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Elements of EMAP Streams

Design

» Probability designs - extrapolated to a target
population with known confidence

= Plot-scale design — consistent and sufficient
sampling effort in all stream types
Indicators

= Focus on biological indicators and indices
(ecological condition)

= Extensive indicators of physical, chemical and
biological habitat (relative importance of stressors)

» Reference condition (setting expectations)
Assessment tools
Regional demonstrations
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Mid Atlantic Highlands Assessment

(MAHA - 1993-94)
SEPA %ﬁ;;;ntic H?r;l;;;s e Wadeable streams
St e L (1st through 3rd order)

CANADA Q

NEW YORIK

KENTUCKY

79,000 mi?

Portion of Region lll, portions of 5 states
RESEARCH & DEVELOFMENT

-
<
w
=
-
.
O
&
L
-
—
p
)
o
<L
<L
o 8
i
2,
-

NORTH CAROLINA

Building a scientific foundation for sound environmental decisions




Mid Atlantic Integrated Assessment
(MAIA - 1997-98)

o EPAm»gma . Office of fosseasch ard Developmene Pebruany 2038
w hgeuy ‘Wishington, OC 21 451 EP A Ha0a1

All perennial flowing waters

Mid-Atlantic Integrated Assessment (MAIA) w
State of the Flowing Waters Report Ecoregions

IRidge
Cvalley
[Wesiem Appelachians

I Nart - Central Appeiachians
bt [ Piedmant

[ Goasl Piain

180,000 mi? o
Region 3, all or part of 8 states
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EMAP Western Pilot
(EMAP-W 2000-04)

All perennial flowing waters,
except “Great Rivers”

Western Pilot Study

EPA Regions 8, 9 and 10

1,223,000 mi?
12 States; Regions 8, 9 and 10
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Wadeable Streams Assessment
(WSA - 2005)

AP GOV oW v EyL Streams

SEPA Wadeable Streams Assessment & Wad eab I e Stre am S
A Collaborative Survey of the Nation's Streams ! ) (1 St th rou g h 3 r d or d e r)
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National River and Stream Assessment
(2008-09)

All perennial flowing
waters, including
“Great Rivers”
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10 Regions, 48 states
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Design - MAHA Site Selection

years
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Design - MAHA Site Selection

O -

@ @ QP 1993

‘ O Other vyears
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Strahler Orders
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- Order
g \\First Orders
def

3 First Orders Secoﬂd Of
a der
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E Third Of
oe
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Strahler Orders

T
4th -]
5th-8th .

0 20000 40000 60000 80000 100000 120000

Strahler Order

Total Stream Length (km)
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Design - GRTS

Eastern portion of WSA

Spatially-balanced
Unequal probabilities based on:
= Omernik ecoregion
= USEPA region
= Strahler order categories:
Expected sample size 500 sites

Additional sites selected to be
used when initial sites can
not be sampled

= Non-wadeable stream
= | andowner access denial
= Physically inaccessible
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Design

- Dealing with an Imperfect Frame
-
>3 RF3 EMAP West Site Evaluation
Length (km) | } | } | I | }
a 84,660 MT
50,764 WY
(@ 48946 CO RIE(I;I?JN
28,242 UT 8
n 16,587 ND
L 13,196 SD
a 95,769 CA Epa
24,093 AZ
5 22,735 NV REGQION
o 87,732 ID EPA
q 86,067 OR REGION
q 69,834 WA 10
% 0.0 0.2 0.4 0.6 0.8 1.0 |
7, Proportion RF3 Perennial Length
-
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Design

- Dealing with an Imperfect Frame - EMAPW
LL) EMAP West Site Evaluation
RF3 .
E Length km) .
: 282,467 1st
2nd
9 ——
52757 4th
ﬂ 65,695 > 5th
g 77643  1st
37833 2nd
- 38,517  3rd ARID
- ECOREGIONS
32,557  4th
E 44124 > 5th
"-E 204,824 1st
q 96,973 2nd HUMID
0 54382 3rd ECOREGIONS
L) 41,772 = 4th
g 0:0 | 0].2 | 0i4 | 016 | 018 | 1.0

