG

_D
0

0
30

0.15

C
A

W
S_O

R
G

SLG
48

3.84
0

0

R
aw

C
A

W
S

H
abitat

Index:
-19.01

22.45

Final
C

A
W

S
H

abitat
Index:

0
100

A
fter

assigning
w

orst
case

and
best

case
values

to
each

variable,
the

values
w

ere
transform

ed
using

the
transform

ations
show

n
in

the
regression

equation
and

sum
m

ed
to

obtain
a

R
A

W
index

score
(-19.01

to
22.45).

T
he

final
index

value
w

as
calculated

by
adding

the
m

inim
um

score
(19.01)

to
the

raw
index,

dividing
thatby

the
range

of
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raw
values

(22.45
—

(-19.01)
=

41.46),
and

m
ultiplying

by
100.

T
he

results
are

sum
m

arized
in

T
able

7-7
and

depicted
in

F
igure

7-2.

111TIT
F

igure
7-2:

R
esults

of
C

A
W

S
H

ab
itat

Index
S

coring
for

M
ajor

C
A

W
S

R
eaches.

I0U
,

CCD
4
-

.0CD
=U

,

U

100.0

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0
U

pper
L

ow
er

U
pper

L
ow

er
C

hicago
S

outh
B

ubbly
C

hicago
C

al-Sag
L

ittle
N

orth
N

orth
N

orth
N

orth
R

iver
B

ranch
C

reek
S

anitary
C

hannel
C

alum
et

S
hore

S
hore

B
ranch

B
ranch

C
hicago

and
S

hip
R

iver
C

hannel
C

hannel
C

hicago
C

hicago
R

iver
C

anal
(N

orth
of

R
iver

R
iver

N
orth

(N
orth

of
(S

outh
of

S
ide

W
R

P)
A

ddison)
A

ddison)
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T
ab

le
7-7:

C
A

W
S

H
ab

itat
In

d
ex

S
cores

for
M

ajo
r

R
eaches.

C
A

W
S

H
abitat

R
each

Index
S

co
re

N
orth

S
hore

C
hannel

N
orth

of
N

orth
S

ide
W

R
P

75.2

N
orth

S
hore

C
hannel

S
outh

of
N

orth
S

ide
W

R
P

60.4

N
orth

B
ranch

C
hicago

R
iver

N
orth

of
A

ddison
49.1

N
orth

B
ranch

C
hicago

R
iver

S
outh

of
A

ddison
46.9

C
hicago

R
iver

45.0

S
outh

B
ranch

C
hicago

R
iver

33.8

B
ubbly

C
reek

37.4

C
hicago

S
anitary

and
S

hip
C

anal
33.8

C
al-S

ag
C

hannel
37.1

Little
C

alum
et

R
iver

52.4

7.5
P

O
T

E
N

T
IA

L
L

IM
IT

A
T

IO
N

O
F

T
H

E
C

A
W

S
H

A
B

IT
A

T
IN

D
E

X

T
he

C
A

W
S

H
abitat

Index
(C

H
I)

described
above

w
ill

provide
a

reasonable
m

easure
of

physical
habitat

quality
in

the
C

A
W

S,
to

the
extent

that
such

a
relationship

can
be

developed
w

ith
existing

data.
H

ow
ever,

it
is

recognized
that

the
data

used
to

develop
this

index
can

be
im

proved.
Specifically,

data
w

ere
not

available
to

adequately
evaluate

underw
ater

habitat
conditions

in
the

C
A

W
S,

such
as

the
presence

of
subm

erged
structures.

B
ecause

m
uch

of
the

system
is

m
aintained

for
navigation

and
effluent

conveyance,
large

structures
like

fallen
trees

are
routinely

rem
oved.

N
onetheless,

lim
ited

investigation
during

this
Study

using
side

scan
sonar

revealed
the

presence
of

som
e

large
w

oody
debris

and
other

subm
erged

structures
that

m
ight

provide
in-stream

cover
for

fish.
H

ow
ever,

lacking
sufficient

data
on

subm
erged

structure,
it

w
as

not
possible

to
evaluate

its
potential

im
portance

to
fish

in
this

Study.
Further

investigation
of

the
potential

for
side

scan
sonar

or
som

e
other

rem
ote

sensing
technology

to
observe

and
quantify

the
presence

of
subm

erged
structure

in
the

C
A

W
S

is
recom

m
ended.

In
spite

of
this

lim
itation,

the
index

presented
here

is
useful

in
better

understanding
the

relative
differences

in
physical

habitat
in

the
C

A
W

S.

L
im

noT
ech

Page
139

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Evaluation

R
eport

January
4, 2010

T
his

page
is

b
lan

k
to

facilitate
double

sided
p
rin

tin
g
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8.
SU

M
M

A
R

Y
O

F
C

A
W

S
H

A
B

ITA
T

E
V

A
L

U
A

T
IO

N

T
he

data
and

analyses
described

in
the

preceding
sections

w
ere

used
to

conduct
a

com
prehensive

evaluation
ofphysical

habitat
in

the
C

A
W

S.
T

he
evaluation

docum
ented

in
this

Study
is

sum
m

arized,
including

m
ajor

conclusions.

