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1.
IN

T
R

O
D

U
C

T
IO

N

T
his

docum
ent

sum
m

arizes
the

process
used

to
selectkey

fish
m

etrics
for

the
C

hicago
A

rea
W

aterw
ay

System
(C

A
W

S)
H

abitat
E

valuation
and

Im
provem

ent
Study

(the
Study).

Selection
ofkey

fish
m

etrics
is

im
portant

to
the

Study
for

tw
o

reasons:

•
S

ensitivity
to

W
ater

Q
uality

—
C

om
parison

ofhistorical
fish

data
and

w
ater

quality
data

is
im

portant
in

understanding
the

relationship
betw

een
w

ater
quality

and
fish

com
m

unities
in

the
C

A
W

S.
Identification

ofC
A

W
S

appropriate
fish

m
etrics

is
necessary

for
such

data
com

parisons.

•
H

abitat
Index

D
evelopm

ent
—

T
he

proposed
m

ethod
for

developm
ent

of
a

C
A

W
S

specific
habitat

index
relies

on
the

com
parison

of
fish

data
to

habitatvariables
to

help
define

the
relationship

betw
een

fish
and

the
physical

habitat
in

the
C

A
W

S.

Itw
as

not
the

objective
ofthe

Study
to

develop
a

C
A

W
S

-specific
index

ofbiotic
integrity

(IB
I),

but
the

m
ethods

used
to

identify
key

fish
m

etrics
for

the
C

A
W

S
are

the
sam

e
as

those
used

in
current

biological
practice

to
define

m
etrics

for
fish

IB
Is.

D
evelopm

ent
of

a
fish

IB
I

for
the

C
A

W
S

m
ightbe

useful
in

the
future,

but
developm

ent
an

181
w

ould
require

specification
ofa

regionally
appropriate,

non-consum
ption,

target
condition

to
w

hich
the

upper
end

ofthe
index

w
ould

be
referenced

(K
arr

1991).
T

his
can

be
done

in
one

ofthree
w

ays,
but

is
currently

beyond
the

scope
ofthis

analysis
for

the
C

A
W

S
as

described
below

:

•
E

xternal
reference

reach
—

A
n

external
reference

reach
that

represents
a

target
fisheries

condition
that

is
attainable

in
the

C
A

W
S

could
be

used
to

establish
the

upper
lim

it
ofthe

IB
L

T
his

approach
is

im
practical

for
the

C
A

W
S

because
the

C
A

W
S

consists
entirely

ofconstructed
or

heavily
m

odified
channels

and
no

sim
ilar

channels
w

ith
high

quality
or

reference
fisheries

have
been

identified.

•
Internal

reference
reach

—
A

reach
w

ithin
the

system
that

represents
a

target
fisheries

condition
that

should
be

targeted
for

the
entire

C
A

W
S

could
be

used
to

establish
the

upper
lim

it
ofthe

IB
I.

T
his

is
not

currently
possible

because
no

such
internal

reference
has

been
identified.

•
T

arget
use

—
A

target
fisheries

use
(e.g.,

w
arm

w
ater

sport
fishing),

function
(e.g.,

harvest
prohibition)

or
specific

target
species

(e.g.,
trophy

largem
outh

bass)
m

ay
be

identified
w

hich
w

ould
allow

determ
ination

oftarget
fisheries

conditions
to

describe
the

upper
end

ofthe
index.

T
o

date,
targetuses

or
species

have
notbeen

identified.

A
lthough

it
is

currently
im

practical
to

establish
a

fish
IB

I
for

the
C

A
W

S,
it

is
possible

to
determ

ine
key

fish
m

etrics
for

use
in

com
paring

to
habitat

data.
T

his
docum

ent presents
the

recom
m

ended
list

of
fish

m
etrics

for
the

C
A

W
S

and
sum

m
arizes

the
m

ethodology
used

to
arrive

at
that

list.
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2.
D

A
TA

D
E

S
C

R
IP

T
IO

N

T
his

section
provides

an
overview

ofthe
fish

data
used

in
this

study.

2.1
FISH

S
A

M
P

L
IN

G
L

O
C

A
T

IO
N

S

T
he

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

(D
istrict)

has
been

collecting
fish

data
annually

since
1974

(w
ith

the
exception

of
1981

and
1982)

w
ithin

the
C

A
W

S.
H

ow
ever,

to
focus

this
Study

on
current

conditions,
L

im
noT

ech
lim

ited
the

fish
data

analysis
to

the
data

collected
betw

een
2001

through
2007

and
to

the
area

considered
as

the
m

anaged
portion

ofthe
C

A
W

S.
T

he
m

anaged
portion

is
defined

by
the

n
o
n

w
adeable

w
aters

bounded
by

the
W

ilm
ette

P
um

ping
Station,

the
C

hicago
R

iver
L

ock
and

C
ontrolling

W
orks,

the
O

’B
rien

L
ock

and
C

ontrolling
W

orks
and

the
L

ockport
L

ock
and

P
ow

erhouse.
T

he
tributaries

to
the

C
A

W
S

are
not

included
in

this
study,

as
their

physical
conditions

and
regulatory

controls
differ

from
the

m
ainstem

s
ofthe

C
A

W
S.

T
he

South
Fork

ofthe
South

B
ranch,

also
know

n
as

B
ubbly

C
reek,

is
also

included
in

this
study.

D
uring

the
200

1-2007
period,

the
D

istrictcollected
fish

data
at

34
stations

w
ithin

the
C

A
W

S
(Figure

2.1)
on

a
routine

basis.
T

w
enty-six

ofthese
34

stations
are

part
ofthe

D
istrict’s

A
m

bient
W

ater
Q

uality
M

onitoring
(A

W
Q

M
)

program
.

Seven
ofthe

A
W

Q
M

stations
are

aim
ually

m
onitored

(once
per

year),
w

hile
the

rem
ainder

are
sam

pled
on

a
four

year
rotation.

T
he

total
num

ber
of

sam
ple

events
across

all
stations

and
years

includes
113

sam
ple

events.
T

he
C

A
W

S
fish

m
onitoring

stations
and

sam
pling

dates
used

in
the

sam
ple

description,
screening

and
selection

offish
m

etrics
is

included
as

A
ttachm

ent
A

.

2.2
FISH

S
A

M
P

L
IN

G
M

E
T

H
O

D
S

T
he

D
istrict

sam
ples

the
fishery

w
ithin

the
C

A
W

S
using

boat
electrofishing

p
ro

ced
u

res
1,

follow
ing

standard
and

consistentprotocols
for

this
collection

m
ethod.

E
ach

station
is

generally
defined

by
a

400
m

eter
reach

and
each

bank
length

w
as

sam
pled

for
fishes.

T
he

average
shock

tim
e

averages
800

seconds.
T

he
collected

fish
are

counted,
m

easured
(standard

and
total

length),
w

eighed
and

released,
except

w
here

difficult
to

identify
in

the
field.

In
addition,

any
abnorm

alities
such

as
diseases,

eroded
fins,

lesions
or

tum
ors

(D
E

L
T

s)
are

noted.
B

etw
een

2001
through

2007,
all

sam
pled

stations
have

a
single

sam
pling

eventper
year

except
Station

75,
C

hicago
Sanitary

and
Ship

C
anal

at
C

icero
A

venue.
D

uring
the

first
sam

pling
event

on
7/31/2001

the
field

crew
experienced

equipm
ent

failure,
w

hich
resulted

in
a

partial
fish

collection
sam

ple.
L

ater
in

the
season,

on
9/4/2001

the
crew

returned
to

the
station

to
conduct

an
additional

sam
pling.

O
nly

the
9/4/2001

data
w

ere
included

in
this

study.
Finally,

supplem
ental

sam
pling

w
as

conducted
in

2007
using

Fyke
nets

atthree
stations,

and
those

data
are

also
sum

m
arized.

‘In
2007,

the
D

istrict
supplem

ented
fish

collections
w

ith
Fyke

net
sam

ples
but,

because
this

m
ethod

is
not

consistent
w

ith
other

m
ethods,

these
data

w
ere

not
included

in
this

analysis.
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2.3
SU

M
M

A
R

Y
D

E
S

C
R

IP
T

IO
N

O
F

FISH
D

A
T

A

Fifty-tw
o

(52)
species,

including
five

hybrids,
of

fish
w

ere
identified

atthe
34

C
A

W
S

m
onitoring

stations
betw

een
2001

and
2007

(sam
ple

period).
A

ttachm
ent

B
provides

the
com

plete
listof these

fish
species.

For
the

sam
ple

period,
the

num
ber

ofnon-hybrid
species

collected
across

the
C

A
W

S
stations

ranged
from

27
at

A
W

Q
M

Station
76

(L
ittle

C
alum

et
R

iver
at

H
aisted

Street)
to

only
five

at
Stephen

Street
(C

hicago
Sanitary

Shipping
C

anal;
C

SSC
;

Figure
2-2).

T
he

repeated,
annual

sam
pling

effort
did

not
necessarily

relate
to

the
greatest

num
ber

of taxa
am

ong
the

sam
ple

period
for

an
individual

station.
F

or
exam

ple,
the

second
m

ostnum
erous

taxa
(nr23),

w
ere

from
the

L
ittle

C
alum

et
R

iver
atIndiana

A
venue,

resulting
from

only
tw

o
sam

ple
events

for
the

sam
ple

period.
Figure

2-1
depicts

the
distribution

ofthe
num

ber
of non-hybrid

collected
taxa

across
the

m
anaged

portion
ofthe

C
A

W
S.

T
able

2-1
describes

the
taxa

richness
and

total
num

ber
of

individuals
by

station,
for

the
sam

ple
period.
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T
able

2-1
sum

m
arizes

the
station

sam
ple

collections
by

station
and

year.
Station

sam
pling

w
ithin

the
C

A
W

S
has

ranged
from

as
few

as
12

stations
(2001)

to
as

m
any

as
20

stations
(2005)

w
ith

an
average

of
16

stations
sam

pled
per

year.
Station

sam
ples

vary
in

their
taxa

and
total

num
ber

of
individuals

both
w

ithin
stations

am
ong

years,
and

am
ong

stations.
T

he
leastnum

ber
of

species
collected

in
any

event
occurred

in
2001

at L
ockport

w
ith

only
2

taxa
represented

by
77

individuals.
T

he
greatest

num
ber

of
species

for
a

single
event

included
22

taxa
represented

by
405

individuals
collected

on
the

L
ittle

C
alum

et
R

iver
at

H
alsted

Street
in

2006.

T
able

2-1.
T

axa
R

ichness
and

T
otal

N
um

ber
of

Individuals
by

S
tation

and
Y

ear.

A
W

Q
M

S
tation

N
um

ber
S

tation
D

escription
S

am
ple

taxa
richness

(total
num

ber
of

individuals)
2001

2002
2003

2004
2005

2006
2007

35
N

orth
Shore

C
hannel

at
C

entral
S

treet
12

(132>
11

(139)
36

N
orth

S
hore

C
hannel

at
T

ouhy
A

venue
11

(596)
12(147)

14
(335)

11(249>
9

(276)
16

(496(
14

(387(
101

orth
S

hore
C

hannel
at

F
oster

A
venue

15(179>
17

(273>
102

N
orth

S
hore

C
hannel

at
D

akton
S

treet
2

(2)
17

(151)
37

N
orth

B
ranch

C
hicago

R
iver

at
W

ilson
A

venue
9

(75)
11

(122)
73

N
orth

B
ranch

C
hicago

R
iver

at
D

iversey
P

arkw
ay

7
(58)

13
(164)

56
ttle

C
alum

et
R

iver
at

Indiana
A

venue
17

(452)
18

(322)
76

•ttle
C

alum
et

R
iver

at
H

aisted
S

treet
16

(210>
17

(163>
13

(219)
17(207>

19
(913)

22(405>
21

(281)
SEPA

2
ttle

C
alum

et
R

iver
at

SEPA
2

16
(529)

12
(218)

43
alum

et-S
ag

C
hannel

at
R

oute
83

7
(43)

9
(261>

lu
m

et-S
ag

C
hannel

at
A

shland
A

venue
13

(95)
12

(131>
alum

et-S
ag

C
hannel

at
C

icero
A

venue
10

(127>
13

(174>
12

(56)
10)147)

10(453>
15

(214)
12

(297>
SEP

alum
et-S

ag
C

hannel
at

SEPA
3

13
(148)

16
(253)

14
(407)

SEP
alum

et-S
ag

C
hannel

at
SEPA

4
11

(93)
11

(82)
14

(663)
9

(79)
15(417)

SEP
aluinet-S

ag
C

hannel
at

SEPA
5

12
(232>

7
(41)

16
(443)

7
(37)

17
(216)

S
upplem

ental
Surv

alum
et-S

ag
C

hannel
at

104th
S

treet
10

(92)
S

upplem
ental

S
urve

C
alum

et-Sag
C

hannel
at

K
edzie

A
venue

-

8
(87)

S
upplem

ental
Sura

alum
et-S

ag
C

hannel
at

S
outhw

est
H

ighw
ay

13
(127)

4
rth

B
ranch

C
hicago

R
iver

at
G

rand
A

venue
12

(53)
7(28)

8(67>
9(88>

5
(77)

10)158)
13

(117)
7

cago
R

iver
at

Lake
S

hore
D

rive
8

(22)
7

(83)
10

cago
R

iver
at

W
ells

S
treet

11
(136)

10
(250)

uth
B

ranch
C

hicago
R

iver
at

M
adison

S
treet

10
(138)

6
(99)

4
cago

S
anitary

and
Ship

C
anal

at
D

am
en

A
venue

10(148)
12(164)

bbly
C

reek
at

A
rcher

A
venue

5
(21)

13
(156)

I
‘th

B
ranch

C
hicago

R
iver

at
L

oom
is

S
treet

10
(76)

13
(142)

99
bbly

C
reek

at
35th

St.
S

(39)
8

(27)
5

(26)
99

bbly
C

reek
at

1-55
B

(31)
10(60)

5
(31)

99
hbly

C
reek

at
RA

PS
7

(151)
10

(97)
5

(62)
4

cago
S

anitary
and

Ship
C

anal
at

H
arlem

A
venue

9
(8

8
)

11(188)
10

(225)
13

(193)
14

(758)
iS

(388)
12

(282)
4

cago
S

anitary
and

Ship
C

anal
at

R
oute

83
5

(32)
5

(10)
cago

S
anitary

and
Ship

C
anal

at
S

tephen
S

treet
4

(2
4

)
5

(24)
hicago

S
anitary

and
Ship

C
anal

at
C

icero
A

venue**
10(118)

10(136)
9

(138)
13)191)

7(184)
11

(205)
13(280)

hicago
S

anitary
and

Ship
C

anal
at

L
ockport

(16th
S

treet)
2

(77)
6

(67)
7

(67)
4

(22)
9

(179)
8

(64)
6

(64)
S

E
P

A
5C

S
hicago

S
anitary

and
Ship

C
anal

at
SEPA

5
S(1B

)
8

(53)
6

(306)
8

(34)
9

(178)

Figure
2-3

depicts
the

sam
ple

variation
am

ong
years

atthe
annual

stations.
T

he
figure

also
includes

the
annual

variation
of

species
assigned

to
pollution

tolerance
categories

of
tolerant

(to
pollution),

intolerant
and

m
oderately

tolerant.
A

discussion
ofthe

categorical
assignm

ents
for

pollution
tolerance

is
included

later
and

tolerance
assignm

ents
for

individuals
are

included
in

A
ttachm

entB
.