Proportion RF3 Perennial Length
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Plains & Lowlénds 1

Design
Dealing with an Imperfect Frame - WSA

P* 52%
| 7.6%

[ 3.4%
[43.1%
H 33.9%
F 63%
| 4%
[HH2.4%
| i 9.8%
] —— 20.8%
10.2% Sampled Perennial
—— 42.4% . Length
] 46.2% . Access Denied
11.7% I:I Inaccessible
% 6.6% I:I Target-not sampled
] H 35.9% |:| Non-target
0 20 40 60 80

% of Stream Length

RESEARCH & DEVELOPMENT

100

Based on office
and field evaluation
of sites in sample.

n each region,
percentages are
percent of NHD
ength in the region
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EPA RF3 Stream Traces

o

80 Elkins, Front Royal, Staunton, Charlottsville Quads 78°
39°
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EPA RF3 Stream Traces
80° Elkins, Front Royal, Staunton, Charlottsville Quads 78’

39° 41 / 52

39 I 24

VA

34 30 3 20

17 12
27 I\ 22
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Plot Design

'''''' Rfe = | 8AMPLING POINTS
¥ s 4 | « LmLeft CuCenter RmRIght
s s + Firgt polnt (transact A)
T cdetermined at ranclom
Distance between transectewd times f:ldt:;artﬂu;ntﬁpalnta assigna in
mean wetted width at X-site ‘

Total reach length=40 times mean wetted width at X-site (minimum=1%0 m)
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Plot Design

Riparian Vegetation & (//

Human Disturbance

Upstream end of K(;k. @

sampling reach

Instream fish cover

Channel/Riparian } £
o st (HD
Cross section =
Transect =
Substrate and Channel =4 %
Measurements o=
A "‘«?.."
V 3 ‘ e .§
TN s
= TN
> 3 =)
Thalweg profile s,
intervals _ %, 5K B
Woody Debris Tally s ‘?&
(between transects) EREY o
i -

Downstream end of %
sampling reach \
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Plot Design - Sample
Sufficiency for Streams

100

S o)) 0o
o o o

N
o

Number of Fish Species (% of total)

0@ ‘ ‘ ‘ ‘ ‘ ‘ ‘
O 10 20 30 40 50 60 70 80
Reach Length (multiples of channel width)
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Percent Cumulative Species

Plot Design - Sample
Sufficiency for Rivers

100

40) 1

4 5 6 7
Number of Subreaches

RESEARCH & DEVELOPMENT

Percent Cumulative Species

100
90 -
80|
704 .
60

50 -
40 -
30
20
10 -
04

150 200 250

Number of Fish
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MAHA Macroinvertebrate Results
Number of EPT Taxa

Ridge
and
Bilue Hidge

Highland Regien

Overall Nard-Larnial

Appatacian

Valley

Western
Apralachian
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EPT Results in Riffles and Pools

MAHA Riffles MAHA Pools
30 30
o
25 - 25 -
7 T ¢ 7
O 20 - T © 20 -
= ey
3] ©
o x
© 15 - [ ] o 15 - { ]
X X
© ©
- T - T
B 10 - l k10 A T
LLl L
5 . l 5
° L 1
0 . . . 0 . . s
REFERENCE SO-SO TRASHED REFERENCE SO-SO TRASHED
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NATIVFAM
NREPROS
NSANGU
NSATHER
NSBENT?2
NSCATO
NSCATO2
NSCENT
NSCOLU
NSCOTT
NSCYPR2
NSDART
NSDRUMX
NSESOXX
NSFUND
NSGAMB
NSICTA
NSINTOL
NSLAMP
NSPERCO
NSPPER
NSSALM
NSUMBR
NTROPH
NUMFISH
NUMNATSP
NUMSPEC
PANOM
PATNG