8.1
M

A
JO

R
C

O
N

C
L

U
SIO

N
S

Several
m

ajor
conclusions

are
supported

by
the

w
ork

conducted
in

this
study,

including
the

follow
ing:

A
quatic

habitatis
inherently

lim
ited

in
the

C
A

W
S

by
the

system
’sform

and
function.

H
abitat

in
the

C
A

W
S

is
significantly

lim
ited

by
the

design
of

the
C

A
W

S,
m

ost
of

w
hich

is
m

anm
ade.

T
he

m
anm

ade
reaches

of
the

C
A

W
S

w
ere

built
to

support
w

astew
ater

effluent
conveyance

and
com

m
ercial

navigation.
T

he
reaches

that
w

ere
once

natural
stream

s
have

been
heavily

m
odified

to
serve

these
purposes

and
the

changes
are

unlikely
to

be
reversed

as
long

as
the

C
A

W
S

needs
to

serve
these

functions.
T

he
form

and
uses

of
the

C
A

W
S

im
pose

severe
lim

itations
on

physical
habitat

in
the

system
.

P
hysicalhabitat

is
relatively

m
ore

im
portant

to
fish

in
the

C
A

W
S

than
dissolved

oxygen.
W

hen
key

physical
habitat

variables
and

dissolved
oxygen

m
etrics

are
statistically

com
pared

to
fish

data
collected

betw
een

2001
and

2008
in

the
C

A
W

S,
it

is
apparentthat

habitat
is

m
uch

m
ore

im
portant

to
fish

than
dissolved

oxygen.
M

ultiple
linear

regression
show

s
that

the
dom

inant
habitat

variables
identified

in
this

study
had

an
r-squared

of
0.48

w
ith

fish,
indicating

that
these

habitat
variables

explain
as

m
uch

as
48%

,
or

about
half,

of
the

variability
in

the
fish

data.

E
xplaining

approxim
ately

h
a
f

o
f the

C
A

W
S

fish
data

variability
is

excellent,
considering

the
n
atu

ral
variability

in
the

fish
data

itseif
A

s
stated

above,
about

half
of

the
variability

in
fish

data
in

the
C

A
W

S
is

explained
by

physical
habitat,

in
particular

certain
key

habitat
variables

identified
in

this
study.

O
f

the
half

of
fish

data
variability

not
explained

by
the

key
habitat

variables,
m

ost
is

explainable
by

natural
variation

in
the

fish
data

from
one

sam
pling

event
to

another
at

each
location.

In
other

w
ords,

fish
sam

ples
exhibit

large
tem

poral
variability

at
any

given
location

in
the

C
A

W
S

and
w

hen
the

portion
of

fish
data

variability
not

explained
by

habitat
is

statistically
analyzed,

it
is

m
ostrelated

to
the

variation
at

sam
pling

locations
over

tim
e,

independent
of

habitat
changes.

•
D

issolved
oxygen

is
relatively

poor
at

explaining
variability

in
fish

data
in

the
C

A
W

S.
D

issolved
oxygen

does
not,

for
the

m
ost

part,
have

a
statistically

significant
relationship

w
ith

fish
in

the
C

A
W

S.
V

arious
m

easures
of

dissolved
oxygen

w
ere

tested,
including

com
pliance

w
ith

existing
and

proposed
w

ater
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quality
standards,

average
and

m
inim

um
D

O
,

and
percent

of
tim

e
below

various
D

O
concentration

thresholds.
T

he
strongest

relationship
identified

betw
een

any
of

these
m

etrics
and

the
fish

data
had

an
r-squared

value
of

0.27,
w

hich
is

about
half

as
good

as
the

key
habitat

variables
identified

in
this

study.
A

ll
other

D
O

m
easures

tested
had

r-squared
values

significantly
low

er
than

this.
T

his
indicates

thatphysical
habitat,

not
w

ater
quality,

is
the

m
ost

lim
iting

factor
for

fish
in

the
C

A
W

S
today.

Som
e

further
elaboration

on
these

conclusions
is

provided
in

the
sections

below
.

8.2
SU

M
M

A
R

Y
O

F
K

E
Y

H
A

B
IT

A
T

V
A

R
IA

B
L

E
S

T
he

process
described

in
S

ections
6

and
7

of
this

report
used

fish
and

habitat
data

collected
from

throughout
the

C
A

W
S

to
identify

the
physical

habitat
variables

m
ost

closely
correlated

w
ith

fish
m

etrics
in

the
C

A
W

S
.