In
general,

the
num

ber
oftaxa

collected
w

ithin
the

annual
m

onitoring
stations

appears
to

be
increasing

since
2001.

T
olerant

species
dom

inate
all

annual
stations,

follow
ed

by
m

oderately
tolerant

species.
Several

stations
have

no
intolerant

species
represented

during
any

sam
ple

year,
w

hile
others

have
a

few
.

L
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n
o
T
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0
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0
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0
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0
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L
ittle

C
alum

et
R

iver
at

H
alsted

S
treet

T
O

T
A

L
—

—
T

O
L

—
—

M
O

b
N

T

2
0
0

1
2
0
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0
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u
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T
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A
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u
n

d
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C

A
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A
n
n
u
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M
o
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g
S
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2520

C
hicago

S
an

itary
and

S
hip

C
anal

at
C

icero
A

venue

—
—

T
O

T
A

L
-€—

T
O

L
-€—

M
O

D
-e—

IN
T

25

C
alum

et-S
ag

C
hannel

at
C

icero
A

venue

j
:

,
l
I
I
•
D

D
C

D
02

0
0
1

2
0
0
2

2003
2
0
0
4

2
0
0
5

2
0
0
6

2007

25

C
hicago

S
anitary

and
S

hip
C

anal
at

L
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T
he

m
ost

frequently
observed

species
across

all
stations

included
gizzard

shad
(D

orosom
a

cepedianum
),

com
m

on
carp

(C
yprinus

carplo),
and

largem
outh

bass
(M

icropterus
salm

oides),
respectively

(Figure
2-4).

T
he

m
ost

frequently
observed

species
at

the
annual

m
onitoring

stations
includes

gizzard
shad,

com
m

on
carp

and
pum

pkinseed
(L

epom
is

gibbosus),
respectively

(Figure
2-5).

T
he

m
ost

num
erous

observed
species

w
ithin

the
C

A
W

S
included

gizzard
shad

(n=6906),
em

erald
shiner

(N
otropis

atherinoides;
n

2
0

8
2

)
and

com
m

on
carp

(n
2055),

respectively
(Figure

2-6).
E

leven
species

are
represented

by
only

a
single

observation
for

the
2001-2007

period.
Finally,

gizzard
shad,

com
m

on
carp,

and
largem

outh
bass

have
been

observed
atall

stations
during

the
sam

ple
period.

T
he

distribution
and

abundance
of

gizzard
shad

in
the

C
A

W
S

is
notunusual

for
large

w
ater

system
s

and
Sim

on
and

Sanders
(1999)

suggestnot
including

this
species

in
com

m
unity

structure
com

parisons
as

a
potential

source
ofbias

in
analysis.

E
m

erald
shiner

is
com

m
only

found
in

large
rivers

and
appears

to
thrive

in
reservoir

system
s

(B
ecker

1983),
so

their
num

bers
and

distribution
w

ithin
the

C
A

W
S

is
not

unexpected.
C

om
m

on
carp

are
found

turbid,
w

arm
,

large
river

system
s

ofthe
M

idw
est

(B
ecker

1983)
and

their
distribution

and
abundance

in
the

C
A

W
S

is
also

notsurprising.
L

argem
outh

bass
are

also
abundant

in
large

rivers
of

the
M

idw
est

(B
ecker

1983),
w

ith
a

presence
expected

in
the

C
A

W
S

and
serve

as
a

popular
recreation

target
species

w
ithin

the
system

(Personal
com

m
unication,

B
radley

2008).
P

um
pkinseed

also
appears

to
thrive

in
im

pounded
system

s
(B

ecker
1983)

so
their

num
bers

and
distributions

are
also

not
unexpected.

L
im

noT
ech
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3 Species observations across all stations
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Species observ ations at annual stations
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Figure
2-7

describes
the

sam
ple

collections,
am

ong
years

atthe
annual

m
onitoring

stations.
T

he
graphs

depict
the

variation
of

sam
ples

collected
atthe

stations
am

ong
years.

M
eador

and
M

cIntyre
(2003)

observed
high

variability
(C

oefficient
ofV

ariation
(C

V
)

0.23)
in

species
richness

from
boat

electrofished
sam

ples
ofup

to
+1-5

species
and

concluded
thattheir

variation
resulted

from
sam

pling
efficiency,

rather
than

environm
ental

variation.
H

ow
ever,

they
noted

that
increased

variation
am

ong
years

ata
station

w
as

related
to

increasing
station

depth
(M

eador
and

M
cIntyre

2003).
P

aller
(1

9
9
5

)
suggests

that
a

C
V

of
0.20

is
the

m
axim

um
desirable

level
ofvariability

in
catch

per
unit

effort
for

electrofishing.
T

he
C

V
for

the
C

A
W

S
annual

m
onitoring

stations
ranged

from
0.16

—
0.4.

T
he

L
ockport

station
had

the
highest

C
V

(0.40),
w

hile
the

C
al-Sag

station
at

C
icero

A
venue

had
the

low
est

C
V

(0.16).
T

he
high

C
V

atthe
L

ockport
station

m
ay

be
related

to
the

site
conditions

ofconfined,
deep

channels,
no

access
to

shallow
w

ater
areas

and
a

species
com

m
unity

that
is

dom
inated

by
m

obile
species

such
as

gizzard
shad,

carp,
and

a
range

ofsunfishes.
T

hese
findings

are
also

consistent
w

ith
M

eador
and

M
cIntyre

(2003)
in

their
descriptions

ofhighly
variable

non-w
adeable

sites.

Finally,
in

2007,
the

D
istrict

deployed
Fyke

nets
as

a
supplem

ental
sam

pling
m

ethod
for

three
stations

w
ithin

the
C

A
W

S.
T

he
Fyke

net
collected

data
w

as
com

pared
to

the
closest

electrofishing
event

in
space

and
tim

e
in

an
attem

pt
to

understand
how

this
additional

collection
m

ethod
m

ay
be

ofvalue
for

use
in

the
C

A
W

S
fishery

m
onitoring

program
for

capturing
sm

aller
age-class

fish.
Fyke

nets
are

selective
for

m
igratory

fish
that

follow
shorelines

(H
ubert

1996).
T

he
2007

sam
ples

resulted
in

relatively
sm

all
catches

com
pared

to
electrofishing

and
seem

ed
biased

tow
ards

sm
aller

size
classes

(Figures
2-8,

2-9,
2-10).

T
he

C
al-Sag

at
H

arlem
A

venue
resulted

in
the

largest
catch

of
34

individuals.
O

fthe
34

individuals,
only

four
bluegill

(total
length

ranging
31-37

m
m

)
w

ere
collected

w
ith

the
rem

aining
species

being
m

innow
s.

O
nly

three
individuals

w
ere

collected
atthe

C
al-S

ag
at

C
icero

A
venue

site:
tw

o
m

innow
and

one
bluegill

(total
length

31
m

m
).

T
he

C
al-Sag

at
Southw

est
H

ighw
ay

site
found

11
individuals:

7
bluegill

(total
length

23-46
m

m
),

one
green

sunfish
(total

length
48

m
m

),
and

the
rem

aining
w

ere
m

innow
s.

O
verall,

the
catch

total
lengths

from
the

Fyke
net

sam
ples

ranged
betw

een
23

m
m

and
66

m
m

.
L

ittle
can

be
draw

n
from

the
sm

all
catches

ofthe
2007

Fyke
net

sam
ple

data
other

than
the

sam
ples

seem
ed

biased
tow

ards
sm

all
sam

ples
ofyoung,

potentially
year

1
(B

ecker
1983)

bluegill
and

m
innow

s.
Future,

alternative
approaches

m
ay

include
light-traps

that
target young-of-year

fishes
to

try
to

understand
reproduction

w
ithin

various
portions

ofthe
C

A
W

S.
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H
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3.
S

E
L

E
C

T
IO

N
O

F
FISH

M
E

T
R

IC
S

Fish
m

etric
selection

and
calculation

is
a

com
m

on
form

of
fish

data
analysis

(Flotem
ersch

et
al.

2006).
T

he
general

approach
for

screening
fish

m
etrics

to
determ

ine
w

hich
w

ill
be

m
ost

useful
and

appropriate
for

this
study

follow
s

m
ethods

applied
in

developm
entof

fish
IB

Is,
as

docum
ented

in
peer-review

ed
scientific

literature.
A

s
stated

in
the

preceding
section,

the
objective

ofthis
study

is
not

to
develop

a
new

IB
I

for
the

C
A

W
S,

butthe
process

of m
etric

developm
ent

involves
review

,
analysis,

and
reduction

of
fish

m
etrics,

so
the

m
ethods

used
in

the
literature

to
develop

IB
Is

provides
a

sound
basis

for
screening

ofm
etrics

appropriate
for

the
C

A
W

S.

3.1
C

O
M

PIL
A

T
IO

N
O

F
FISH

M
E

T
R

IC
S

R
oset

eta!.
(2007)

suggests
that

starting
w

ith
a

large
list

ofrelevant
candidate

m
etrics

increases
the

rigor
ofthe

system
-specific

m
etric

selection
process,

by
rem

oving
a

level
of

a
p

rio
ri

bias
retained

from
previous

studies.
L

yons
et

al.
(2001)

provides
a

listof
26

fish
m

etrics
thatw

ere
used

as
the

starting
point

for
the

W
isconsin

large
w

arm
w

ater
river

IB
I.

T
he

L
yons

study
is

particularly
relevantbecause

itw
as

developed
in

the
M

idw
est

for
a

range
of

larger
river

types,
itis

frequently
cited,

and
L

yons’
m

ethodology
is

w
ell-docum

ented.
Starting

w
ith

L
yons’

list
of26

fish
m

etrics,
L

im
noT

ech
then

review
ed

other
relevant

and
significant

IB
I

docum
ents

to
identify

other
potentially

applicable
m

etrics:

•
T

he
Illinois

IB
I

(ID
N

R
2000)

w
as

consulted
as

itcurrently
provides

the
reference

that
the

Illinois
E

nvironm
ental

Protection
A

gency
(IE

PA
)

uses
to

determ
ine

attainm
entw

ith
aquatic

life
uses

and
m

ay
offer

applicable
m

etrics
for

the
unique

conditions
w

ithin
the

C
A

W
S

(IE
PA

2005).
From

this
reference,

ten
additional

m
etrics

w
ere

added.

•
T

he
O

hio
B

oatable
IB

I
(O

E
PA

1988)
w

as
consulted

because
it

is
frequently

cited,
still

used
after

20
years,

one
ofthe

few
fish

IB
I

developed
specifically

for
n

o
n

w
adeable

w
aters

in
the

M
idw

est,
and

m
ay

offer
applicable

m
etrics

for
the

unique
conditions

w
ithin

the
C

A
W

S.
T

hree
additional

m
etrics

w
ere

included
from

the
O

hio
IB

I.

•
K

arr’s
original

w
ork

(K
arr

1981)
on

fish
IB

Is
w

as
consulted

because
itw

as
the

sem
inal

w
ork

on
fish

IB
Is

and
m

ost
subsequent

fish
IB

I
w

ork
has

been
derived

from
it.

N
o

additional
m

etrics
w

ere
identified

from
this

reference
because

they
are

included,
as

appropriate,
in

the
above

IB
Is.

T
he

m
etrics

from
the

Illinois
and

O
hio

IB
Is

increased
the

total
num

ber
ofm

etrics
under

consideration
to

40.
In

addition
to

these
previously

used
m

etrics,
review

of
fish

data
from

the
C

A
W

S
and

know
ledge

ofthe
system

suggested
that

som
e

additional
m

etrics
w

ould
be

w
orthy

of
consideration,

including
the

follow
ing:

L
im
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•
P

ercent
intolerantspecies

by
num

ber
and

by
w

eight
—

T
hese

m
etrics

w
ere

added
to

provide
additional

quantification
ofthe

prevalence
ofpollution-sensitive

individuals.
T

his
m

ay
provide

inform
ation

beyond
the

num
ber

of
intolerant

species.