Index Development Approach

Example Fish Metrics

Number of families represented
Number of reproductive guilds
Number of anguilla species

Number of atherin species

Number of native benthic species
Number of sucker species

Number of native intolerant Catostomids
Sunfish Species Richness

Number of water column species
Number of sculpin species

Number of intolerant cyprinid species
Number of darter species

Number of drum species

Number of esox species

Number of fundelis species

Number of gambusia species

Number of ictalurid species

Number of intolerant species

Number of lamprey species

Number of percopsis species

Number of perch species

Trout Species Richness

Number of umbridae species

Number of trophic guilds

Number of individuals in sample
Number of native species

Total Number of fish species
Proportion of individuals with anomolies
prop. of indiv. as attacher non-guarder

PBCLN
PBCST
PBENT
PBENTSP
PCARN
PCGBU
PCOLD1
PCOLD2
PCOLSP
PCOTTID
PCYPTL
PEXOT
PGRAVEL
PHERB
PINSE
PINVERT
PMACRO
PMICRO
PMICRO?2
PNEST
PNTGU
POMNI
POMNI_H
PPISC
PPISCIN2
PPISCINV
PTOLE
PTREPRO

prop.
prop.
prop.
prop.
prop.
prop.
Prop.
Prop.
prop.
prop.
prop.
prop.
prop.
prop.
prop.
prop.
prop.
prop.
Prop.
prop.
prop.
prop.
prop.
prop.
Prop.
prop.
prop.

of indiv. as bc spwn clear substr.

of indiv. as broadcast spawners

of fish as benthic insectivores

of benthic hab. sp. in native sp.
piscivore-invert.(piscinv+pisciv)

of indiv. as clear gravel buryers

of cold water individuals

of cold & cool water individuals

of column sp. in native sp.

of individuals as cottids

of ind. as tolerant cyprinids

of individuals as introduced

of simple lithophils

of individuals as herbivores

of indiv. as native insectivores

of invertivores

of macro-omnivores

of micro-omnivores

of micro-omnivores minus RHINATRO
of indiv. as nest associates

of indiv. as nester guarder

Omninore individuals (pmicro+pmacro)
omni-herbiv.(pmicro+pmacro+herbiv)
of individuals as carnivores

of piscivore-insectiv. minus SEMOATRO
of piscivore-insectivores

of individuals as tolerant

prop. tolerant reproductive guild individuals
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Index Development Approach
(Fish IBI Example)

57 Candidate Metric%

Range Test
(range at least 0 — 2)

Signal:Noise Test
(S:N variance ratio > 3)

Redundancy Test
(Pearson Coefficient
< 0.75)

13 Metrics Eliminated 2 Metrics Eliminated 2 Metrics Eliminated

Correction for
Natural Variability

10 Final Responsiveness
Metrics Test

20 Metrics Eliminated 17 Metrics Corrected

RESEARCH & DEVELOPMENT
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Index Development Approach

(Signal:Noise Test)

-
W Signal:Noise = ratio of between-site variance and within-
>3 site variance (based on repeat samples)
8 Periphyton Metrics
o - ® LogS:NforD ity Metri
0 . ° ® Prop TaxaMetrics
L @ Prop. Individuals Metrics
g <_>U O Richness Metrics
- @® Other Metrics
el S
=
I 3
b 3
o =
<1 E
< 5
o,
LLl
0.1 T T T T
m 0 1 2 3 4 5
-

S:N Ratio
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Index Development Approach

(Example of Periphyton Responsiveness)
Periphyton Metric Responsiveness
100 ®
® Pools o

@ Riffles

S (o)} 00]
o o o

Proportion of Individuals in
N
o

Eutrophication Classes 5 & 6

1 10 100 1000
Total Phosphorus Concentration (ug/L)
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Index Development Approach