T
hose

variables
are:

•
M

axim
um

depth
of

channel

•
O

ff-channel
bays

•
Percent

of
vertical

w
all

banks
in

reach

•
Percent

ofriprap
banks

in
reach

•
M

anm
ade

structures
in

reach

•
Percent

m
acrophyte

cover
in

reach

M
any

of
these

key
habitat

variables
are

the
result

of
the

m
ajor

functions
that

the
C

A
W

S
serves.

C
hannel

depth,
vertical

w
all

banks,
and

riprap
are

all
the

result
of

the
need

to
support

com
m

ercial
navigation,

effluent
conveyance,

flood
control,

or
all

three.
O

ther
habitat

variables
are

so
uniform

ly
absent

or
of

such
uniform

ly
poor

quality
in

the
C

A
W

S
as

a
result

of
the

origin,
design

and
function

of
the

C
A

W
S

that
they

do
not register

as
im

portant.
T

hese
include

habitat
attributes

that
are

norm
ally

im
portant

in
natural

system
s

such
as

substrate,
in-stream

cover,
floodplain

connectivity,
and

m
orphological

variation.

U
sing

m
ultiple

linear
regression

analyses,
the

key
habitat

variables
listed

above
w

ere
able

to
explain

48%
of

the
variability

in
fish

data
collected

from
the

C
A

W
S

from
2001

—
2007.

A
dditional

analyses
described

in
Section

7.5.2
show

that
m

ost
of

the
variability

in
the

2008
fish

data
not

explained
by

these
physical

habitat
variables

w
as

attributable
to

variability
in

the
fish

sam
pling

results.
D

O
w

as
also

show
n

to
be

relatively
less

im
portant

in
explaining

fish
data

variability
than

these
key

habitat
variables.
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8.3
R

E
L

A
T

IV
E

IM
PO

R
T

A
N

C
E

O
F

PH
Y

SIC
A

L
H

A
B

IT
A

T
IN

T
H

E
C

A
W

S

A
s

stated
above,

the
regression

analysis
presented

in
Section

6.3.3
show

s
that

physical
habitat

alone
can

explain
up

to
48%

of
the

variance
in

fish
data

collected
in

the
C

A
W

S
from

2001
—

2007,
w

hich
is

significantly
better

than
can

be
accom

plished
by

evaluating
w

ater
quality

alone.
In

the
analysis

presented
in

A
ppendix

C
,the

D
O

m
etric

m
ost

highly
correlated

w
ith

fish
data

only
had

an
r-squared

of
0.27,

m
eaning

that
D

O
alone

can
only

explain
27%

of
the

variability
in

the
sam

e
seven

years
of

fish
data.

O
ther

im
portant

findings
include:

•
O

f
the

52%
of

fish
data

variability
that

is
not

explained
by

these
physical

habitat
variables,

as
m

uch
as

70%
of

it
can

be
explained

by
variation

in
fish

sam
pling

results
from

year
to

year.
T

his
m

eans
that

the
fish

m
easured

at
a

location
can

vary
significantly

from
one

sam
ple

event
to

the
next

and
that

this
w

ill
lead

to
an

inherent
variability

in
the

data
that

cannot
be

explained
by

changes
in

independent
variables

such
as

habitat
or

w
ater

quality.

•
T

he
percent

of
tim

e
that

D
O

is
less

than
5

m
gIL

at
a

given
station

in
the

C
A

W
S

from
June

through
Septem

ber,
w

hich
w

as
the

w
ater

quality
m

etric
m

ost
closely

correlated
w

ith
fish,

explains
approxim

ately
3%

of
the

52%
of

the
fish

data
variability

that
is

not
explained

by
the

six
key

physical
habitat

variables.

•
W

hen
the

key
D

O
m

etric
is

included
w

ith
the

six
key

habitat
variables

in
the

regression
w

ith
fish

data,
the

ability
of

the
regression

to
explain

variability
in

fish
data

is
only

increased
by

4%
over

using
habitat

alone.

A
ll

of
these

findings
indicate

that physical
habitat

is
relatively

m
ore

im
portant

than
w

ater
quality

to
fish

in
the

C
A

W
S.

8.4
O

T
H

E
R

R
E

L
E

V
A

N
T

H
A

B
IT

A
T

C
O

N
S

ID
E

R
A

T
IO

N
S

It
should

be
noted

that,
w

hile
the

analysis
conducted

in
this

study
led

to
the

identification
of

key
habitat

variables,
it

is
very

m
uch

a
data-driven

analysis
and

although
tw

o
separate

data
sets

w
ere

used
for

the
quantification

of
the

relationship
betw

een
habitat

and
fish,

and
the

testing
of

thatrelationship,
there

are
alm

ost
certainly

other
habitat

factors
that

are
or

could
be

of
value

to
aquatic

life
in

the
C

A
W

S.
T

hese
m

ay
include

the
follow

ing:

•
S

ubm
erged

structure:
A

s
discussed

elsew
here

in
this

report,
no

com
plete

data
on

subm
erged

structure
w

ere
collected

in
this

Study,
although

pilot
testing

of
side

s
can

sonar
indicates

that
there

m
ay

be
value

in
using

that
technology

to
im

age
subsurface

conditions
and

identify
subm

erged
structure.

