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exists,
so

the
concept

of
bankfull

flow
is

not
m

eaningful
in

this
system

.

•
L

arge
w

oody
debris

w
as

elim
inated

because
large

w
oody

debris
is

intentionally
rem

oved
by

m
aintenance

crew
s

from
m

ost
of

the
system

.

•
M

any
variables

w
ere

elim
inated

due
to

the
lack

of
data,

including
m

any
variables

that
characterize

bed
conditions.

Som
e

substrate
variables

w
ere

retained,
but

the
depth

and
turbidity

of
the

system
do

not
allow

direct
observation

of
bed

conditions
and

grab
sam

pling
can

only
yield

lim
ited

data.

T
his

screening
process

w
as

affected
largely

by
the

nature
of

the
C

A
W

S
and

the
conditions

therein.
A

s
stated

above,
the

table
in

A
ppendix

C
provides

a
sum

m
ary

of
the

reasons
for

elim
inating

variables
at

this
stage.

T
he

habitat
variable

list
w

as
reduced

from
241

to
66

in
this

step.

D
i

C
orrelation

A
nalysis

of
H

abitat
V

ariables

C
orrespondence

analysis
w

as
used

to
identify

variables
that

are
highly

correlated
w

ith
each

other
and

that
m

ay
be

redundant.
T

he
66

variables
rem

aining
after

qualitative
screening

w
ere

then
statistically

analyzed
using

Spearm
an’s

correlation
analysis.

T
his

revealed
variables

w
ithin

each
of

the
five

categories
that

w
ere

significantly
correlated

w
ith

each
other

w
ith

a
correlation

coefficient
of

0.7
or

greater.
M

atrices
of

Spearm
an

correlation
coefficients

for
each

of
the

five
habitat

variable
categories

are
included

in
A

ppendix
E

,
along

w
ith

a
table

listing
the

variables
evaluated

in
the

correlation
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analysis
and

notations
on

variables
elim

inated
in

this
step.

In
selecting

betw
een

tw
o

correlated
habitat

variables,
correlation

of
the

habitat
variables

w
ith

fish
m

etrics,
coefficients

of
variation

of
habitat

variables,
and

potential
to

be
im

proved
in

the
C

A
W

S
w

ere
also

considered.
O

ne
habitat

variable
w

as
selected

from
each

set
of

correlated
variables,

considering
both

degree
of

variation
(higher

coefficients
of

variation
w

ere
preferred)

and
correlation

w
ith

fish
(stronger

correlation
w

ith
fish

w
as

preferred).
T

his
process

elim
inated

22
habitat

variables.

D
uring

this
step

it w
as

also
noted

that
several

variables
represented

sim
ilar

habitat
conditions

in
the

system
:

•
H

abitat
variables

representing
percent

concrete
w

alls, percent
steel

sheetpile
w

alls,
percent

stone
block

w
alls,

and
percent

w
ooden

bulkhead
w

alls
all

represent
conditions

w
here

banks
consist

of
vertical

w
alls.

T
hese

variables
w

ere
com

bined
to

a
new

single
variable

to
represent

the
functional

effect
of

these
conditions

on
fish.

•
Sim

ilarly,
tw

o
variables

connected
off-channel

open
w

ater
and

m
arinas

represent
conditions

w
here

solid
banks

open
to

larger
connected

w
ater

areas
and

w
ere

com
bined

to
a

single
variable.

•
T

w
o

separate
variables

representing
num

ber
of

N
P

D
E

S
-perm

itted
C

SO
discharges

and
num

ber
of

other
non-C

SO
N

PD
E

S
perm

itted
discharges

w
ere

com
bined

to
a

single
variable.

T
hese

reductions
further

reduced
the

set
of

habitat
variables

by
5,

w
hich

left
39

habitat
variables

to
carry

forw
ard

in
the

process.
T

w
o

anthropogenic
variables

representing
distance

from
L

ake
M

ichigan
and

com
m

ercial
tonnage

passing
w

ere
highly

correlated
(Spearm

an’
s

coefficient
=

0.733;
p

<
0.0001),

but
both

w
ere

carried
forw

ard
because

both
w

ere
suspected

of
possibly

affecting
fisheries

based
on

data
observations

and
the

desire
to

be
able

to
exam

ine
both

subsequently.
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T
able

D
-1:

V
ariables

U
sed

in
P

rincipal
C

om
ponents

A
nalysis.