— Responsiveness Quick and Dirty Screen
"
L
>3
- Arid Mountains  Plains | Arid Mountains  Plains
U 100 -
@ S
ﬂ o 80 - 8 0 ]
wi ) y . £ ’
} 'E 60 ° __ ° E:L_; 1 °
E é T E 20 1 ° o
U < 40 k= ] o ©
4 . . 8
l -
q 20 ) | i
< : N i
n 0 L T T T T T T T T T T T T T T T T
m Least Most Least Most Least Most Least Most Least Most Least Most
W Disturbance Class Disturbance Class
-
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Index Development Approach
(Fish IBI Example)

57 Candidate Metrics%

Range Test
(range at least 0 — 2)

Signal:Noise Test
(S:N variance ratio > 3)

Redundancy Test
(Pearson Coefficient
<0.75)

13 Metrics Eliminated 2 Metrics Eliminated 2 Metrics Eliminated

Correction for
Natural Variability

10 Final Responsiveness
Metrics Test

20 Metrics Eliminated 17 Metrics Corrected
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Metric Scoring
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= 100 R
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O = 80 0
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Responsiveness of Final Index

— EMAP West Fish IBI
E Reference vs. Trashed Sites
>3 100 -
- ®
@
(@ 80 - ®
-
L o 60 -
> S ®
E )] (5}
Q4o
@
= 4
< 20 -
q (0]
Q. ® ® o
m O T T T T T @ T T
REF TRASHED REF TRASHED REF TRASHED REF TRASHED
g Westwide Mountains Plains Xeric
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Wadeable Streams Assessment
Regional IBI Meftrics

NAP SAP CPL UuMw TPL NPL SPL WMT XER ALL
% EPT Taxa X X X X
% EPT Individuals X X

% Non-Insect Taxa X

% Non-Insect Individuals X

% Ephemeroptera Taxa X
% Chironomid Taxa X
Shannon Diversity X X X X X X
% Individuals in top 5 taxa X X X

% Individuals in top 3 taxa X
Scraper Richness X X X X X X X X
Shredder Richness X X
% Burrower Taxa X X X X X
% Clinger Taxa X X X X
Clinger Taxa Richness X
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Wadeable Streams Assessment
Macroinvertebrate IBI Results

Stream Length (mi}

189,236
167,092

281,170

33,553
Total: 671,051

56.378

143,156
26,254
Total: 276,362

4,845

39,478
41,764
2,591
Total: 152,425

o L1 0 30 40 50 [
Percentage of Suream Miles
B Good [dFasir EPoor [ Not Assessed
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Predictive Modeling

An Alternative to IBIs?

-
= REFERENCE TAXA LIST
Ll (hypothetical example with 5 reference sites in region)
g Taxa Name # of Ref Sites Probability
1. CHIRCHIR 5 1.0
O 5 HYDRSP. 5 i
O B OLIGSP. 5 10
ﬂ 4 PLEUJUGA 5 1.0
5 CHIRORTH 4 0.8
L 6 CHIRTPOD 4 0.8
> 7 CHIRTTAR 4 0.8
=l 8 CHEGSVEL 4 0.8
.- 9 ELMIOPTI 4 0.3
& 10 FERTERES 4 0.8
E 56 NEMASP. 2 04
S PLODSKWA 2 0
q ole BN ECRTYC 2 0.4
0 39. SIALSIAL 2 0.4
L 210, TIPUDICR 2 0.4
" 471 TIPUTIPU 7 0.4
- | Sum of Probability Values = E = 26.4

RESEARCH & DEVELOPMENT
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Predictive Modeling

An Alternative to IBIs?

=
4

1T SITE AR08-04

3 Reference Taxa Non-Reference Taxa
- 1. BAETLABI 14. AMEAMEL

@ 2. CERACERA 15. COLLSP.

o 3. CHIRCHIR 16. CORYNEOH

a 4. CHIRORTH 17. EMPICLIN

s 5. CHIRTPOD 18. EPHESERR

a 6. CHIRTTAR 19. HEPTCGMA

T 7. CHLOSWEL 20. PLANSP.