If
subm

erged
structure

can
be

quantified
and

if
there

is
sufficient

subm
erged

structure
in

the
C

A
W

S
to

support
statistical

analysis,
itm

ay
be

possible
to

identify
a

relationship
betw

een
subm

erged
structure

and
fish

in
the

C
A

W
S.
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•
O

ff-channel
habitat:

B
ecause

of
the

channelized,
constructed,

and
urban

nature
of

the
C

A
W

S
,

there
is

little
connected,

off-channel
habitat.

S
uch

areas
can

provide
habitat

for
different

life
stages

of
fish

as
w

ell
as

refuge.
In

the
C

A
W

S
,

they
m

ay
provide

shelter
from

boat
w

akes.
In

the
general

absence
of

such
features,

it
is

not
possible

to
evaluate

their
potential

value
to

aquatic
life

in
the

C
A

W
S

at
present,

because
insufficient

data
exist.

•
N

avigation:
A

lthough
there

are
insufficient

data
at

present
to

quantify
the

specific
effects

of
navigation

on
fish

in
the

C
A

W
S

,
the

im
pacts

alm
ost

certainly
are

occurring
and

cannot
be

ignored.
F

urther
research

w
ould

be
required

to
docum

ent
and

quantify
these

im
pacts,

but
navigation

clearly
presents

significant
lim

itations
to

aquatic
biota

in
the

C
A

W
S

,
both

through
lim

itations
im

posed
on

physical
habitat

and
through

direct
effects.

T
he

channel
design/m

odification
to

support
navigation

presents
significant

lim
itations

to
the

habitat
im

provem
ent

potential
in

the
C

A
W

S
.

W
hile

these
and

other
aspects

of
physical

habitat
are

not
represented

in
the

C
A

W
S

habitat
index,

it
does

not
m

ean
that

they
are

not
im

portant,
it

sim
ply

m
eans

that
they

either
are

not
present

in
sufficient

quantity
w

ithin
the

C
A

W
S

or
have

not
been

fully
m

easured
to

date.
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.
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td.

G
reenberg,

J.,
2002.

A
N

atu
ral

H
istory

o
f the

C
hicago

R
egion.

T
he

U
niversity

of
C

hicago
P

ress.

G
utreuter,

S.,
D

ettm
ers,

J.
M

.,
and

W
ahl,

D
.

H
.,

2003.
“E

stim
ating

M
ortality

R
ates

of
A

dult
F

ish
F

rom
E

ntrainm
ent

T
hrough

the
P

ropellers
of

R
iver

T
ow

boats,”
T

ransactions
of

the
A

m
erican

F
isheries

S
ociety,

V
ol.

132,
pp.

646-661.

H
all,

L
.W

.,
M

organ,
R

.P
.,

P
erry,

E
.S

.,
and

W
altz,

A
.,

1999.
D

evelopm
ent

o
fa

P
rovisional

P
hysical

H
ab

itat
Index

fo
r

M
aryland

F
reshw

ater
S

tream
s.

A
nnapolis,

M
D

:
M

aryland
D

epartm
ent

of
N

atural
R

esources.
1999.

H
ill,

L
ibby.

2000.
T

he
C

hicago
R

iver:
A

N
atural

and
U

nnatural
H

istory.
C

hicago:
L

ake
C

larem
ont

P
ress.

2000.

L
im

noT
ech

Page
147

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatEvaluation

R
eport

January
4,2010

H
olland,

L.
E

.,
1987.

“E
ffect

of
B

rief
N

avigation-R
elated

D
ew

aterings
on

F
ish

E
ggs

and
L

arvae,”
N

orth
A

m
erican

Journal
of

F
isheries

M
anagem

ent,
V

ol.
7,

pp.
145-147.

Illinois
D

epartm
ent

of
N

atural
R

esources
(ID

N
R

),
2000.

“D
raft

M
anual

for
C

alculating
Index

of
B

iotic
Integrity

S
cores

for
S

tream
s

in
Illinois.”

K
arr,

J.
R

.,
1981.

“A
ssessm

ent
of

B
iotic

Integrity
U

sing
F

ish
C

om
m

unities,”
F

isheries,
V

ol.
6,

N
o.6.,

pp.
21-27.

K
arr,

J.
R

.,
1995.

“P
rotecting

A
quatic

E
cosystem

s:
C

lean
W

ater
Is

N
ot

E
nough,”

B
iologicalA

ssessm
ent

and
C

riteria:
T

oolsfo
r

W
ater

R
esource

P
lanning

and
D

ecision
M

aking.
W

.
S.

D
avis,

and
T.

P.
S

im
on,

eds.,
L

ew
is

P
ublishers,

pp.
7-

13.

K
arr,

J.
R

.,
and

Y
oder,

C
.