•
P

ercent
m

oderately
tolerantspecies

by
num

ber
and

by
w

eight
—

Previous
studies

have
grouped

species
into

tolerant
or

intolerant
categories,

how
ever

m
odifications

to
w

ater
quality

standards
recently

proposed
by

the
Illinois

E
PA

have
used

the
term

“interm
ediately

tolerant”,
so

the
inclusion

ofm
etrics

thatreflect
species

that
are

m
oderately

tolerantto
w

ater
quality

im
pacts

m
ay

be
useful.

•
N

um
ber

o
f tolerantspecies

—
T

his
m

etric
w

as
included

to
provide

a
m

etric
of

direct
com

parison
w

ith
the

num
ber

of
intolerant

and
m

oderately
tolerant

species.

•
N

um
ber

o
fsunfish

species,
excluding

largem
outh

bass
—

T
his

m
etric

w
as

added
because

sunfish
m

etrics
used

in
other

IB
Is

either
included

all
sunfish

or
excluded

both
sm

allm
outh

and
largem

outh
bass.

B
ecause

sm
allm

outh
bass

are
a

cool
w

ater
species

and
are

less
tolerant

of
anthropogenic

im
pacts,

itw
as

desirable
to

include
them

,
w

hile
excluding

largem
outh

bass
because

oftheir
w

ide
distribution

across
the

C
A

W
S.

W
ith

the
addition

ofthese
‘custom

’
m

etrics,
the

list
ofpotential

fish
m

etrics
for

consideration
in

this
Study

totaled
46.

R
eview

ofadditional
scientific

literature
did

not
identify

any
m

ore
applicable

m
etrics

for
inclusion,

suggesting
thatthe

starting
m

etric
list

w
ill

provide
the

rigor
suggested

by
R

oset
et

al.
(2007).

T
he

46
fish

m
etrics

and
their

sources
are

listed
in

T
able

3.1.
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T
able

3-1.
Initial

L
ist

of F
ish

M
etrics.

Fish
M

etric
M

etric
N

am
e

Source
%

D
ELT_(n)

%
D

iseased
or w

ith
eroded

fins,
lesions,ortum

ors
Lyons

etal.
(2001)

C
PU

E
catch

perunit effort
W

PU
E

w
eight_peruniteffort

%
LRIV

_(n)
%

_large_riverspecies_by_count
%

LRIV
_(w

t)
%

_large_river species_by_w
eight

%
RIV

_(n)
%

_riverine_species_by_count
%

RIV
_(w

t)
%

_riverine_species_by_w
eight

%
R

N
D

SC
K

_(n)
%

_round_sucker_species_by_count
%

R
N

D
SC

K
_(w

t)
%

round
sucker species

by
w

eight
%

TO
L_(n)

%
_tolerant_species_by_count

%
TO

L_(w
t)

%
_tolerant_species_by_w

eight
INT

num
berofintolerant_species

RIV
num

berofrivenne_species
%

LTH
PL_(n)

%
_lithophilic_spaw

ners_by_count
%

LTH
PL_(w

t)
%

_lithophilic_spaw
ners_by_w

eight
NAT

num
berofnative_species

SC
K

R
num

berofsuckerspecies
SR

total_num
berofspecies

SU
N

1
num

ber
ofsunfish

species,excluding
sm

allm
outh

and
largem

outh
bass

SU
N

2
num

berofsunfish
species,

including
sm

allm
outh

and
largem

outh
bass

%
IN

SC
T_(n)

%
_insectivores_by_count

%
IN

SC
T_(w

t)
%

_insectivores_by
w

eight
%

O
M

V
_(n)

%
_om

nivores_by_count
%

O
M

V
_(w

t)
%

om
nivores

by
w

eight
%

TC
_(n)

%
_top_carnivores_by_count

%
TC_(w

t)
%

_top_carnivores_by_w
eight

PR
TO

L
proportion

ofIllinois
tolerantspecies

IDNR,2000
LITO

T
IL

ratio
ofnon

tolerantcoarse-m
ineral-substrate

spaw
ners

IN
TO

L
num

berof_IL_native_intolerant_species
N

FSH
num

berof_IL_native_species
NM

IN
num

berof_IL_native_m
innow

_species
N

SU
C

num
ber_of_IL_native_suckerspecies

N
SU

N
num

berof_IL_native_sunfish_species
G

EN
IL_ratio_ofgeneralist_feeders

NBINV
IL_native_benthic_invertivore_species

SBI
l__ratio_ofspecialist_benthic_invertivore_species

TNI
total

num
ber

ofindividuals
O

EPA
,1988

O
H

_B
_Sun

num
berofO

H
_native_sunfish_species

%
O

H
_B

_O
M

N
(n)

%
O

H
om

nivores,excluding
channel

catfish
%

IN
T_(n)

%
intolerantspecies

by
count

N
ew

forthis
Study

%
IN

T_(w
t)

%
_intolerant_species_by_w

eight
%

M
O

D
_(n)

%
m

oderately
intolerantspecies

by
count

%
M

O
D

_(w
t)

%
m

oderately
intolerantspecies

by
w

eight
M

O
D

num
berof m

oderately_tolerantspecies
TO

L
num

ber_oftolerant_species
SU

N
3

num
berofsunfish

species,excluding
largem

outh
bass
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3.2
S

P
E

C
IF

IC
A

T
IO

N
O

F
T

O
L

E
R

A
N

C
E

V
A

L
U

E
S

Several
ofthe

m
etrics

identified
for

screening
are

intended
to

be
relative

indicators
of

species
tolerance

to
pollution

and
other

hum
an

im
pacts.

T
herefore

these
m

etrics
require

that
species

be
classified

according
to

their
pollution

tolerance.
T

his
is

significant
because

proposed
w

ater
quality

standards
for

the
C

A
W

S
are

defined
in

term
s

of
m

aintaining
aquatic-life

populations
of

fish
species

that
are

tolerant,
interm

ediately
tolerant,

andlor
intolerant.

It
should

be
noted

that
the

proposed
w

ater
quality

standards
do

not
assign

fish
species

to
these

tolerance
categories,

nor
do

they
refer

to
sources

from
w

hich
to

derive
tolerance

assignm
ents.

T
he

classification
of

fishes
into

tolerance
categories

has
typically

been
based

on
best

professionaljudgm
ent

(B
PJ)

assignm
ents

ofspecies
based

on
general

responses
to

environm
ental

degradation
(M

eador
and

C
arlisle

2007).
M

eador
and

C
arlisle

(2007)
cited

that
the

relative
success

of
B

PJ
classifications

oftolerance
in

the
M

idw
estm

ay
be

a
result

ofthe
perceived

hom
ogeneity

ofregional
conditions

and
that

the
assignm

ents
m

ay
have

lim
ited

geographic
application.

Further,
tolerance

assignm
ents

rarely
discrim

inate
am

ong
pollutant

stressors.
M

eador
and

C
arlisle

(2007)
found

that
stressors

such
as

suspended
sedim

ent,
conductivity,

chloride
and

total
phosphorus

provided
a

better
m

easure
of

pollution
tolerance

assignm
ent

than
the

typically
considered

stressors
of tem

perature,
dissolved

oxygen
and

pH
.

F
or

exam
ple,

w
hite

sucker
(C

atostom
us

com
m

ersoni)
and

fathead
m

innow
(P

im
ephales

prom
elas)

are
generally

categorized
as

tolerant
to

pollutants
by

Illinois
D

N
R

(ID
N

R
2000)

and
M

eador
and

C
arlisle

(2007),
despite

their
intolerance

to
low

dissolved
oxygen

and
high

tem
peratures

(M
eador

and
C

arlisle
2007).

U
nfortunately,

the
detailed

stressor
assignm

ents
by

M
eador

and
C

arlisle
(2007)

have
not

been
developed

for
the

M
idw

est
region

and
do

not
consider

m
any

ofthe
C

A
W

S
species,

so
their

m
ethod

w
ill

not
be

used
here,

but
w

arrants
future

consideration.

T
he

approach
for

assigning
C

A
W

S
species

to
pollution

tolerance
categories

oftolerant,
intolerant

or
m

oderately
tolerant,

attem
pted

to
rely

on
locally

derived
sources,

although
no

single
source

covered
all

species
found

w
ithin

the
C

A
W

S.
T

he
approach

started
w

ith
tolerance

assignm
ents

established
at

the
state

level
(ID

N
R

2008),
then

for
the

M
idw

est
(L

yons
et

at.
2001),

atthe
national

level
(M

eador
and

C
arlisle

2008)
and

then
for

specific
references

w
here

a
species

w
as

not
included

in
the

previous
docum

ents.

T
he

State
of Illinois

has
developed

a
m

anual
for

calculating
fish

IB
Is

that
is

in
draft

form
w

ith
continued

updates
(ID

N
R

2000).
T

he
m

anual
includes

pollution
tolerance

assignm
ents

for
a

range
of

species.
T

he
ID

N
R

(2000)
assignm

ents
only

include
tolerant

or
intolerant

for
those

w
ith

any
assignm

ent
and

m
ost

species
in

the
state

listhave
no

assignm
ent

(that
is,they

are
given

a
“
—

“
)
.

T
he

classifications
w

ere
derived

from
regional

fish
m

anuals
including

Sm
ith

(1979),
B

ecker
(1983),

K
arr

et
al.

(1986),
Jenkins

and
B

urkhead
(1994),

B
ertrand

et
al.

1996,
O

E
PA

(1988)
and

B
PJ,

w
here

inform
ation

w
as

not
available

(ID
N

R
2008).

T
hese

classifications
w

ere
retained

as
a

prim
ary

reference
sources.

T
he

next
level

of
tolerance

assignm
ent

w
as

derived
from

L
yons

et
al.

(2001).
T

he
L

yons
paper

provided
additional

assignm
ents

to
som

e
species

not
assigned

by
ID

N
R

L
im

noT
ech

Page
22

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



R
eview

arid
Selection

ofFish
M

etrics
forthe

C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

April21,2009

(2008)
but

also
restricted

species
assignm

ents
to

tolerant
or

intolerant
categories

only,
w

ith
the

rem
aining

species
assigned

as
“other”.

T
he

tolerance
assignm

ents
ofL

yons
stem

s
from

his
earlier

paper
(L

yons
1992)

w
here

three
qualitative

criteria
are

used:

1)
a

know
n

high
degree

of
sensitivity

to
the

types
of

environm
ental

degradation
as

described
by

B
ecker

(1983)
and

other
regional

fish
publications;

2)
areas

ofobserved
regions

of
decline

in
W

isconsin
w

here
environm

ental
problem

s
are

know
n;

and

3)
designations

used
in

other
IB

Is.

M
eador

and
C

arlisle
(2007)

from
the

U
.S.

G
eological

Survey
(U

SG
S)

conducted
an

extensive
analysis

and
assignm

ent
ofnum

erous
species

into
tolerant,

m
oderately

tolerant,
and

intolerant
categories

based
on

a
recently

published,
quantified

evaluation
against

physiochem
ical

variables.
T

he
data

set
used

for
this

effortis
from

the
U

SG
S

national
program

and
collected

data
from

the
U

SG
S

N
ational

W
ater

Q
uality

A
ssessm

ent
Program

.
T

hese
assignm

ents
w

ere
applied

after
the

L
yons

assignm
ents.

T
his

effort
resulted

in
a

database
of

tolerance
assignm

ents
for

m
ost

rem
aining

fish
species,

except
for

som
e

rem
aining

exotics.
Finally,

for
those

species
not

given
tolerance

assignm
ents

by
the

aforem
entioned

efforts,
species-specific

papers
w

ere
consulted

and
referenced

for
final

pollution
tolerance

assignm
ents.

T
he

tolerance
values

assigned
for

each
species

are
included

in
A

ttachm
entB

.
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T
his

page
is

b
lan

k
to

facilitate
double

sided
p
rin

tin
g

.
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4.
S

C
R

E
E

N
IN

G
O

F
FISH

M
E

T
R

IC
S

T
he

procedures
and

rationale
for

screening
of

fish
m

etrics
are

described
below

.

4.1
S

C
R

E
E

N
IN

G
O

B
JE

C
T

IV
E

S

T
he

process
ofscreening

the
fish

m
etrics

had
tw

o
prim

ary
objectives,

as
described

below
:

1.
First,

itw
as

necessary
to

reduce
the

list
offish

m
etrics

to
a

m
ore

m
anageable

num
ber.

B
ecause

the
data

corresponding
to

these
m

etrics
w

ill
be

used
for

com
parison

to
w

ater
quality

and
habitatdata,

too
large

a
num

ber
offish

m
etrics

w
ould

be
too

cum
bersom

e.
M

etrics
used

to
assess

fishes
vary

based
on

the
physical

and
biotic

nature
ofthe

system
(Flotem

ersch
et

al.
2006).

M
ost

fish
IB

Is
review

ed
for

this
study

used
a

final
set

often
to

sixteen
m

etrics
(K

arr
1981;

O
E

P
A

1988;
H

ughes
et

al.,
1998;

ID
N

R
2000;

L
yons

et
al.,

2001),
so

the
goal

w
as

to
reduce

the
listto

w
ithin

this
range.

2.
Second,

the
current

scientific
literature

suggests
that

it
is

im
portant

to
retain

at
least

one
m

etric
from

each
m

ajor
category

of
ecological

function:
species

richness
and

com
position,

indicator
species,

trophic
function,

reproductive
function,

and
individual

abundance
and

condition
(Sim

on
and

L
yons

1995;
L

yons
etal.

2001;
R

oset
et

a!.
2007).

E
ach

category
reflects

a
different

aspect
of

fish
assem

blages
that

responds
uniquely

to
aquatic

ecosystem
stressors

(H
ughes

and
O

berdorff
1999).