V
ariable

C
ategory

H
abitat

V
ariable

G
eom

orphology
&

H
ydrology
8

F
lashiness

index
(ratio

of
10%

to
90%

exceedance
flow

s)

M
axim

um
velocity

A
verage

velocity

W
etted

perim
eter

of
channel

M
axim

um
depth

in
reach

N
um

ber
of

tributary,
backw

ater,
and

off-channel
habitats

from
field

observation

N
um

ber
of

off-channel
bays

(areas
isolated

from
m

ain
channel

>5
sq.

m
.

B
ank

pockets’
or

sim
ilar

areas
that

m
ay

serve
as

fish
refuge

along
banks

S
edim

ent
&

S
ubstrate

D
om

inant
substrate

in
shallow

part
of

channel

D
om

inant
substrate

in
deep

part
of

channel
%

H
ardpan,

shallow

%
H

ardpan,
deep

%
S

and
and

fines,
shallow

%
S

and
and

fines,
deep

G
ravel,

cobbles,
boulders,

shallow

%
G

ravel,
cobbles,

boulders,
deep

%
Plant

debris
on

bed,
from

D
istrict

PH
A

%
O

rganic
sludge,

from
D

istrict
PH

A

D
epth

of
fines,

from
D

istrict
PH

A

In-Stream
C

over
N

um
ber

of
aquatic

vegetation
types

A
verage

m
acrophyte

cover

In-stream
cover

present

%
of

canopy
over

w
ater

in
reach

—
field

m
easured

S
ecchi

depth

B
ank

&
R

iparian
C

ondition
D

om
inant

riparian
land

use

B
ank

angle

%
N

atural
banks

in
reach

(earth
banks

w
ith

vegetation)

%
V

ertical
w

alled
banks

in
reach

(steel,
w

ood,
stone,

etc.)

%
R

iprap
banks

in
reach

%
B

ank
length

occupied
by

open
w

ater
(m

arinas,
etc.)

%
R

iparian
vegetation

A
nthropogenic

Im
pacts

M
anm

ade
structures

(bridge
abutm

ents,
dolphins,

etc.)

N
um

ber
of

N
PD

E
S

discharges

D
istance

from
L

ake
M

ichigan

D
istance

to
nearest

w
astew

ater
treatm

ent
plant

C
adm

ium
concentration

in
sedim

ent

T
otal

PC
B

concentration
in

sedim
ent

S
im

ultaneously
extracted

m
etals

in
sedim

ent

8
A

ll
hydrologic

variables
w

ere
determ

ined
from

D
U

F
L

O
W

m
odel

output.
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D
.2

P
rin

cip
le

C
o
m

p
o
n
en

t
A

n
aly

sis
of

H
ab

itat
V

ariab
les

Principal
com

ponent
analysis

(PC
A

)
w

as
used

to
further

reduce
the

list
of

variables
from

the
39

rem
aining

after
correlation

analysis.
PC

A
is

a
statistical

technique
com

m
only

used
to

identify
w

hich
variables

explain
the

m
ost

variance
in

the
data

set.
It

is
frequently

used
to

analyze
habitat

and
biological

data
(B

locksom
and

F
lotem

ersch,
2005;

Fitzpatrick
et

al.,
1998;

H
all

et
al.,

1999;
W

ilhelm
et

al.,
2005).

T
he

PC
A

w
as

conducted
on

each
of

the
five

variable
categories

independently,
because

of
a

desire
to

retain
at

least
one

variable
from

each
category

for
the

m
ultiple

linear
regression.

T
he

variables
representing

presence
or

absence
of

in-stream
cover

and
high

navigation
w

ere
not

included
in

the
PC

A
,

because
they

are
categorical

variables.
P

rocedures
for

using
categorical

and
continuous

variables
together

in
PC

A
are

not
w

ell
established

and
m

ay
give

m
isleading

results.
T

he
variables

used
in

the
PC

A
are

listed
in

T
able

D
-l.

PC
A

is
a

variable
reduction

procedure
used

to
transform

a
set

of
variables

into
new

,
artificial

variables
that

are
notcorrelated

to
each

other.
B

y
transform

ing
the

original
variables

into
new

,
non-correlated

variables,
the

am
ount

of
data

variance
explained

by
each

new
variable

can
be

calculated.
E

ach
of

the
new

,
transform

ed
variables

is
called

a
principal

com
ponent

or
principal

com
ponent

“axis”
and

the
m

ethod
is

structured
to

identify
w

hich
principal

com
ponent

explains
m

ost
of

the
data

variation
(called

the
first

principal
com

ponent),
w

hich
explains

the
second

m
ostdata

variation
(called

the
second

principal
com

ponent),
and

so
on.