0
.,

2004.
“B

iological
A

ssessm
ent

and
C

riteria
Im

prove
T

otal
M

axim
um

D
aily

L
oad

D
ecision

M
aking,”

Jo
u

rn
al

o
f E

nvironm
ental

E
ngineering,

V
ol.

130,
N

o.6.,
pp.

594-604.

K
aufm

ann,
P.

R
.,

2000.
“P

hysical
H

abitat
C

haracterization
-

N
on-W

adeable
R

ivers,”
E

nvironm
entalM

onitoring
and

A
ssessm

entP
rogram

-
S

urface
W

aters:
F

ield
O

perations
and

M
ethodsfo

r
M

easuring
the

E
cological

C
ondition

o
f N

o
n

W
adeable

R
ivers

and
S

tream
s.

I.
M

.
L

azorchak,
B

.
H

.
H

ill,
D

.
K

.
A

verill,
D

.
V

.
P

eck,
and

D
.

I.
K

lem
m

,
eds.,

U
S

E
nvironm

ental
P

rotection
A

gency,
C

incinnati,
O

hio.

K
ennen,

J.
G

.,
C

hang,
M

.,
and

T
racy,

B
.

H
.,

2005.
“E

ffects
of

L
andscape

C
hange

on
F

ish
A

ssem
blage

S
tructure

in
a

R
apidly

G
row

ing
M

etropolitan
A

rea
in

N
orth

C
arolina,

U
SA

,”
E

ffects
o

f
U

rbanization
on

S
tream

E
cosystem

s.
L.

R
.

B
row

n,
R

.
H

.
G

ray,
R

.
H

.
H

ughes,
and

M
.

R
.

M
eador,

eds.,
A

m
erican

F
isheries

S
ociety,

S
ym

posium
47,

B
ethesda,

M
aryland.

pp.
39-52.

K
ohler,

C
.C

.
and

H
ubert,

W
.A

.,
eds.

1999.
Inland

F
isheries

M
anagem

ent
in

N
orth

A
m

erica,
S

econd
E

dition.
A

m
erican

F
isheries

S
ociety,

B
ethesda,

M
aryland.

L
yons,

J.,
P

iette,
R

.
R

.,
and

N
ierm

eyer,
K

.
W

.,
2001.

“D
evelopm

ent,
V

alidation,
and

A
pplication

of
a

F
ish-B

ased
Index

of
B

iotic
Integrity

for
W

isconsin’s
L

arge
W

arm
w

ater
R

ivers,”
T

ransactions
ofthe

A
m

erican
F

isheries
Society,

V
ol.

130,
pp.

1077-1094.

M
acD

onald,
D

.
D

.,
and

Ingersol,
C

.
G

.,
2002.

“A
G

uidance
M

anual
to

S
upport

the
A

ssessm
ent

of
C

ontam
inated

S
edim

ents
in

F
reshw

ater
E

cosystem
s,

V
olum

e
1.”

R
ep.

N
o.

E
P

A
-905-B

02-001-A
,

U
S

E
P

A
.

M
cM

ahon,
T

.
E

.,
Z

ale,
A

.
V

.,
and

O
rth,

D
.

J.,
1996.

“A
quatic

H
abitat

M
easurem

ents,”
F

isheries
T

echniques.
B

.
R

.
M

urphy,
and

D
.

W
.

W
illis,

eds.,
A

m
erican

F
isheries

S
ociety,

B
ethesda,

M
aryland.

pp.
83-120.

L
im

noT
ech

Page
148

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatEvaluation

R
eport

January
4,2010

M
erritt,

R
.

W
.,

A
llan,

J.
D

.,
C

um
m

ins,
K

.
W

.,
W

essell,
K

.
J.,

and
W

ilhelm
,

J.
0
.,

2005.
“Q

ualitative
B

iological
and

H
abitat

P
rotocols

for
M

ichigan’s
N

o
n

W
adeable

R
ivers.”

M
ichigan

D
epartm

ent
of

E
nvironm

ental
Q

uality.
L

ansing,
M

ichigan.

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

(D
istrict).

A
m

bient
W

ater
Q

uality
M

onitoring
Q

uality
A

ssurance
P

roject
P

lan,
R

evision
2.].

N
ovem

ber
1,

2007.

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

(D
istrict)

2008.
D

escription
of

the
C

hicago
W

aterw
ay

System
fo

r
the

U
se

A
ttainability

A
nalysis.

D
istrict

R
esearch

and
D

evelopm
ent

D
epartm

ent
R

eport
N

o.
08-15.

M
arch

2008.

M
inarik,

T
hom

as.
E

-m
ail

correspondence
to

L
im

noT
ech

dated
S

eptem
ber

4,
2009.

M
inarik,

T
.A

.,
J.L

.
W

asik,
M

.
S

opcak,
and

S.G
.

D
ennison.