W
ith

these
objectives

in
m

ind,
the

initial
list

of
fish

m
etrics

w
as

screened
using

the
process

described
in

the
follow

ing
sections.

4.2
M

E
T

R
IC

S
L

A
C

K
IN

G
D

A
T

A

T
he

initial
step

in
the

screening
process

w
as

to
identifi

m
etrics

for
w

hich
there

w
ere

no
data

available.
T

his
w

as
essential,

because
the

m
etrics

w
ill

eventually
be

used
for

statistical
or

other
quantitative

com
parisons

to
other

data
types

(i.e.,
w

ater
quality

and
habitat)

and
the

lack
ofdata

w
ould

preclude
such

quantitative
com

parisons.

R
eview

o
fthe

C
A

W
S

fish
data

from
2001

to
2007

revealed
tw

o
m

etrics
for

w
hich

no
data

exist
in

the
C

A
W

S:
the

percentage
ofround

sucker
taxa

(genera
C

ycleptus,
H

ypentelium
,

M
inytrem

a,
and

M
oxostom

a)
by

w
eight

and
by

num
ber

(%
R

N
D

SC
K

_(n)
and

%
R

N
D

S
C

K
(w

t)).
B

ased
on

this
observation,

these
m

etrics
w

ere
elim

inated
from

further
consideration.

T
his

initial
screening

reduced
the

listof
fish

m
etrics

from
46

to
44.

4.3
M

E
T

R
IC

R
A

N
G

E

R
eview

ofthe
scientific

literature
for

fish
IB

I
developm

ent
show

s
that

a
typical

m
ethod

of
screening

fish
m

etrics
is

to
exam

ine
those

m
etrics

that
reflect

the
num

ber
of

species
identified

in
a

particular
category

or
type

and
to

screen
out those

that
represent

relatively

L
im

n
o
T
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few
species

(M
cC

orm
ick

eta!.
2001;

E
m

ery
et

a!.
2003).

T
his

so-called
“range

test”
is

used
to

elim
inate

m
etrics

for
w

hich
betw

een
0

and
2

species
w

ere
identified.

T
he

“range
test”

w
as

applied
to

the
C

A
W

S
fish

data
and

four
m

etrics
w

ere
found

for
w

hich
only

one
or

tw
o

species
w

ere
identified

betw
een

2001
and

2007.
T

hese
four

m
etrics

w
ere:

the
num

ber
ofIllinois

native
benthic

invertivore
species

(N
B

IN
V

),
the

num
ber

ofIllinois
native

sucker
species

(N
SU

C
),

the
num

ber
of

sucker
species

(SC
K

R
),

and
the

Illinois
ratio

of
specialistbenthic

invertivore
species

(SB
I).

O
n

the
basis

ofthis
observation,

these
four

m
etrics

w
ere

elim
inated

from
further

consideration,
reducing

the
num

ber
ofpotential

m
etrics

to
40.

4.4
M

E
T

R
IC

R
E

D
U

N
D

A
N

C
Y

A
very

com
m

on
m

ethod
of

screening
m

etrics
is

to
analyze

the
m

etrics
for

redundancy
w

ith
each

other.
T

his
m

ethod
of

screening
is

com
m

only
used

in
index

developm
ent

(H
ughes

et
a!.

1998;
L

yons
et

al.
2001,

E
m

ery
eta!.

2003,
W

ilhelm
et al.

2005).
In

this
analysis,

P
earson’s

correlation
w

as
calculated

for
pairs

ofm
etrics

and
the

resulting
correlation

values
w

ere
used

to
screen

out
statistically

redundant
m

etrics.
T

his
process

is
described

in
m

ore
detailbelow

.

B
efore

calculating
the

Pearson
correlation

coefficients,
the

m
etrics

w
ere

evaluated
for

norm
ality

and
several

m
etrics

w
ere

found
to

have
skew

ed
distributions.

Som
e

w
ere

right
skew

ed,
others

w
ere

left
skew

ed.
T

he
left

skew
ed

m
etrics

w
ere

log
transform

ed,
resulting

in
near-norm

al
distributions

and
include

the
follow

ing
m

etrics:
W

PU
E

,
T

N
I,

T
O

L
_T

N
I,

C
PU

E
,

%
T

C
_(w

t),
%

L
T

H
PL

_(w
t),

%
M

O
D

_(n),
and

%
M

O
D

_(w
t).

For
the

right
skew

ed
m

etrics
(m

ostly
data

representing
proportions)

the
arcsine-square-root-transform

w
as

evaluated,
but

because
the

distribution
shapes

did
not

im
prove

these
m

etrics
w

ere
left

untransform
ed.

Pearson
correlation

coefficients
w

ere
calculated

betw
een

the
individual

m
etrics

in
order

to
identify

m
etrics

that
are

highly
correlated.

C
orrelated

m
etrics

indicate
som

e
degree

of
redundancy,

i.e.
they

respond
sim

ilarly
to

characteristics
ofthe

C
A

W
S

system
and

can
be

used
to

derive
sim

ilar
conclusions.

T
hreshold

correlation
strength

had
to

be
chosen

to
identify

the
m

etrics
w

ith
“strong”

correlation,
as

reported
in

the
literature.

In
the

literature
review

ed,
this

threshold
correlation

value
w

as
usually

betw
een

0.6
and

0.75
(L

yons
eta!.

2001;
M

cC
orm

ick
eta!.

2001;
E

m
ery

et
a!.

2003;
W

hittier
et

a!.
2007).

For
this

analysis
a

value
of

0.6
w

as
used,

w
hich

is
w

hat
L

yons
used

for
his

large
w

arm
w

ater
river

IB
I

(L
yons

eta!.
2001).

T
hus,

pairs
ofm

etrics
w

ith
a

correlation
coefficient

above
the

threshold
w

ere
defined

as
redundant

and
only

one
m

etric
ofthe

pair
w

as
retained

for
subsequent

analyses.
T

he
m

atrix
ofP

earson’s
correlation

coefficients
is

presented
in

A
ttachm

ent
C

.

B
ecause

m
any

m
etrics

w
ere

highly
correlated

w
ith

m
ultiple

m
etrics,

som
e

judgm
ent

w
as

necessary
in

using
this

screening
m

ethod
to

insure
representation

from
each

ofthe
five

ecological
function

categories.
For

exam
ple,the

original
list

of46
m

etrics
only

contained

L
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three
reproductive

function
m

etrics
and

five
abundance

and
condition

m
etrics,

therefore
these

m
etrics

w
ere,

in
som

e
cases,

preferentially
retained.

T
his

screening
step

w
as

successful
in

reducing
the

num
ber

of m
etrics

from
40

to
16.

T
he

list
ofm

etrics
rem

aining
after

screening
for

redundancy
is

presented
in

T
able

4-1.

T
ab

le
4-1.

F
ish

M
etrics

R
em

ain
in

g
after

S
creening

fo
r

R
ed

u
n
d
an

cy
.

E
cological

Fish
M

etric
M

etric
N

am
e

Function
C

ategory
%

D
ELT_(n)

%
D

iseased
orwith

eroded
fins,lesions,ortum

ors
ACM

C
PU

E
catch

per uniteffort
ACM

%
LTH

PL_(n)
%

lithophilic
spaw

ners
by

count
RFM

%
LTH

PL_(w
t)

%
lithophilic

spaw
ners

by
w

eight
RFM

%
IN

SC
T_(n)

%
insectivores

by
count

TFM
%

IN
SCT_(w

t)
%

insectivores
by

w
eight

TFM
%

TC
_(n)

%
top

carnivores
by

count
TFM

%
TC_(w

t)
%

top
carnivores

by
w

eight
TFM

PRTO
L

proportion
of Illinois

tolerantspecies
ISM

LITO
T

IL
rao

ofnon
tolerantcoarse-m

ineral-substrate
spaw

ners
RFM

INTOL
num

ber
ofIL

native
intolerantspecies

SM
NM

IN
num

berofIL
native

m
innow

species
SR

C
N

SU
N

num
berof

IL
native

sunfish
species

SR
C

G
EN

IL
ratio

of generalistfeeders
TFM

%
IN

T_(n)
%

intolerantspecies
by

count
ISM

%
M

O
D

(w
t)

%
m

oderately
intolerantspecies

by
w

eight
ISM

4.5
M

E
T

R
IC

V
A

R
IA

B
IL

IT
Y

A
fter

applying
the

m
ethods

described
above,

the
num

ber
ofretained

m
etrics

(16)
still

exceeded
the

target
num

ber
ofm

etrics,
so

the
retained

m
etrics

w
ere

inspected
to

determ
ine

w
hether

a
rational

scientific
basis

could
be

identified
for

elim
ination

of any
of

them
.

Itw
as

noted
that

the
set

of m
etrics

listed
in

T
able

4-1
contained

three
pairs

of
m

etrics
that

represented
sim

ilar
fish

attributes
for

both
count

and
w

eight:

•
%

lithophilic
spaw

ners
by

count
(%

L
T

H
PL

_(n))
and

w
eight

(%
L

T
H

P
L

_(w
t))

•
%

insectivores
by

count
(%

IN
S

C
T

_(n))
and

w
eight(%

T
N

SC
T

_(w
t))

•
%

top
carnivores

count
(%

T
C

_(n))
and

w
eight

(%
T

C
_(w

t))

In
addition,

tw
o

m
etrics

rem
ained

that
represented

intolerant
species:

%
IN

T
_(n)

and
IN

T
O

L
.

B
ecause

each
of these

four
pairs

ofm
etrics

m
easure

the
sam

e
attributes

of
fish

assem
blages,

it
seem

ed
appropriate

to
select

one
m

etric
from

each
pair

to
carry

forw
ard.

T
o

determ
ine

w
hich

m
etric

in
each

pair
to

retain,
the

variability
ofthe

m
etrics

w
ithin

the
data

set w
as

exam
ined.

T
he

rationale
for

using
m

etric
variability

as
a

screening
m

easure
w

as
that

preference
should

be
given

to
m

etrics
that

exhibited
greater

variation
w

ithin
the

L
im
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system
,

since
those

m
etrics

w
ill

be
m

ore
likely

to
help

identif’
relationships

to
other

system
attributes

such
as

w
ater

quality
and

physical
habitat.

C
alculated

values
for

each
ofthe

paired
m

etrics
w

ere
extracted

from
the

C
A

W
S

fish
database

and
the

coefficient
ofvariation

(C
V

)
for

each
m

etric
w

as
calculated

using
all

data
from

each
year

from
2001

through
2007

to
give

a
m

easure
of data

variability
in

each
year

for
each

m
etric.

T
he

C
V

for
each

m
etric

w
as

also
calculated

at
each

of
seven

annual
sam

pling
stations

for
allyears

to
determ

ine
variability

across
the

system
.

T
he

results
are

discussed
below

.

T
he

system
-w

ide
C

V
s

for
%

L
T

H
PL

_(w
t)

and
%

L
T

H
PL

_(n)
are

depicted
graphically

in
Figure

4-1.c::
F

ig
u
re

4-1.
C

oefficient
of

V
ariatio

n
fo

r
%

L
T

H
P

L
_

(w
t)

an
d

%
L

T
H

P
L

_
(n

),
fo

r
2001

th
ro

u
g

h
2007

D
ata.

A
lthough

the
C

V
s

for
both

%
L

T
H

P
L

_(w
t)

and
%

L
T

H
P

L
_(n)

are
both

very
low

(less
than

0.5
in

every
year),

the
calculated

value
for

%
L

T
H

P
L

_(n)
is

consistently
higher,

in
m

any
cases

double
that

of
%

L
T

H
PL

_(w
t).

T
he

C
V

s
for

%
L

T
H

P
L

_(n)
also

appear
to

exhibit
m

ore
variability

over
tim

e
than

for
%

L
T

H
PL

_(w
t),

w
hich

is
also

evident
from

the
C

V
s

calculated
for

the
annual

sam
pling

stations
depicted

in
Figure

4-2.
B

ased
on

these
observations,

%
L

T
H

P
L

_(n)
w

as
retained

and
%

L
T

H
P

L
_(w

t)
w

as
elim

inated.

0.45

0.4

0.35
0•

0.3

0.25
0

0.2
—

—
%

L
T

H
P

L
_(n)

0.15
—

—
%

L
T

H
P

L
_(w

t)

o.i

0.050

9..
9..

9,
9,

‘1.
‘1’
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F
ig

u
re

4-2.
C

oefficient
of

V
ariatio

n
for

%
L

T
H

P
L

_
(w

t)
an

d
%

L
T

H
P

L
_

(n
)

at
A

n
n
u
al

S
am

pling
S

tations.

T
he

sam
e

com
parison

w
as

m
ade

for
%

IN
S

C
T

(n)
and

%
IN

SC
T

_(w
t).

In
this

case,
the

C
V

for
%

IN
SC

T
_(n)

is
consistently

higher
than

for
%

L
N

SC
T

(w
t),

both
on

a
system

-
w

ide
basis

across
m

ultiple
years

(Figure
4-3)

as
w

ell
as

w
hen

com
pared

betw
een

annual
sam

pling
stations

(Figure
4-4).

O
n

the
basis

ofthese
com

parisons,
%

IN
SC

T
(n)

w
as

retained
and

%
IN

SC
T

(w
t)

w
as

elim
inated.

E
z

F
ig

u
re

4-3.
C

oefficient
o

f
V

ariatio
n

fo
r

%
IN

S
C

T
_(w

t)
an

d
%

IN
S

C
T

_(n),
for

2001
th

ro
u

g
h

2007
D

ata.