T
he

m
ethod

also
calculates

the
w

eight
w

ith
w

hich
each

original
variable

is
associated

w
ith

each
principal

com
ponent,

using
linear

algebra
to

calculate
each

variable’s
eigenvalue.

T
he

eigenvalue
of

each
variable

is
referred

to
as

its
“load”

and
the

original
variable

that
has

the
highest

load
on

a
given

principal
com

ponent
axis

is
the

variable
m

ost
strongly

associated
w

ith
that

axis.
O

riginal
variables

that
have

relatively
low

loads
on

principal
com

ponents
axis

are
the

variables
that

are
m

ore
highly

correlated
w

ith
other

variables,
suggesting

that
they

can
be

elim
inated

w
ithout

losing
significant

explanatory
pow

er
of

the
data.

T
he

plots
in

Figure
D

-1
(called

scree
plots)

show
som

e
of

the
results

of
the

PC
A

,
including

the
follow

ing:

•
T

he
num

ber
of

colum
ns

on
each

plot
indicates

how
m

any
principal

com
ponent

axes
w

ere
needed

to
explain

100%
of

the
variance

in
the

data.

•
T

he
height

of
the

colum
ns

indicates
the

eigenvalue
or

principal
com

ponent
load

for
each

axis,
w

hich
w

as
used

as
a

screening
m

easure
to

indicate
how

m
any

axes
to

use
in

variable
retention.

V
ariables

w
ere

retained
only

from
axes

w
ith

eigenvalues
of

1
or

greater.

•
T

he
line

plots
show

the
cum

ulative
proportion

of
variance

explained
by

the
principle

com
ponents.
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In
P

C
A

,
it

is
generally

desirable
to

have
the

first
three

or
four

axes
explain

m
ost

of
the

data
variance.

In
the

case
of

the
C

A
W

S
habitat

data,
betw

een
tw

o
and

four
axes

w
ere

required
to

explain
m

ore
than

70%
of

the
data

variance,
as

outlined
below

.

G
eom

orphology
and

hydrology
variables:

T
he

first
four

axes
of

the
PC

A
explained

76%
of

the
data

variance
and

inclusion
of

a
fifth

axis
did

not
significantly

im
prove

the
variance

explained.
T

his
indicates

that
the

m
ajority

of
the

variability
of

the
nine

variable
set

can
be

described
w

ith
few

er
than

nine
variables.

T
o

ensure
that

w
e

selected
variables

that
described

the
variance

of
the

com
plete

data
set

w
ell,

w
e

chose
to

elim
inate

variables
w

ith
low

loading
on

the
first

four
axes.

A
fter

review
ing

the
PC

A
results,

three
variables

w
ere

elim
inated

from
this

category.

•
Sedim

ent
variables:

T
he

first
four

axes
of

the
PC

A
in

this
category

also
explained

76%
of

the
data

variance
for

this
category,

suggesting
retention

of
at

least
four

variables
from

this
category.

T
w

o
of

the
variables,

representing
organic

sludge
and

plant
debris,

scored
very

close
to

each
other,

so
the

decision
w

as
m

ade
to

com
bine

these
tw

o
into

a
single

variable
representing

organic
sedim

ent.
Six

variables
w

ere
elim

inated
from

this
category

based
on

the
PC

A
results.

•
O

verhanging
and

in-stream
cover

variables:
T

he
first

tw
o

PC
A

axes
explained

80%
of

the
data

variance,
suggesting

that
tw

o
of

the
four

variables
could

be
elim

inated.
H

ow
ever,

because
of

the
perceived

im
portance

of
in-stream

cover
in

the
system

,
only

one
variable

w
as

elim
inated

from
this

group.

•
B

ank
and

riparian
variables:

T
he

first
three

PC
A

axes
explained

73%
of

data
variance.

C
lose

ranking
am

ong
variables

indicated
retention

of
m

ore
than

three
variables,

so
only

tw
o

variables
w

ere
elim

inated
from

this
group.

•
A

nthropogenic
variables:

T
he

firstthree
axes

explained
74%

of
data

variance,
suggesting

retention
of

three
variables

from
this

group;
four

variables
w

ere
elim

inated.