C
ontinuous

D
issolved

O
xygen

M
onitoring

in
the

D
eep

D
raft

C
hicago

W
aterw

ay
System

D
uring

2007.
M

W
R

D
G

C
R

esearch
and

D
evelopm

ent
D

epartm
ent.

A
ugust

2008.

M
organ,

R
.

P.
I.,

U
lanow

icz,
R

.
E

.,
R

asin,
V

.
J.

Jr.,
N

oe,
L.

A
.,

and
G

ray,
G

.
B

.,
1976.

“E
ffects

of
S

hear
on

E
ggs

and
L

arvae
of

S
triped

B
ass,

M
orone

S
axatilis,

and
W

hite
P

erch,
M

.
A

m
ericana,”

T
ransactions

of
the

A
m

erican
F

isheries
S

ociety,
V

ol.
1,pp.

149-154.

O
hio

E
nvironm

ental
P

rotection
A

gency
(O

E
P

A
),

1989.
“B

iological
C

riteria
for

the
P

rotection
of

A
quatic

L
ife.

V
ol.

III.
S

tandardized
F

ield
S

am
pling

and
L

aboratory
M

ethods
for

A
ssessing

Fish
S

am
pling

and
M

acroinvertebrate
C

om
m

unities.”
O

hio
E

nvironm
ental

P
rotection

A
gency,

D
ivision

of
W

ater
Q

uality
M

onitoring
and

A
ssessm

ent.
C

olum
bus,

O
hio.

O
rth,

D
.J.

and
R

.J.
W

hite
1999.

“S
tream

H
abitat

M
anagem

ent”
C

hapter
]0

of Inland
F

isheries
M

anagem
ent

in
N

orth
A

m
erica

(2tu
1

E
d
.).

B
ethesda,

M
D

:
A

m
erican

F
isheries

S
ociety,

1999.

P
enczak,

T
.,

O
’H

ara,
K

.,
and

K
ostrzew

a,
1.,

2002.
“Fish

B
ioenergetics

M
odel

U
sed

for
E

stim
ation

of
F

ood
C

onsum
ption

in
a

N
avigation

C
anal

W
ith

H
eavy

T
raffic,”

H
ydrobiologia,

V
ol.

479,
pp.

109-123.

P
ott,

D
.

B
.,

2009.
“T

echnical
M

em
orandum

N
o.

1:
C

haracterization
of

the
M

acroinvertebrate
C

om
m

unity.”
B

aetis
E

nvironm
ental

S
ervices,

Inc.
C

hicago,
Illinois.

R
abeni,

C
.

F.,
and

Jacobson,
R

.
B

.,
1999.

“W
arm

w
ater

S
tream

s,”
Inland

F
isheries

M
anagem

ent
in

N
orth

A
m

erica
S

econd
E

dition.
C

.
C

.
K

ohler,
and

W
.

A
.

H
ubert,

eds.,
A

m
erican

F
isheries

S
ociety,

B
ethesda,

M
aryland.

pp.
505-528.

L
im

noT
ech

Page
149

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatEvaluation

R
eport

January
4,2010

R
am

ey,
H

.P
.,

1953.
D

iversion
o

f
W

ater
F

rom
L

ake
M

ichigan.
N

o
publisher

inform
ation

available.

R
ankin,

E
.

T
.,

1989.
“T

he
Q

ualitative
H

abitat
E

valuation
Index

(Q
H

E
I):

R
ationale,

M
ethods

and
A

pplication.”
O

hio
E

nvironm
ental

P
rotection

A
gency,

D
ivision

of
W

ater
Q

uality
P

lanning
and

A
ssessm

ent.
C

olum
bus,

O
hio.

R
ankin,

E
.

T
.,

1995.
“C

hapter
13:

H
abitat

Indices
in

W
ater

R
esource

Q
uality

A
ssessm

ents,”
B

iologicalA
ssessm

ent
and

C
riteria

T
ools fo

r
W

ater
R

esource
P

lanning
and

D
ecision

M
aking.

W
.

S.
D

avis,
and

T
.

P.
S

im
on,

eds.,
L

ew
is

P
ublishers,

pp.
18

1-208.

R
ankin,

E
.

T
.,

2004.
“A

nalysis
of

P
hysical

H
abitat

Q
uality

and
L

im
itations

to
W

aterw
ays

in
the

C
hicago

A
rea.”

R
eash,

R
.

J.,
1999.

“C
onsiderations

for
C

haracterizing
M

idw
estern

L
arge-R

iver
H

abitats,”
A

ssessing
the

S
ustainabilily

and
B

iologicalIntegrity
of

W
ater

R
esources

U
sing

F
ish

C
om

m
unities.

T
hom

as
P

.S
im

on,
ed.,

C
R

C
P

ress,
pp.

463-473.

R
esh,

V
.H

.,
A

.V
.

B
row

n,
A

.P
.

C
ovich,

M
.E

.
G

urtz,
H

.W
.L

i,
G

.W
.