0.45

0.4

0.35

0.3

0.25
at

0.2
wU

0.15

3
6
4
1
4
6
5
5
7
5
7
6
9
2

A
W

Q
M

S
tatio

n
N

u
m

b
er

•
%

L
T

H
PL

_(n)

•
%

L
T

H
PL

_(w
t)

C0>0Cw‘Iw0

0.6

0.5

0.4

0.3

0.2

0.10

cq,

—
4-—

%
IN

SC
T

_(n)

—
—

%
IN

SC
T

_(w
t)
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! ::
:

A
W

Q
M

S
tatio

n
N

u
m

b
er

F
igure

4-4.
C

oefficient
ofV

ariation
for

%
IN

S
C

T
_(w

t)
and

%
IN

S
C

T
_(n)

at
A

nnual
S

am
pling

S
tations.

Sim
ilarly,

the
C

V
s

for
%

T
C

_(n)
and

%
T

C
_(w

t)
w

ere
com

pared.
In

the
case

ofthis
m

etric
pair,

m
ost

of
the

C
V

s
for

%
T

C
_(w

t)
w

ere
above

1.0,
w

hile
all

the
C

V
s

for
%

T
C

_(n)
w

ere
below

1.0,
suggesting

that
%

T
C

_(w
t)

has
significantly

higher
variability

(Figure
4-5).

W
hile

som
e

sam
pling

stations
exhibited

sim
ilar

C
V

s
for

both
%

T
C

_(w
t)

and
%

T
C

_(n)
(Figure

4-6),
three

stations
had

significantly
higher

C
V

s
for

%
T

C
_(w

t).
B

ased
on

these
observations,

%
T

C
(w

t)
w

as
retained

and
%

T
C

_(n)
w

as
elim

inated.

Finally,
the

C
V

s
for

%
IN

T
_(n)

and
IN

T
O

L
w

ere
com

pared
both

on
a

system
-w

ide
basis

for
each

sam
pling

year
and

for
each

annual
sam

pling
station

across
allyears.

T
he

com
parison

of
system

-w
ide

variability
through

tim
e

(Figure
4-7)

clearly
indicates

that
%

IN
T

_(n)
has

higher
variability

than
IN

T
O

L
,

even
though

the
inter-station

com
parison

(F
igure

4-8)
show

s
sim

ilarity
betw

een
the

tw
o

m
etrics

in
term

s
ofvariability.

O
n

the
basis

of
these

observations,
%

IN
T

_(n)
w

as
retained

and
IN

T
O

L
w

as
elim

inated.
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F
igure

4-5.
C

oefficient
of

V
ariation

for
%

T
C

_(w
t)

and
%

T
C

_(n),
for

2001
through

2007
D

ata.

F
igure

4-6.
C

oefficient
of

V
ariation

for
%

T
C

_(w
t)

and
%

T
C

_(n)
at

A
nnual

S
am

pling
S

tations.

1.6

1.4

g
1.2

•
1

>°
0.8

_
_

_
_

_
_

_

C:
0.6

U0
0.4

0.20d
c;)

c$”
c
’

—
+.-.%

T
C

_(n)

—
—

%
T

C
_(w

t)

C0UU>0CU‘aU0

1.6

1.4

1.21

0.8

0.6

0.4

0.20

•
%

T
C

_(n)

•
%

T
C

_(w
t)

36
41

46
55

75
76

92

A
W

Q
M

S
tatio

n
N

u
m

b
er

L
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F
ig

u
re

4-7.
C

oefficient
of

V
ariatio

n
for

%
IN

T
_(n)

an
d

IN
T

O
L

,
for

2001
th

ro
u
g

h
2007

D
ata.

F
ig

u
re

4-8.
C

oefficient
of

V
ariatio

n
fo

r
%

IN
T

_(n)
an

d
IN

T
O

L
at

A
n

n
u
al

S
am

pling
S

tations.

In
sum

m
ary,

based
on

review
of

m
etric

variability
as

quantified
by

each
m

etric’s
coefficient

of variation,
the

follow
ing

m
etric

selections
w

ere
m

ade:

•
%

L
T

H
PL

_(n)
w

as
retained

over
%

L
T

H
P

L
(w

t);

•
%

IN
S

C
T

(n)
w

as
retained

over
%

IN
S

C
T

(w
t);

•
%

T
C

_(w
t)

w
as

retained
over

%
T

C
_(n);

and

•
%

IN
T

(n
)

w
as

retained
over

IN
T

O
L

.

T
hese

selections
reduced

the
list

of
m

etrics
to

12,
w

hich
are

sum
m

arized
in

the
follow

ing
section.

4

3.53

2.5

o
2

—
4—

%
IN

T
_(n)

1
.:

IN
TO

L

0.50

‘
c?

c’
o°

00Cw‘Iw0

3

2.52

1.51

0.50
.

36
41

•
%

IN
T

_(n)

•
IN

TO
L

46
55

75

A
W

Q
M

S
tation

N
um

ber

76
92
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5.
FIN

A
L

R
E

C
O

M
M

E
N

D
E

D
L

IST
O

F
M

E
T

R
IC

S

A
fter

com
pletion

of
the

screening
process

described
in

the
preceding

section,
tw

elve
m

etrics
w

ere
retained

for
use

in
the

C
A

W
S

(T
able

5-1).
T

he
retained

m
etrics

are
representative

of
each

ofthe
five

ecological
function

categories
as

recom
m

ended
by

Sim
on

and
L

yons
(1995),

L
yons

et
al.

(2001),
R

oset
eta!.

(2007):
species

richness
and

com
position

(SR
C

),
indicator

species
(ISM

),
trophic

function
(T

FM
),

reproductive
function

(R
FM

),
and

individual
abundance

and
condition

(A
C

M
).

T
hese

are
further

described
below

,

SR
C

category
includes

tw
o

native
species

m
etrics.

Species
richness

and
com

position
are

a
m

easure
of

species
diversity

and
H

ughes
and

O
berdorff(1999)

suggestusing
native

species
m

etrics
for

assessing
physical

or
w

ater
quality

stressors
w

here
non-natives

are
abundant,

as
found

in
the

C
A

W
S.

B
oth

m
etrics

are
also

used
by

the
State

ofIllinois
and

should
be

appropriate
m

easures
for

species
richness

assessm
ents

w
ithin

the
C

A
W

S.

ISM
includes

three
proportional

m
etrics

oftolerant,
m

oderately
tolerant

and
intolerant

m
easures.

P
roportional

m
easures

for
species

have
been

recom
m

ended
by

others
as

w
ell

(K
arr

et
a!.

1986;
L

yons
et

a!.
1995).

T
he

current
num

bers
of

intolerant
species

across
the

C
A

W
S

is
generally

low
and

itis
generally

expected
that

the
proportion

of
intolerant

species
is

responding
to

physical
and

w
ater

quality
stressors

unique
to

the
C

A
W

S.
H

ow
ever,

itis
expected

that
these

species
w

ould
respond

positively
to

stressor
reductions

and
m

ay
provide

an
appropriate

m
etric

for
the

C
A

W
S.

B
oth

tolerant
and

m
oderately

tolerant
species

are
w

ide-spread
across

the
C

A
W

S
and

it
is

assum
ed

that
the

tolerantm
etrics

w
ould

respond
negatively

to
physical

and
w

ater
quality

im
provem

ents
w

hile
m

oderately
tolerant

species
proportions

increase
w

ith
the

reduction
of

stressors.
A

ll
three

proportional
m

easures
are

applicable
m

easures
across

the
C

A
W

S.

T
FM

includes
a

range
of

feeding
m

etrics
for

the
C

A
W

S
that

include
top

carnivores,
generalists

and
insect

feeders.
It

is
generally

expected
that

top
carnivores

and
insectivores

w
ould

respond
negatively

to
physical

and
w

ater
quality

stressors,
w

hile
generalists

w
ould

respond
positively

to
these

stressors
(F

lotem
ersch

et
a!.

2006).
A

ll
three

m
etrics

are
applicable

across
the

C
A

W
S,

are
appropriate

m
easures

oftrophic
function

and
are

supported
by

the
original

w
ork

ofK
arr

(1981)
and

subsequent
authors

(H
ughes

and
O

berdorff
1999).

R
F

M
includes

a
proportion

ofall
lithophilic

species
as

w
ell

as
intolerant

lithophilic
species

native
to

Illinois.
It

is
generally

expected
that

lithophilic
species

w
ould

respond
negatively

to
both

physical
and

w
ater

quality
stressors

(F
lotem

ersch
etal.

2006).
A

lthough
it

is
expected

that
lithophilic

habitat
is

lim
ited

across
the

C
A

W
S,

these
m

etrics
are

included
because

existing
habitat

conditions
as

w
ell

as
future

im
provem

ents
w

ithin
portions

ofthe
C

A
W

S
should

result
in

a
positive

response
by

these
m

etrics.
T

he
m

etrics
are

used
w

ithin
the

Illinois
IB

I
as
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w
ell

as
others

(E
m

ery
etal.

1999;
Flotem

ersch
et

al.
2006)

and
are

appropriate
for

the
C

A
W

S.

A
C

M
includes

a
m

etric
for

the
condition

ofthe
sam

pled
fishes

as
w

ell
as

the
efficiency

ofthe
collection

m
ethods.

It
is

generally
expected

that
the

observed
num

ber
ofphysical

anom
alies

of
collected

fishes
changes

in
response

to
a

range
ofw

ater
quality

stressors.
H

ughes
and

O
berdorff(1999)

suggest
including

this
m

etric
w

here
the

possibility
for

changes
in

the
incidence

o
fdisease

and
deform

ity
exist.

H
ughes

and
O

berdorff
(1999)

describe
sam

ple
abundance

as
a

surrogate
for

system
productivity

but
caution

thatnutrient
and

therm
al

enrichm
ent

m
ay

affect
this

m
etric

response.
T

ypically,
itis

expected
thatthe

efficiency
of

collected
fishes

decrease
in

response
to

both
w

ater
quality

and
habitat

stressors
(F

lotem
ersch

etal.
2006)

but
the

uniqueness
ofthe

C
A

W
S

conditions
m

ay
w

arrant
special

consideration
ofthe

use
ofthis

m
etric

in
subsequent

analysis.
B

oth
m

easures
are

com
m

only
used

m
easures

for
A

C
M

and
are

appropriate
for

the
C

A
W

S.

In
sum

m
ary,

the
m

ethods
used

for
fish

m
etric

selection
for

the
C

A
W

S
are

appropriate,
literature

supported
and

robust
m

ethods.
T

hese
m

ethods
have

produced
a

final
m

etric
list

that
is

appropriate
and

sensitive
to

responses
ofboth

physical
habitat

and
w

ater
quality

conditions
w

ithin
the

C
A

W
S

and
w

ill
be

useful
for

further
fish-habitat

and
fish-w

ater
quality

analyses.
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0.376

0.092
0.044

-0.143
0.126

0.068
0.060

0.147
-0.056

-0.073
0.065

0.270
0.096

-0.073
IR

IV
_(w

t)
-9.447

0.372
0.551

0.025
0.480

-0.082
-0.018

-0.141
0.069

0.114
0.114

0.141
-0.063

-0.045
0.317

0.300
0.127

-0.045
%

T
C

_(n)
0.455

-0.296
0.040

0.409
-0.090

0.084
0.130

0.192
0.251

0.301
0.301

-0.022
0.474

0.404
0.006

0.204
0.274

0.404
ITC

_(w
t)

1
-0.128

-0.153
0.179

-0.333
0.194

0.145
0.134

0.167
0.260

0.260
0.068

0.302
0.224

0.002
0.121

0.216
0.224

%
TO

L_(n)
-0.128

1
0.641

-0.504
0.330

0.060
0.016

-0.131
-0.274

-0.027
-0.027

0.056
-0.102

-0.236
0.625

0.099
0.024

-0.236
%

TO
L_)w

t)
-0.153

0.641
1

-0.046
0.512

-0.044
0.000

-0.026
-0.012

0.102
0.102

0.012
0.141

0.096
0.563

0.214
0.142

0.096
CPU

E
0.179

-0.504
-0.046

1
-0.060

0.205
0.203

0.137
0.701

0.656
0.650

0.435
0.504

0.634
-0.440

0.567
0.647

0.634

D
EN

-0.333
0.330

0.512
-0.060

1
-0.259

-0.168
-0.071

-0.047
-0.082

-0.002
-0.186

0.064
0.135

0.286
-0.047

-0.116
0.135

IN
T

0.194
0.061

-0.044
0.205

-0.259
1

0.932
0.529

0.156
0.342

0.342
0.219

0.376
0.221

-0.354
0.366

0.369
0.221

IN
TO

L
0.145

0.016
0.000

0.203
-0.168

0.932
1

0.602
0.142

0.348
0.348

0.196
0.448

0.297
-0.332

0.361
0.338

0.297
LITOT

0.134
-0.131

-0.026
0.137

-0.071
0.529

0.602
1

0.001
0.057

0.057
-0.056

0.543
0.200

-0.200
-0.009

0.022
0.200

M
O

D
0.167

-0.274
-0.012

0.701
-0.047

0.156
0.142

0.001
1

0.775
0.7T

h
0.567

0.544
0.571

-0.495
0.629

0.752
0.571

N
A

T
0.260

-0.027
0.102

0.658
-0.002

0.342
0.340

0.057
0.775

1
1.000

0.747
0.670

0.642
-0.172

0.069
0.967

0.642

9156
0.260

-0.027
0.102

0.658
-0.002

0.342
0.348

0.057
0.775

1.000
1

0.747
0.670

0.642
-0.172

0.069
0.967

0.642
N

M
IN

0.068
0.056

0.012
0.435

-0.106
0.210

0.196
-0.056

0.567
0.747

0.747
1

0.170
0.167

-0.085
0.607

0.720
0.167

N
SU

N
0.302

-0.182
0.041

0.504
0.064

0.376
0.448

0.343
0.544

0.670
0.670

0.170
1

0.940
-0.293

0.563
0.645

0.940
26_B

_SU
N

0.224
-0.236

0.096
0.634

0.135
0.221

0.297
0.290

0.571
0.642

9.642
0.167

0.940
1

-0.284
0.527

0.606
1.000

0T
01

0.002
0.625

0.563
-0.448

0.286
-0.354

-0.332
-0.200

-0.495
-0.172

-0.172
-0.085

-0.293
-0.204

1
-0.099

-0.139
-0.204

915
0.121

0.099
0.214

0.567
-0.047

0.366
0.361

-0.009
0.629

0.069
0.069

0.607
0.563

0.527
-0.099

1
0.901

0.527
59

0.216
0.024

0.142
0.647

-0.116
0.369

0.338
0.022

0.752
0.967

0.967
0.720

0.M
S

0.606
-0.139

0.901
1

0.606

UNO
0.224

-0.236
0.096

0.634
0.135

0.221
0.297

0.280
0.571

0.642
0.642

0.167
0.940

1.000
-0.284

0.527
0.606

1

5992
0.302

-0.182
0.141

0.584
0.064

0.376
0.448

0.343
0.544

0.670
0.670

0.170
1.000

0.940
-0.293

0.563
0.645

0.940

U
N

3
0.222

-0.206
0.110

0.609
0.083

0.368
0.449

0.349
0.549

0.608
0.608

0.174
0.970

0.9T
h

-0.323
0.573

0.632
0.970

NI
0.020

0.230
0.337

0.567
0.095

0.205
0.234

-0.019
0.579

0.730
0.730

0.612
0.427

0.434
-0.041

0.703
0.765

0.434
01

0.177
0.146

0.210
0.484

-0.080
0.216

0.195
-0.086

0.538
0.895

0.895
0.679

0.553
0.521

0.113
0.869

0.945
0.521

E
PU

I
0.240

-0.296
-0.154

0.693
-0.277

0.356
0.251

-0.018
0.612

0.588
0.588

0.461
0.318

0.325
-0.274

0.400
0.609

0.325

P
age

2
D

O
3
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IN
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L
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L
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M
0D
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%
M
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M