@ 8. EMPICHEL

o 9. LEPILEPI

< 10. LEPTPARA

E 11. NEMASP.

™ 12. OLIGSP.

7, 13. TIPUDICR

- O =135 E=206 4 O/E=0.492
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Predictive Modeling

Full Model Includes Multiple Site Clusters

=
=
w
MAHA Genus Bug Data

E ) Distance (Objei:tive Function) . .
8 — e D

—
& —
g =——— |
H 3 I
.

e E—

—
E |
m }

J

7)) '
-
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Observed/Expected
(Macroinvertebrates)

O
o

Predictive Modeling

Example for MAHA Bugs

|
Mean = 1.00 22095

000
SD =0.24 ocoooooooo cocooco — Mean = 0.69
) 000000000 00000
000000000
00000000 000000000000 000
5000000 000000000000 000000
00000000 0000000000000 0O0OOOO0000
lolelelelele]ele 000000000000 00OO0OOOOO0O0000
00000 000000000000 0000O0OOOO0000000
00000000000 0000000000000 000
000000 000000000000 00000O00O00
000 000000000000 OO0OOOOOOOOOOOOOOO0O
00 000000000000 0000O0OOO000O000000
o OOOO0O00O000OO0OOOOOOOOOOOOOO00
00 000000000000 OOOO00O00
000000000000 OOOOOO00
OOOO00000OO0OOOOOOO00
o 0000000000000 0000000
00000000000 000000
000000000000 000
0000000000
00000000
000000000
0000000
1 elele olele

Reference

Sites

All Sites
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Wadeable Streams Assessment - O/E

National
(lower 48)

13.4%

27.9%

6.9% 21.2% 9.6% 57.9% 4.4%
0 10 20 30 40 50 60 70 80 90 100

Percentage of Stream Miles
B >50% Taxaloss [ 20-50 50% Taxa Loss
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O 10-20% Taxa Loss M < 10% Taxa Loss [ Not Assessed
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comparing IBI and O/E Scores

Observed/Expected

|—

.

Ll EMAP/MAHA Benthic Data 1.5

=

- Z

& £

®] o ©1.0
! o

Ol 3

. &

a g =05

TR

@] o

q 0 0.2 0.4 0.6 0.8 1 1.2 14 )

q O/E Predictive Model Score OO 05 1-0 1-5

Q.

L

/)

-
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Comparing O/E Scores with IBI Meftrics

50
40 | S ..o Mountains
%,
. ’.o Y
o
30 - oo
' Bft ’ 8 eic

. .”o
20 - M Hy ' Qe ©
° oq o) , ©

@ O
f@ Plains

o
0 4 'rfl :rt‘.!{]ul ..

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Intolerant Taxa Richness

10 A ®

Observed/Expected
(3-Region Null Model)
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MAHA Approach to Reference Condition

= . . . .
Z 61 hand-picked (BPJ) Reference Sites; 380 Probability Sites
40
g BPJ Reference Sites
=] 8P (T3
U g B 40
o = 20 — Filtered Probability Reference Sites
8 _
ﬂ & 101 _faf: 301 Mean=76
P s.d. =148
w JAm BEHEANE 54 _
} 0 20 40 60 80 100 S _
= Macroinvertebrate IBl Score =
o)
I 0 All MAHA Sit e
@ ites H
o g Mengs o MEN
ﬂ 0 0 20 40 60 80 100
5 20
q '§ ] Macroinvertebrate 1Bl Score
% £ 101 H
el
: 0 20 40 80 80 100

Macroinvertebrate IBl Score
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EMAP-W Approach to Reference Condition

730 Reference Sites; 965 Probability Sites

ﬁah N Candidate reference sites selected by:
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EMAP-W Approach to Reference Condition