M
inshall,

S.R
.

R
ice,

A
.L

.
S

heldon,
J.B

.
W

allace,
and

R
.C

.
W

issm
ar

1988.
T

he
R

ole
of

D
isturbance

in
S

tream
E

cology.
Journal

of
the

N
orth

A
m

erican
B

enthological
S

ociety.
V

ol.
7,

N
o.

4,
pp433-4S

5.
1988.

R
oset,

N
.,

G
renouillet,

G
.,

G
offaux,

D
.,

P
ont,

D
.,

and
K

estem
ont,

P.,
2007.

“A
R

eview
of

E
xisting

F
ish

A
ssem

blage
Indicators

and
M

ethodologies,”
F

isheries
M

anagem
ent

an
d

E
cology,

V
ol.

14,
pp.

393-405.

R
osgen,

D
.

1996.A
pplied

R
iver

M
orphology.

P
agosa

S
prings,

C
O

:
W

ildland
H

ydrology,
1996.

S
chram

m
,

H
.

Jr.,
M

innis,
R

.
B

.,
S

pencer,
A

.
B

.,
and

T
hee!,

R
.

T
.,

2008.
“A

quatic
H

abitat
C

hange
in

the
A

rkansas
R

iver
A

fter
the

D
evelopm

ent
of

a
L

o
ck

-an
d

D
am

C
om

m
ercial

N
avigation

S
ystem

,”
R

iver
R

esearch
and

A
pplications,

V
ol.

24,
pp.

237-248.

S
heehan,

R
.

J.,
and

R
asm

ussen,
J.

L
.,

1999.
“L

arge
R

ivers,”
Inland

F
isheries

M
anagem

ent
in

N
orth

A
m

erica.
C

hristopher
C

.K
ohler,

and
W

ayne
A

.H
ubert,

eds.,
A

m
erican

F
isheries

S
ociety,

B
ethesda,

M
aryland.

S
hort,

T
.M

.,
E

.M
.

G
iddings,

H
.

Z
appia,

and
J.F.

C
oles

2005.
U

rbanization
E

ffects
on

S
tream

H
abitat

C
haracteristics

in
B

oston,
M

assachusetts;
B

irm
ingham

,
A

labam
a;

and
S

altL
ake

C
ity,

U
tah.

A
m

erican
F

isheries
S

ociety
S

ym
posium

.
V

ol.
47,

pp3l7-332.
2005.

L
im

noT
ech

Page
150

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatEvaluation

R
eport

January
4,2010

S
im

on,
T

.
P.,

and
L

yons,
J.,

1995.
“A

pplication
of

the
Index

of
B

iotic
Integrity

to
E

valuate
W

ater
R

esource
Integrity

in
F

reshw
ater

E
cosystem

s,”
B

iological
A

ssessm
ent

an
d

C
riteria:

T
oolsfo

r
W

ater
R

esource
P

lanning
and

D
ecision

M
aking.

W
.

S.
D

avis,
and

T.
P.

S
im

on,
eds.,

L
ew

is
P

ublishers,
pp.

245-262.

S
im

on,
T

.
P.,

and
S

anders,
R

.
E

.,
1999.

“A
pplying

an
IB

I
B

ased
on

G
reat-R

iver
F

ish
C

om
m

unities,”
A

ssessing
the

S
ustainabiliry

and
B

iological
Integrity

of
W

ater
R

esources
U

sing
F

ish
C

om
m

unities.
T

.P
.S

im
on,

ed.,
C

R
C

P
ress,

B
oca

R
aton,

F
lorida.

pp.
475-505.

S
olzm

an,
D

.M
.

2006.
T

he
C

hicago
R

iver:
A

n
Illustrated

H
istory

and
G

uide
to

the
R

iver
and

its
W

aterw
ays,

2nd
edition.

C
hicago:

U
niversity

of
C

hicago
P

ress.

S
m

ogor,
R

.A
.

and
P

.L
.

A
ngerm

eier
1999.

“R
elations

B
etw

een
Fish

M
etrics

and
M

easures
of

A
nthropogenic

D
isturbance

in
T

hree
IB

I
R

egions
in

V
irginia.”

C
hapter

23
ofA

ssessing
the

S
ustainability

and
B

iological
Integrity

o
f

W
ater

R
esources

U
sing

F
ish

C
om

m
unities.

B
oca

R
aton,

FL
:

C
R

C
Press.

T
ate,

C
.,

T
.F.

C
ufney,

G
.

M
acM

ahon,
E

.P.
G

iddings,
J.F.

C
oles,

and
H

.
Z

appia
2005.

U
se

o
fan

U
rban

Intensity
Index

to
A

ssess
U

rban
E

ffects
on

S
tream

s
in

T
hree

C
ontrasting

E
nvironm

entalS
ettings.

A
m

erican
F

isheries
S

ociety
S

ym
posium

.
V

ol.
47,

p
p

2
9

l-3
l5

.
2005.