V
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O
M

V
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O
M

V
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tIV
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B
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t)

TC
_(n)

TC
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t)

%
T

01_)n)

%
T

01_)w
t)

CPU
E

O
EN

IN
T

IN
TO

L

LITOT

M
O

O

N
A

T

N
FSH

N
M

IN

N
IU

N

O
H

_B
_SU

N

PB
T

O
I

tIv

S
t

SU
N

I

6N
2

9N
3

NI

0
1

V
PU

E

0.065

0.152

0.072

0.347

0.000

-0.169
-0.087

-0.116

-0.066
0.473

0.206

0.078

0.064

0.063

-0.056
-0.063

0.474

0.302

-0.102
0.141

0.504

0.064

0.376

0.446
0.343

0.544

0.678

6.676

0.170

1.060

9.940

-0.293

0.563

0.645
0.940

6
-g

o
t

0.427

0.553

0.316

0.086

0
1

3
4

0.057

0.350

-0.026

-0.175
-0.063

-0.116

-0.047
0.487

0.203

0.100

0.083

0.063

-0.047
-0.019

0.398

0.222

-0.206
0.110

0.609

0.083

0.368

0.449
0.349

0.549

0.659

0.69B
0.174

0.970

0.970

-0.323

0.573
9.632

0.970

0.970

0.445

0.534

0.327

-0.187

-0.100

0.129

0.016

0.187

0.356
0.337

0.390

0.345
0.093

-0.027

0.107

0.096

0.377
0.434

0.341

-0.072

0.020

0.230
0.337

0.567

0.095

0.285

0.234
-0.019

0.578

0.730

0.730
0.612

0.427

0.434

-0.041

0.733
0.765

0.434

0.427

0.445

0.721

0.511

-0.076

0.167

0.264

-0.044

0.110

0.029
0.156

0.107

0.165

0.142
-0.019

-0.073

-0.079

0.200

0.054

0.160
0.241

0.177

0.146
0.210

0.484

-0.080

0.216

0.195

-0.006
0.538

0.895

0.B
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0.679
0.553

0.521

0.113
0.869

0.945
0.521
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0.534
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0.477

-0.052
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0.057

0.058

0.394

-0.172
-0.151
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-0.032

0.390
0.411

-0.271

-0.276

-0.101

0.004

-0.099
0.273

0.240

-0.296
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0.693

-0.277

0.356

0.251
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0.612

0.588

0.588

0.461
0.318

0.325

-0.274
0.488
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0.477
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o
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o
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M
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S
um

m
ary

and
C

onclusions

A
seven-year

m
acroinvertebrate

database
w

as
developed

by
the

M
etropolitan

W
ater

R
eclam

ation

D
istrict

of
G

reater
C

hicago
(D

istrict)
and

used
herein

to
characterize

the
benthic

com
m

unity

w
ithin

the
C

hicago
A

rea
W

aterw
ay

System
(C

A
W

S).
T

his
technical

m
em

orandum
looked

at
the

m
acroinvertebrate

data
com

bined
for

the
entire

C
A

W
S,

and
separately

by
A

W
Q

M
station

and
by

reach.
R

egardless
of

w
hether

the
data

w
ere

assessed
by

the
C

A
W

S,
by

station,
or

by
reach,

the

results
are

sim
ilar;

the
m

acroinvertebrate
com

m
unity

is
dom

inated
by

a
few

opportunistic

D
iptera

and
non-insecttaxa.

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

(P
hylum

A
nnelida)

dom
inate

the
benthic

com
m

unity,
com

prising
over

74
percent

ofall
m

acroinvertebrates
collected

from
the

C
A

W
S

over

the
seven-year

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

rostrform
is

bugensis
com

prise

15
percent

of
the

sam
ples.

T
hese

m
ussels

w
ere

collected
in

very
high

densities
in

the
C

alum
et

area.

T
axa

representing
the

classic
pollution-intolerant

organism
s,

the
E

phem
eroptera,

Plecoptera,
and

T
ricoptera

(E
PT

),
are

exceedingly
scarce

in
the

C
A

W
S.

P
lecopterans

are
not

present
at

all,
and

ephem
eropterans

and
tricopterans

are
found

in
very

low
densities

w
ith

only
a

few
taxa.

A
t

m
ost

A
W

Q
M

stations
tw

o
or

few
er

E
PT

taxa
w

ere
collected,

w
ith

E
PT

densities
less

than
one

percent.

A
n

analysis
ofthe

differences
betw

een
sam

pling
m

ethods,
i.e.

grab
sam

ples
(ponar)

and
artificial

substrate
sam

ples
(hester-dendy),

show
that

richness
m

easures
(total

richness,
E

PT
richness,

and

diptera
richness)

are
higher

in
the

hester-dendy
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

ost
ponar

sam
ples.

C
learly,

the

tw
o

sam
pling

m
ethods

collected
different

organism
s

and
in

different
quantities.

T
he

ponar
grab

sam
ples

are
heavily

dom
inated

by
oligochaetes,

com
prising

nearly
100

percent
of

the
sam

ples
at

m
any

stations
(and

reaches).
W

hile
the

hester-dendy
sam

ples
also

have
high

num
bers

of

oligochaetes
they

com
prise

far
less

of
the

sam
ple

than
in

the
ponar

sam
ples.

A
t

several
A

W
Q

M

stations
in

the
C

alum
et

area
the

hester-dendy
sam

ples
had

high
num

ber
of

zebra
and

quagga

m
ussels

and
low

er
taxa

richness.
It

is
likely

that
these

m
ussels

attached
them

selves
to

the
hester

dendy
artificial

substrate,
covering

the
sam

plers
in

such
high

num
bers

that
very

few
other

m
acroinvertebrates

could
colonize

the
sam

pling
apparatus.

W
e

also
exam

ined
the

effect
of

the
D

istrict’s
w

ater
reclam

ation
plants

(W
R

P)
on

1
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m
acronvertebrate

com
m

unities.
W

e
tested

the
equality

of
m

edians
for

23
m

etrics
upstream

and

dow
nstream

of
the

three
m

ajor
treatm

ent
plants

discharging
to

the
C

A
W

S.
W

e
concluded

that,

for
m

ost
m

etrics,
there

w
as

no
difference

betw
een

the
m

edian
m

acroinvertebrate
com

m
unities

upstream
and

dow
nstream

ofthe
three

w
astew

ater
treatm

entplants.

B
ack

g
ro

u
n
d

U
nder

contract
to

L
im

noT
ech,

Inc.,
B

aetis
E

nvironm
ental

Services,
Inc.

(B
aetis)

has
been

retained
to

analyze
m

acroinvertebrate
data

collected
from

the
C

hicago
A

rea
W

aterw
ay

System

(C
A

W
S)

betw
een

2001
and

2007.
T

he
analysis

supports
the

C
A

W
S

H
abitat

E
valuation

and

Im
provem

ent
Study

sponsored
by

the
M

etropolitan
W

ater
R

eclam
ation

D
istrict

of
G

reater

C
hicago

(M
W

R
D

G
C

).
T

his
technical

m
em

orandum
is

an
interim

deliverable,
providing:

•
A

general
description

of
the

m
acroinvertebrate

populations
and

com
m

unities
of

the
C

A
W

S,

•
A

n
analysis

of
any

differences
that

exist
in

the
m

acroinvertebrate
com

m
unity

betw
een

sam
pling

stations
and

reaches,
and

•
A

n
analysis

of
any

differences
that

exist
betw

een
the

grab
sam

ples
(ponar)

and
artificial

substrate
sam

ples
(hester-dendy).

M
ethodology

M
acroinvertebrates

w
ere

collected
annually

each
sum

m
er

from
the

C
A

W
S

from
2001-2007

by

M
W

R
D

G
C

,
w

ith
enum

eration
and

identification
by

E
A

E
ngineering,

Science,
and

T
echnology,

Inc
(E

A
)

of
D

eerfield,
IL

.
F

or
purposes

of
study,

the
C

A
W

S
has

been
divided

into
tw

enty

reaches.
O

f
these

tw
enty,

m
acroinvertebrate

data
w

ere
collected

from
seventeen

reaches

(m
acroinvertebrate

data
w

ere
not

collected
from

reaches
5,

16,
and

20).
T

w
enty-three

sam
pling

stations
are

located
throughout

the
seventeen

C
A

W
S

reaches.
Figure

1
show

s
the

locations
ofthe

sam
pling

stations
and

reaches.
T

he
D

istrict
uses

both
hester-dendy

sam
plers

(m
ulti-plate

apparati)
and

ponar
dredge

sam
plers

at
each

A
W

Q
M

station.
M

ost
m

acroinvertebrates
w

ere

identified
to

genus;
w

here
possible

species-level
identifications

w
ere

com
pleted.

A
detailed

description
of

the
m

ethodology
is

provided
by

E
A

in
their

2006
report

(E
A

2006).
L

im
noT

ech,

Inc.
com

piled
E

A
’s

datasets
into

one
database

for
this

project.
D

escriptive
and

inferential

statistics
w

ere
derived

for
the

2001-2007
m

acroinvertebrate
database

using
SA

S
softw

are
(V

ers.

9.1,
SA

S
Institute

Inc.
C

ary,
N

.C
.)

2
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M
acroinvertebrate

C
om

m
unity

C
om

position
in

the
C

A
W

S

G
eneral

O
ver

eight
m

illion
m

acroinvertebrates
w

ere
collected

and
identified

betw
een

2001
and

2007.

T
hey

represented
130

m
acroinvertebrate

taxa,
though

nearly
all

the
diversity

can
be

attributed
to

the
order

D
ipera

(true
flies)

and
to

non-insect
taxa

such
as

O
ligochaeta,

flatw
orm

s,
leeches,

isopods,
am

phipods,
snails,

and
bivalves

(T
able

1).
N

early
half

of
the

taxa
(63)

w
ere

from
the

order
D

iptera,
alm

ost
all

w
ithin

the
fam

ily
C

hironom
idae,

a
fam

ily
of

non-biting
flies

that
can

often
com

prise
at

least
fifty

percent
of

the
species

diversity
in

a
stream

(C
offm

an
et

al.
1996).

F
orty-four

non-insect
taxa

w
ere

collected
from

the
C

A
W

S.
O

utside
ofthe

fam
ily

C
hironom

idae,

taxa
richness

of
the

insect
com

m
unity

w
ithin

the
C

A
W

S
w

as
low

.
T

he
pollution-sensitive

orders

E
phem

eroptera
(m

ayflies),
T

ricoptera
(caddisflies),

and
P

lecoptera
(stoneflies)

(E
PT

)
w

ere

poorly
represented;

only
fourteen

taxa
w

ithin
these

orders
w

ere
collected.

T
he

m
acroinvertebrate

com
m

unity
of

the
C

A
W

S
is

dom
inated

by
a

few
pollution-tolerant

taxa.

O
ligochaetes,

a
class

of
pollution-tolerant

aquatic
w

orm
s

found
in

soft
m

ud
bottom

s,
com

prised

nearly
73

percent
of

all
m

acroinvertebrates
collected

from
the

C
A

W
S

(T
able

2).
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

rostrform
is

bugensis
com

prised
15

percent
of

the
sam

ples.
T

hese
invasive

species
w

ere
introduced

into
the

G
reat

L
akes

region
in

ballastw
ater

from
oceangoing

vessels
and

have
had

far-reaching
and

deleterious
im

pacts
(Sm

ith
2001,

U
SG

S
2008,

U
SD

A
2008).

T
rue

flies
(O

rder
D

iptera)
are

the
third

m
ost

abundant
taxon,

at
nearly

6
percent

of
the

collections.

W
ithin

this
order,

the
fam

ily
C

hironom
idae,

a
fam

ily
often

associated
w

ith
environm

ental

perturbation,
accounted

for
nearly

all
the

diptera
present.