T
he

results
of

the
P

C
A

screening
of

habitat
variables

are
sum

m
arized

in
T

able
D

-2.
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G
eom

orphology&
H

ydrology
V

ariables
S

edim
ent

&
S

u
b
strate

V
ariables

E
igenvalue

C
um

ulative
proportion

of
variance

E
igenvalue

—
—

C
um

ulative
proportion

vf
variance

1
2
3
4
5
6
7
8
9

_
_
_
_

5
6
7
8
9
1
1

U

PC
axis

PC
a,os

O
verhanging

&
In

stream
C

over
V

ariables
B

ank
and

R
iparian

V
ariables

E
igenvalue

—
C

urnulative
proportion

of
variance

E
lgenvalue

—
—

C
um

ulative
proportion

of
variance

2
S

1
O

I __________________________

PC
axis

PC
aa,s

A
nthropogenicV

ariables

E
igenvalue

C
um

ulative
P

roportion
of

V
ariance

I
PC

3X
iS

F
igure

D
-1:

P
rincipal

C
om

ponents
A

nalysis
S

cree
P

lots
for

C
A

W
S

H
abitat

V
ariables.
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T
able

D
-2:

R
esults

of
S

creening
H

abitat
V

ariables
U

sing
P

rincipal
C

om
ponents

A
nalysis.

V
ariable

C
ategory

H
abitat

V
ariable

G
eom

orphology
&

H
ydrology

F
lashiness

index
R

etained
M

axim
um

velocity
E

lim
inated:

even
w

ith
F

lashiness
on

PC
3,

correl,
w

/nav.
A

verage
velocity

E
lim

inated:
rel.

low
load

on
all

PC
axes

W
etted

perim
eter

of
channel

R
etained

M
axim

um
depth

in
reach

R
etained

N
um

ber
of

off-channel
habitats

E
lim

inated:
rel.

low
load

on
all

PC
axes

N
um

ber
of

off-channel
bays

R
etained

B
ank

“pocket”
areas

R
etained

S
edim

ent
&

S
ubstrate

D
om

inant
shallow

substrate
E

lim
inated:

rel.
low

load
on

all
PC

axes
D

om
inant

deep
substrate

E
lim

inated:
rel.

low
load

on
all

PC
axes

%
H

ardpan,
shallow

E
lim

inated:
rel.

low
load

on
all

PC
axes

%
H

ardpan,
deep

E
lim

inated:
rel.

low
load

on
all

PC
axes

%
S

and
and

fines,
shallow

R
etained

%
S

and
and

fines,
deep

E
lim

inated:
rel.

low
load

on
all

PC
axes

%
G

ravel,
cobbles,

boulders,
shallow

R
etained

%
G

ravel,
cobbles,

boulders, deep
R

etained
%

Plant
debris

on
bed

R
etained

%
O

rganic
sludge

R
etained

D
epth

of
fines

E
lim

inated:
rel.

low
load

on
all

PC
axes

In-Stream
C

over
N

um
ber

of
aq.

vegetation
types

E
lim

inated:
rel.

low
load

on
all

PC
axes

A
verage

m
acrophyte

cover
R

etained
%

overhanging
veg.

cover
in

reach
R

etained
S

ecchi
depth

R
etained

B
ank

&
R

iparian
C

ondition
D

om
inant

riparian
land

use
R

etained
B

ank
angle

E
lim

inated:
rel.

low
load

on
alt

PC
axes

%
“N

atural”
banks

in
reach

R
etained

%
V

ertical
w

alled
banks

in
reach

R
etained

%
R

iprap
banks

in
reach

R
etained

%
B

ank
w

ith
open

w
ater

E
lim

inated:
rel.

low
load

on
all

PC
axes

%
R

iparian
vegetation

R
etained

A
rithropogenic

Im
pacts

M
anm

ade
structures

R
etained

N
um

ber
of

N
PD

E
S

discharges
E

lim
inated:

rel.
low

load
on

all
PC

axes
D

istance
from

L
ake

M
ichigan

R
etained

D
istance

to
nearest

W
R

P
E

lim
inated:

rel.
low

load
on

all
PC

axes
C

adm
ium

conc.
in

sedim
ent

E
lim

inated:
rel.

low
load

on
all

PC
axes

T
otal

PC
B

conc.
in

sedim
ent

E
lim

inated:
rel.

low
load

on
all

PC
axes

S
im

ultaneously
extracted

m
etals

in
sed.

R
etained
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