U
nited

S
tates

E
nvironm

ental
P

rotection
A

gency
(U

S
E

P
A

),
2005.

“D
raft

U
se

of
B

iological
Inform

ation
to

B
etter

D
efine

D
esignated

A
quatic

L
ife

U
ses

in
S

tate
and

T
ribal

W
ater

Q
uality

S
tandards:

T
iered

A
quatic

L
ife

U
ses.”

U
nited

S
tates

E
nvironm

ental
P

rotection
A

gency
(U

S
E

P
A

).”C
ontam

inated
S

edim
ent

in
W

ater:
B

asic
Inform

ation,”
M

ay
18,

2008.
A

ccessed
online

at
http://w

w
w

.epa.gov/w
aterscience/cs/aboutcs/

on
M

ar.
19,

2009.

W
aters,

T
.

F.
1995.

S
edim

ent
in

S
tream

s:
S

ources,
B

iologicalE
ffects,

and
C

ontrol,
A

m
erican

F
isheries

S
ociety

M
onograph

7.
B

ethesda,
M

aryland.

W
eigel,

B
.

M
.,

L
yons,

J.,
and

R
asm

ussen,
P.

W
.,

2006.
“Fish

A
ssem

blages
and

B
iotic

Integrity
of

a
H

ighly
M

odified
F

loodplain
R

iver,
T

he
U

pper
M

ississippi,
and

a
L

arge,
R

elatively
U

nim
pacted

T
ributary,

T
he

L
ow

er
W

isconsin,”
R

iver
R

esearch
an

d
A

pplications,
V

ol.
22,

pp.
923-936.

W
esche,

T
.

A
.,

and
Isaak,

D
.

J.,
1999.

“W
atershed

M
anagem

ent
and

L
and

U
se

P
ractices,”

In
lan

d
F

isheries
M

anagem
ent

in
N

orth
A

m
erica,

2nd
E

dition.
C

.
C

.
K

ohler,
and

W
.

A
.

H
ubert,

eds.,
A

m
erican

F
isheries

S
ociety,

B
ethesda,

M
aryland.

pp.
217-248.

W
ilhelm

,
J.

G
.

0
.

2002.
“A

H
abitat

R
ating

S
ystem

for
N

on-W
adeable

R
ivers

of
M

ichigan.”
M

aster
of

S
cience,

U
niversity

of
M

ichigan.

L
im

noT
ech

Page
151

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Evaluation

R
eport

January
4, 2010

W
ilhelm

,
J.G

.O
.,

J.D
.

A
llan,

K
.J.

W
essell,

R
.M

.
M

erritt,
and

K
.W

.
C

um
m

ins
2005.

H
abitatA

ssessm
entof N

on-W
adeable

R
ivers

in
M

ichigan.
E

nvironm
ental

M
anagem

ent.
V

ol.
36,

N
o.

4,
pp592-609.

2005.

W
olter,

C
.,

2001.
“C

onservation
of

F
ish

S
pecies

D
iversity

in
N

avigable
W

aterw
ays,”

L
andscape

and
U

rban
P

lanning,
V

ol.
53,

pp.
135-144.

W
olter,

C
.

and
R

.
A

rlinghaus
2003.N

avigation
im

pacts
onfreshw

aterfish
assem

blages:
the

ecological
relevance

of sw
im

m
ing

perform
ance.

R
eview

s
in

F
ish

B
iology

and
F

isheries.
V

ol.
13,p

p
6

3
-8

9
.

2003.

W
olter,

C
.,

A
rlinghaus,

R
.,

S
ukhodolov,

A
.,

and
E

ngelhardt,
C

.,
2004.

“A
M

odel
of

N
avigation-Induced

C
urrents

in
Inland

W
aterw

ays
and

Im
plications

for
Juvenile

F
ish

D
isplacem

ent,”
E

nvironm
ental

M
anagem

ent,
V

ol.
34,

N
o.5.,

pp.
656-668.

W
ysocki,

L.
E

.,
D

ittam
i,

J.
P.,

and
L

adich,
F.,

2006.
“S

hip
N

oise
and

C
ortisol

S
ecretion

in
E

uropean
F

reshw
ater

F
ishes,”

B
iological

C
onservation,

V
ol.

128,

pp.
501-508.

L
im

noT
ech

Page
152

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatEvaluation

R
eport

January
4,2010

A
PPE

N
D

IX
A

:

R
E

P
O

R
T

O
N

FISH
M

E
T

R
IC

SE
L

E
C

T
IO

N
FO

R
T

H
E

C
A

W
S

H
A

B
ITA

T
E

V
A

L
U

A
T

IO
N

A
N

D
IM

PR
O

V
E

M
E

N
T

ST
U

D
Y

L
im

noT
ech

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatEvaluation

R
eport

January
4,2010

T
his

page
is

bL
ank

to
facilitate

double
sided

p
rin

tin
g

L
im

noT
ech

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