In
com

parison,
the

densities
of

pollution-sensitive
m

ayflies,
caddisflies,

and
stoneflies

that
w

ere
collected

w
ere

very
low

,

com
prising

only
0.00

1
percent

of
the

sam
ples.

T
hese

taxa
are

often
the

first
to

decline
in

a

stressed
system

.

A
shift

tow
ards

dom
inance

by
a

few
taxa

indicates
environm

ental
stress.

In
healthy,

natural

aquatic
system

s
the

m
acroinvertebrate

com
m

unity
is

not
dom

inated
by

a
few

taxa
but,

instead,

has
a

m
ore

balanced
distribution.

T
he

percent
contribution

of
such

organism
s

as
O

ligochaeta
and

D
iptera

are
expected

to
increase

in
response

to
stream

perturbation.
T

hese
dom

inant
taxa

collected
from

the
C

A
W

S
are

opportunistic
taxa

that
can

exist
in

stressed
or

m
an-m

ade

environm
ents

and
are

often
indicators

of
poor

w
ater

quality,
poor

sedim
ent

quality,
andlor

poor

4
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habitat
quality.

A
ssessm

ent
B

y
S

am
pling

S
tation

A
description

of
the

m
acroinvertebrate

com
m

unity
collected

from
each

sam
pling

station
is

provided
below

.
In

general,
w

hile
there

are
som

e
notable

differences
betw

een
stations,

the
data

show
that

all
stations

support
a

m
acroinvertebrate

com
m

unity
dom

inated
by

a
few

opportunistic

taxa
in

the
D

iptera
and

non-insect
groups.

Figure
1

show
s

the
A

W
Q

M
stations

that
the

D
istrict

sam
ples

in
the

C
A

W
S.

T
able

1
provides

counts
of

total
taxa

collected
from

each
station.

T
he

highest
total

richness

values
w

ere
found

at
A

W
Q

M
92

(58
taxa)

and
A

W
Q

M
76

(54
taxa).

T
hese

stations
had

m
ore

sam
ples

taken
(28)

than
m

any
other

stations;
thus

the
higher

richness
values

m
ay

be
a

result
of

increased
sam

pling
effort

rather
than

a
larger

‘pool’
of

m
acroinvertebrates.

L
ow

est
total

richness

w
as

found
at A

W
Q

M
99

(14
taxa)

and
atA

W
Q

M
40

(19
taxa),

tw
o

of
the

least
sam

pled
stations.

E
PT

richness
w

as
low

for
all

stations.
In

general,
tw

o
or

few
er

E
PT

taxa
w

ere
collected

from

each
station,

although
there

w
ere

som
e

exceptions.
A

W
Q

M
92

and
A

W
Q

M
75

had
the

highest

E
PT

richness
values

w
ith

7
taxa

(A
W

Q
M

92)
and

6
taxa

(A
W

Q
M

75).
A

gain,
A

W
Q

M
92

w
as

one
of

the
m

ost
sam

pled
stations;

A
W

Q
M

75
w

as
also

sam
pled

m
ore

than
m

any
stations.

E
ven

considering
the

num
ber

of
sam

ples
taken

at
these

stations,
E

PT
richness

values
w

ere
low

.

A
W

Q
M

stations
46,

99,
and

101
had

E
PT

richness
values

of
zero.

A
W

Q
M

46
w

as
also

one
of

the
m

ost
sam

pled
stations

so
an

E
PT

richness
value

of
zero

certainly
indicates

poor
aquatic

conditions
at

this
site.

T
able

2
provides

a
com

parison
by

station
of

the
m

acroinvertebrate
com

m
unity

com
position

and

functional
feeding

groups.
B

y
abundance,

oligochaetes
dom

inate
the

m
acroinvertebrate

com
m

unity
at

m
ost

stations.
O

ligochaetes
w

ere
found

in
the

highest
densities,

com
prising

over

half
the

m
acroinvertebrates

in
sam

ples
from

all
but

three
stations.

In
fifteen

of
the

23
stations,

oligochaetes
com

prised
over

70
percent

or
m

ore
of

the
sam

ples.
T

here
w

ere
only

three
stations

(A
W

Q
M

49,
55,

and
56)

w
here

oligochaetes
represented

less
than

half
the

m
acroinvertebrates

w
ithin

each
sam

ple.
Sam

ples
from

these
three

stations
contained

large
num

bers
of

zebra
m

ussels

and
quagga

m
ussels,

particularly
A

W
Q

M
55

(94
percent

of
the

sam
ple)

and
A

W
Q

M
56

(50

percent
ofthe

sam
ple).

5
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T
he

invasive
zebra

m
ussel

and
the

quagga
m

ussels
appear

to
have

a
patchy

distribution
w

ithin

the
C

A
W

S
w

ith
the

highest
num

bers
found

in
A

W
Q

M
55

(94
percent)

follow
ed

by
A

W
Q

M

stations
56,

49
and

76
(see

T
able

2
-

%
D

reissena
sp.).

T
hese

stations
are

in
the

C
alum

et
area,

an

area
that

supports
heavier

barge
traffic

than
the

other
reaches

on
the

C
A

W
S.

It
is

probable
that

barge
and

boat
traffic

in
this

area
contributed

to
the

spread
of

zebra
and

quagga
m

ussels
in

this

area,
although

w
e

cannot
dism

iss
the

L
ake

M
ichigan

diversion
flow

s
through

the
C

alum
et

R
iver.

Far
few

er
num

bers
of

these
species

are
found

at
other

A
W

Q
M

stations
in

the
C

A
W

S,
and

the

m
ussels

are
absent

from
m

any
other

reaches.

T
he

average
percent

E
PT

(PE
R

_E
PT

)
w

as
very

low
for

all
stations

w
ith

the
highest

percentages

just
at

2
percent

(A
W

Q
M

43
and

A
W

Q
M

56)
(T

able
2).

A
W

Q
M

108
had

the
third

highest

P
E

R
_E

P
T

at
just

over
1.5

percent.
T

he
rem

aining
stations

had
average

E
PT

densities
of

less

than
1

percent
per

sam
ple.

In
non-w

adeable
natural

rivers
the

typical
m

acroinvertebrate
assem

blage
is

dom
inated

by

collector
functional

feeding
groups

(U
SE

PA
2006).

In
the

C
A

W
S,

nearly
all

stations
are

dom
inated

by
the

collector
functional

feeding
group.

A
t

m
any

stations
collector-gatherers,

heavily
represented

by
oligochaetes,

com
prise

90+
percent

ofthe
com

m
unity.

T
hese

taxa
feed

by

collecting
organic

particles
from

the
debris

and
sedim

ents
on

the
bed

of
a

stream
.

H
igh

num
bers

of
collector

filterers
are

found
at

only
a

few
stations,

A
W

Q
M

55
(94

percent),
A

W
Q

M
56

(50

percent)
and

A
W

Q
M

49
(24

percent).
C

ollector-filterers
feed

by
collecting

organic
particles

from
the

w
ater

colum
n

using
a

variety
of

filters.
Z

ebra
m

ussels
and

quagga
m

ussels
are

present

in
A

W
Q

M
stations

55
and

56
in

very
high

num
bers;

these
collector-filterer

taxa
also

m
ake

up
a

large
part

of
the

m
acroinvertebrate

com
m

unity
collected

in
A

W
Q

M
49

and
A

W
Q

M
76

although

in
sm

aller
num

bers.
From

the
data,

it
is

evident
that

the
relative

abundance
of

the
different

functional
feeding

groups
is

closely
correlated

w
ith

the
relative

abundance
of

oligochaetes,
zebra

m
ussels,

and
quagga

m
ussels.

Shredders
appear

in
the

sam
ples

in
far

few
er

num
bers,

com
prising

less
than

one
percent

of
the

m
acroinvertebrate

population
at

m
any

stations.
A

W
Q

M
43,

at
7.4

percent,
has

the
highest

proportion
of

shredders.
Shredders

feed
on

leaf
litter

and
other

organic
m

aterial
from

the
riparian

zone
in

sm
aller,

natural,
headw

ater
stream

s.
T

hey
convert

this
leaf

litter,
or

coarse
particulate

organic
m

atter
(C

PO
M

)
to

fine
particular

organic
m

atter
(FPO

M
)

w
hich

is
consum

ed
by

the

collector
functional

feeding
group

in
dow

nstream
reaches.

T
he

C
A

W
S,

w
hich

is
a

larger
n
o

n

w
adeable,

m
anm

ade
w

aterw
ay,

supports
a

m
acroinvertebrate

com
m

unity
that

is
strongly

-7
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com
prised

ofthe
collector

functional
feeding

group.
It

appears
from

the
data

that
the

influence
of

the
riparian

zone
and

C
PO

M
input

is
reduced

throughout
the

w
aterw

ay
and

lim
its

this
feeding

group.

Scrapers
are

rarer
than

shredders
in

the
C

A
W

S
w

ith
the

highest
percentages

collected
from

A
W

Q
M

39
(2.6

percent)
and

A
W

Q
M

99
(1

percent).
A

ll
other

stations
had

scraper
percentages

less
than

one
percent.

A
ssessm

ent
B

y
R

each

For
planning

purposes,
the

m
acroinvertebrate

m
etrics

w
ere

also
calculated

by
reach;

the
results

are
show

n
in

T
able

3.
D

esignated
reaches

are
show

n
in

Figure
1.

T
he

trends
observed

by
reach

correspond
to

the
trends

observed
at

each
sam

pling
station,

i.e.
w

ithin
each

reach
the

m
acroinvertebrate

com
m

unity
is

dom
inated

by
a

few
taxa

in
the

D
iptera

and
non-insect

groups.

C
onsistent

w
ith

the
station

data,
the

highest
total

richness
values

are
found

in
reaches

13,
19,

and

18
w

ith
58

taxa
found

in
reaches

13
and

19,
and

54
taxa

collected
in

reach
18.

R
eaches

13
and

18

contain
stations

A
W

Q
M

92
and

76
w

hich
had

the
highest

taxa
richness

out
of

all
sam

ples;
reach

19
contains

A
W

Q
M

43
and

59,
w

hich
also

had
high

taxa
richness

scores.
L

ow
est

total
richness

w
as

found
in

reaches
12

and
7,

w
ith

6
and

14
taxa,

respectively.
T

hese
are

also
tw

o
of

the
least

sam
pled

reaches.
R

each
7

is
the

heavily
contam

inated
B

ubbly
C

reek
w

aterw
ay

so
it

is
not

surprising
that

the
richness

values
are

low
.

R
each

12
w

as
sam

pled
only

once
during

the
2001-

2007
period.

W
ith

the
exception

of
reaches

10
and

13,
four

or
few

er
E

PT
taxa

w
ere

collected
from

each
reach.

Six
E

PT
taxa

w
ere

collected
from

reach
10;

seven
E

PT
taxa

w
ere

collected
from

reach
13.

T
he

stations
w

ith
the

highest
E

PT
richness,

A
W

Q
M

92
and

A
W

Q
M

75,
are

the
only

stations
located

w
ithin

these
reaches.

In
nine

ofthe
17

reaches,
oligochaetes

com
prised

80
percent

or
m

ore
ofthe

sam
ples.

T
here

w
ere

only
four

reaches
(reaches

12,
14,

15,
and

17)
w

here
oligochaetes

represented
less

than
half

the

m
acroinvertebrates

w
ithin

each
sam

ple.
R

eaches
14,

15,
and

17
are

in
the

C
alum

et
area

w
here

other
non-insect

invertebrates,
prim

arily
invasive

zebra
and

quagga
m

ussels,
have

replaced

oligochaetes
as

the
m

ost
abundant

organism
.

T
he

average
percent

dom
inance

is
also

provided
in

T
able

3.
A

s
expected,

the
average

percent

dom
inance

for
each

reach
is

high.
A

gain,
the

assem
blage

w
ithin

each
reach

is
dom

inated
by

a

-8
-
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few
taxa

w
hich

have
resulted

in
low

ered
diversity.

W
ith

the
exception

of
reach

12
(w

hich
w

as

only
sam

pled
once),

each
reach

has
average

percent
dom

inance
values

over
65

percent;
w

ith

m
any

reaches
w

ith
average

percent
dom

inance
values

over
80

percent.
B

ased
upon

the
single

sam
ple,

reach
12

does
not

appear
to

be
dom

inated
by

oligochaetes
nor

are
there

one
or

tw
o

taxa

exceedingly
dom

inant
in

the
sam

ples.
H

ow
ever,

a
close

look
at

the
m

acroinvertebrates
collected

from
reach

12
during

the
single

sam
pling

event
indicate

that
a

sam
ple

dom
inated

by

oligochaetes,
flatw

orm
s,

chironom
ids,

leeches,
and

the
exotic

A
siatic

clam
C

orbidula
and

zebra

m
ussel.

R
eaches

14,
15,

and
17

have
high

average
percent

dom
inance

values,
how

ever,
the

sam
ples

collected
from

these
reaches

are
not

dom
inated

by
oligochaetes;

instead,
these

com
m

unities
are

dom
inated

by
hydra

and
quagga

m
ussels

(reach
14)

and
quagga

m
ussels

and

zebra
m

ussels
(reaches

15
and

17).

T
he

percent
E

PT
is

very
low

for
all

reaches,
the

m
axim

um
being

2%
(in

reach
17).

W
hile

reach

17
has

low
E

PT
richness

w
ith

only
2

taxa,
the

num
bers

of
individuals

appear
to

be
higher

than
in

other
reaches.

T
he

rem
aining

reaches
have

average
E

PT
densities

of
less

than
1

percent
per

sam
ple.

H
igh

num
bers

o
f

collector
filterers,

present
as

zebra
m

ussels,
quagga

m
ussels,

and
the

A
siatic

clam
,

C
orbiculaflum

inea
(reach

12
only),

are
found

in
only

a
few

reaches.
R

each
12

had
39

percent
collector

filterers,
reach

14
had

24
percent,

reach
15

had
94

percent,
and

reach
17

had
50

percent.
A

W
Q

M
49,

55,
and

56
are

the
only

stations
w

ithin
reaches

14,
15,

and
17

so
the

results

are
the

sam
e

for
both.

Shredders
appear

throughout
in

far
few

er
num

bers,
com

prising
less

than

one
percent

in
m

any
reaches.

R
each

14,
at3.7

percent,
has

the
highest

num
ber

of
shredders.

-9
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C
om

parison
B

etw
een

S
am

pling
P

rotocols

W
e

investigated
differences,

if
any,

betw
een

the
grab

sam
ples

(ponar)
and

artificial
substrate

sam
ples

(hester-dendy).
C

learly,
the

tw
o

sam
pling

m
ethods

collect
different

organism
s

in

different
quantities.

T
able

4
com

pares
the

results
of

the
tw

o
sam

pling
m

ethods
for

the
entire

C
A

W
S;

T
ables

5
through

7
com

pare
the

results
of

the
tw

o
sam

pling
m

ethods
by

sam
pling

station.
C

om
parisons

by
reach

are
presented

in
T

ables
7

and
8.

G
reater

num
bers

of
m

acroinvertebrates
w

ere
collected

using
a

ponar
sam

pler
than

the
h

ester

dendy
apparatus

(T
able

4);
im

portantly
how

ever,
taxa

richness
w

as
m

uch
higher

in
the

h
ester

dendy
sam

ples.
R

ichness
m

easures
w

ere,
in

fact,
m

uch
higher

in
the

hester-dendy
sam

ples
for

every
richness

category
assessed.

T
hus,

w
hile

higher
num

bers
w

ere
collected

w
ith

the
ponar

in

the
C

A
W

S,
the

ponar
sam

ples
collected

few
er

taxa
and

had
overall

low
er

diversity.

C
om

m
unity

com
position

m
easures

for
the

C
A

W
S

show
thatthe

hester-dendy
sam

ples
had

higher

percentages
of

D
iptera

and
E

PT
individuals.

H
ester-dendy

sam
ples

also
had

higher
num

bers
of

the
invasive

zebra
m

ussel
and

quagga
m

ussel
(G

enus
D

reissena).
P

onar
grab

sam
ples,

in

com
parison,

had
very

high
num

bers
of

oligochaetes;
com

prising
97

percent
of

the
ponar

sam
ples

for
the

C
A

W
S.

O
ligochaetes

m
ake

up
only

65
percent

of
the

hester-dendy
sam

ples
for

the

C
A

W
S

(T
able

4).

B
ecause

oligochaetes,
w

hich
fall

w
ithin

the
collector-gatherer

functional
feeding

group,
m

ake
up

the
vast

m
ajority

of
the

m
acroinvertebrate

collections
in

the
ponar

grab
sam

ples,
it

is
not

surprising
that

this
sam

pling
technique

has
a

m
uch

higher
percentage

of
collector-gatherers.

In

contrast,
the

hester-dendy
sam

ples
have

a
m

uch
low

er
percentage

of
collector-gatherers

and
a

higher
percentage

of
the

shredder,
scraper,

collector-filterer,
and

predator
functional

feeding

groups.
T

his
is

likely
the

result
of

the
higher

m
acroinvertebrate

diversity
found

in
the

h
ester

dendy
sam

ples.

Station-w
ise

and
reach-w

ise
com

parisons
show

sim
ilar

patterns
(T

ables
5-7

and
T

ables
8-9).

W
ith

only
tw

o
exceptions

(A
W

Q
M

101,
one

of
tw

o
stations

in
reach

2,
and

A
W

Q
M

55
the

only

station
in

reach
15)

total
richness

and
E

PT
richness

values
are

higher
in

the
hester-dendy

sam
ples

for
each

station
and

reach.
T

he
ponar

grab
m

ethod
did

not
collect

E
PT

taxa
from

m
ost

stations,

w
hile

the
hester-dendy

m
ethod

collected
E

PT
taxa

from
all

stations
w

ith
the

exception
of

three.

W
ith

few
exceptions,

D
iptera

richness
is

also
higher

in
the

hester-dendy
sam

ples.

—
11—
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T
able

4

C
O

M
P

A
R

IS
O

N
O

F
P

O
N

A
R

A
N

D
H

E
S

T
E

R
-D

E
N

D
Y

S
A

M
P

L
IN

G
M

E
T

H
O

D
S

P
onar

H
ester-D

endy
T

otal
#

Sam
ples

C
ollected

176
171

T
otal

#
of Individuals

5,091,260
3,192,962

R
ichness

M
easures

T
otal

R
ichness

81
111

E
PT

R
ichness

5
13

E
phem

eroptera
R

ichness
2

5
T

ricoptera
R

ichness
3

8
D

iptera
R

ichness
43

53

C
om

m
unity

C
om

position
and

F
unctional

Feeding
G

roup

%
D

iptera
1.9

12
%

C
hironom

idae
1.9

12
%

O
ligochaeta

97
65

%
D

reissena
0.4

39
%

E
PT

0.005
0.3

%
Shredders

0.3
2.5

%
Scrapers

0.03
0.6

%
C

ollector-filterers
0.6

38.7
%

C
ollector-gatherers

97.5
47.3

%
Predators

1.7
10

A
s

discussed
above,

throughout
the

C
A

W
S

higher
num

bers
of

individuals
w

ere
collected

using

the
ponar

sam
pling

m
ethod

(T
able

4).
T

hat
said,

w
hen

looking
at

a
station

com
parison

and
a

reach
by

reach
com

parison,
one

can
see

that
in

approxim
ately

half
the

stations
and

reaches
the

hester-dendy
sam

ples
have

higher
num

bers
of

m
acroinvertebrates

than
the

ponar
sam

ples.
It

is

interesting
to

note
that

in
A

W
Q

M
55

(the
only

station
in

reach
15)

m
acroinvertebrates

w
ere

collected
in

vastly
greater

num
bers

using
the

hester-dendy
(1,079,540

individuals)
than

the
ponar

(39,746
individuals)

yet
the

hester-dendy
sam

ples
at

this
site

have
low

er
richness

values
for

several
m

etrics
in

com
parison

to
the

ponar
sam

ples.
T

he
high

num
bers

of
m

acroinvertebrates

coupled
w

ith
low

diversity
in

reach
15

can
be

explained
by

the
very

high
num

bers
of the

invasive

zebra
m

ussels
and

quagga
m

ussels
that

dom
inate

the
hester-dendy

sam
ples.

It
is

likely
that

these

m
ussels

attached
them

selves
to

the
hester-dendy

artificial
substrate

in
reach

15
(and

to
a

lesser

extent
in

reaches
14,

17,
and

18)
covering

the
sam

plers
in

such
high

num
bers

that
very

few
other

-
12

-
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m
acroinvertbrates

could
colonize

the
sam

pling
apparatus.

A
s

in
the

overall
C

A
W

S,
the

ponar
grab

sam
ples

are
heavily

dom
inated

by
oligochaetes,

com
prising

nearly
100

percent
of

the
sam

ples
at

m
any

stations
(and

reaches).
W

hile
the

h
ester

dendy
sam

ples
also

have
high

num
bers

of
oligochaetes

they
com

prise
far

less
of

the
sam

ple
than

in
the

ponar
sam

ples.
In

conjunction
w

ith
the

high
oligochaete

percentages,
collector-gatherers

are
the

dom
inant

functional
feeding

group
in

the
ponar

sam
ples

collected
from

each
station

(and

reach).

-
13

-
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C
o

m
p

ariso
n

of
the

B
enthic

C
o

m
m

u
n

ity
U

p
stream

an
d

D
o
w

n
stream

of
W

R
P

s

W
e

exam
ined

the
effect

of
sam

pling
m

ethod
on

m
easuring

the
effects

of
D

istrict
w

ater

reclam
ation

plants
(W

R
P)

on
m

acronvertebrate
m

etrics.
M

etrics
w

ere
taken

from
W

essel
et

al.

(2008).
W

e
tested

the
equality

of
m

edians
for

each
m

etric
upstream

and
dow

nstream
of

the
three

m
ajor

treatm
ent

plants
discharging

to
the

C
A

W
S.

T
he

data
are

not
norm

ally
distributed

and

could
not

be
readily

transform
ed

to
approxim

ate
a

norm
al

distribution.
T

herefore
w

e
perform

ed

the
non-param

etric
K

ruskal-W
allis

‘A
N

O
V

A
’

test.
W

e
concluded

that,
for

m
ost

m
etrics,

there

w
as

no
difference

betw
een

the
m

edian
m

acroinvertebrate
m

etrics
upstream

and
dow

nstream
of

the
D

istrict’s
three

m
ajor

W
R

Ps
(T

able
8).

A
few

m
etrics

do,
how

ever,
show

a
statistical

difference
upstream

and
dow

nstream
of

the
W

R
Ps.

In
no

case
do

the
results

of
the

K
rustal-W

allis
test

using
ponar

data
agree

w
ith

the
results

from

the
sam

e
test

using
hester-dendy

data.
T

his
supports

our
belief

that
the

sam
pling

protocols

m
easure

different
populations.

W
e

therefore
present

T
able

8
w

ith
caution,

and
rem

ind
readers

that
non-param

etric
m

ethods,
w

hile
m

ore
robust

(few
er

assum
ptions),

do
not

have
the

pow
er

of

param
etric

m
ethods.

T
hat

said,
the

follow
ing

conclusions
can

be
m

ade
from

the
K

rustal-W
allis

testing:
%

collector-filterers
(C

F)
and

T
_B

FPO
M

m
etrics,

indicate
differences

betw
een

upstream

and
dow

nstream
benthic

com
m

unities
at

the
N

orth
Side

and
Stickney

W
R

Ps.
T

he
T

_B
FPO

M

m
etric

m
easures

the
ratio

of
the

total
num

ber
ofcollector

filterers
to

the
total

num
ber

of
collector

gatherers.
A

t
the

C
alum

et
W

R
P,

the
m

edian
percentage

of
E

PT
taxa

and
the

m
edian

percentage

of
T

ricoptera
taxa

from
the

hester-dendy
sam

ples
are

statistically
different

upstream
and

dow
nstream

.
T

he
percentage

of
D

iptera
(and

percentage
of

chironom
ids)

from
the

ponar

sam
ples

also
show

significant
differences

upstream
and

dow
nstream

ofthe
C

alum
et W

R
P.

-
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T
able

8

P
-V

A
L

U
E

S
F

R
O

M
T

E
S

T
S

O
F

E
Q

U
A

L
M

E
D

IA
N

S
IN

T
H

E
M

A
C

R
O

IN
V

E
R

T
E

B
R

A
T

E
M

E
T

R
IC

S
U

P
S

T
R

E
A

M
A

N
D

D
O

W
N

S
T

R
E

A
M

O
F

T
H

R
E

E
W

R
P

S

R
each

N
orth

S
ide

W
R

P
S

tickney
W

R
P

C
alum

et
W

R
P

M
etric

(R
eaches

1
&

2)
(R

eaches
10

&
11)

(R
eaches

17
&

18)

P
N

lID
PN

H
D

P
N

H
D

%
C

ollector-F
ilterer

0.0094*
0.8413

0.0013*
0.73

13
0.0696

0.8734
%

C
ollector-G

atherer
0.8894

0.0106*
0.1103

0.0721
0.9154

0.9154
C

_F
P

O
M

0.5931
0.0472*

0.4810
0.0612

0.2120
0.2403

D
iptera

R
ichness

0.9776
0.9776

0.4494
0.1605

0.0748
0.1305

E
P

T
_D

IP
1.0

0.6864
0.8522

0.1639
1.0

0.9570
E

PT
R

ichness
1.0

0.5717
0.8888

0.1522
1.0

0.4085
E

phem
eroptera

1.0
0.1464

0.2705
0.2673

1.0
0.0614

R
ichness

F
F

G
_D

IV
0.8014

0.8673
0.6959

0.2529
0.1487

0.5538
H

A
B

ST
A

B
0.1082

0.1882
0.0067*

0.9267
0.0547

0.9154
%

C
hironom

idae
0.7595

0.2433
0.9674

0.3686
0.0250*

0.75
%

D
iptera

0.7595
0.2433

0.8380
0.3686

0.0250*
0.75

%
D

om
inance

0.6565
0.7389

0.1522
0.0956

0.9154
0.2882

%
E

phem
eroptera

1.0
0.1332

0.2705
0.2673

1.0
0.0614

%
E

PT
1.0

0.5
184

0.8522
0.0650

1.0
0.0424*

%
O

ligochaeta
0.6565

0.6171
0.1522

0.1360
0.9154

0.6708
%

T
ricoptera

1.0
0.8250

0.3642
0.0500*

1.0
0.0424*

%
P

redators
1.0

0.0015*
1.0

0.1355
0.0534

0.9154
P

R
F

F
G

0.4647
0.1386

0.7964
0.4081

0.3248
1.0

T
axa

R
ichness

0.845
1

1.0
0.7600

0.1404
0.393

1
0.8721

%
Scrapers

0.6863
0.4401

0.9258
0.9808

0.3267
0.004*

%
Shredders

0.593
1

0.0883
0.48

10
0.0575

0.2
120

0.2002
T

B
F

P
O

M
0.0076*

0.8413
0.0013*

0.73
13

0.0696
0.9576

T
ricoptera

R
ichness

1.0
0.7565

0.3642
0. 1445

1.0
0.8073

*p<o.o5.
U

pstream
and

dow
nstream

reaches
are

statistically
different.
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