Magnitude of Local Human Disturbance at Least Disturbed Sites
10

Plains Xeric Mountains

JT 1
4

Disturbance Score
[

—
—
e
e

|

|

-
4
Ll
>3
-
O
@
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




h.
r
w
=1
-]
Ol
O
Q
o9
>
-
T
O
B |
<j
g
o
L
7
=

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




-
<
L
=
=
O
o
(@]
98
=
—
-
O
ol
<
<
Q.
w
2
=

Quantitative Physical Habitat
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US EPA ARCHIVE DOCUMENT

-.-.- A, -'\:-\-.

et R -

e
Nt LA e iz

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




US EPA ARCHIVE DOCUMENT

\J Quantitative Physical Habitat
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Quantitative Physical Habitat
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Did you know? 24 of 32 EMAP Stream forms are for Physical Habitat
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Quantitative Physical Habitat

00 01 02 03 04 05 06 07 08 09 10

Habitat Volume Index

Conclusion: High probability of ‘fishless’ streams when Habitat Volume Index
falls below 0.4

:‘r._' Helps determine how to assign IBI values to fishless lakes
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Quantitative Physical Habitat

E Helps determine how to assign IBI values to fishless lakes
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L
7, But only 100 MAHA sites were sampled quantitatively for physical habitat, so
S we were forced to use a surrogate for habitat volume (watershed size)
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Relative Bed Stability and Excess Fines

based on mean particle diameter ratio: Observed/Mobile
LRB$=Log(ng/D*be)

D, --- observed geometric mean diameter from field "pebble count”.

gm
D"+ : max mobile D "Critical D" at bankfull --- by equating bankfull and critical
shear stress:
Bankfull Bed Shear Stress (pgR™,:S), controlled by:
+ Channel slope (S) -
+ Adjusted Bankfull Hydraulic Radius (R*¢ )
+ Bankfull Depth,
- Residual pool depth, - Form roughness,- Large wood volume
Critical Shear Stress 6(p.-p)gD, influenced by:
+ Particle Diameter (D)
+ mass density of particles in water (p.-p)
. shape, exposure, size variance, turbulence, relative submergence (0)
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Relative Bed Stability

E n =

N B I B e S B DA
\g o — S—

D -I __________________________________________________ e e e i S S L : --------------
B ﬂ N “Fining”
o

]

|| e h """""""""""""""""""""""

LRBS
»
I

i 2 3 4 5 6 7
Basin + Riparian Disturbance Index

RESEARCH & DEVELOPMENT

-
4
Ll
>3
-
O
O
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Building a scientific foundation for sound environmental decisions




Relative Bed Stability and Exce'

‘Powder River, Wyomihg

LRBS= -1.6
- %Sands and Fines = 99%
| %Fines = 10%

US EPA ARCHIVE DOCUMENT
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Relative Bed Stability

-
E (Data from OR/WA Coast Range REMAP ’94-'95)
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Chemical Stressors
Mercury in EMAP West

1.0
Fizh Group
— Large Fish Piscivore

o8- — Large Fish MNon-Piscivore
— Smaill Fish

=
ka

Proportion of Stream/River Length Exceaded

o5

0.1 0.2 0.3 0.4 0.5 0.6

Whole-body Hg (g « g-)
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Biological Stressors

Alien Species

Alien Vertebrate
Spedes Alien Crayfish Asian Clam
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Assessment - MAHA

Relative Ranking of Stressors

Fish Index of Biotic Integrity

Sedimentation 25%

Good Riparian Habitat 24%

Mine Drainage

(Insufficien Acidic Deposition

Data)

Tissue Contamination

Phosphorus

Nitrogen

Fair Acid Mine Drainage

Poor ‘ ‘ ‘ ‘
0% 10% 20% 30% 40%

% of Stream Length

Proportion of Stream Length |
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Assessment - EMAP West

Multiple Indices, Multiple Assemblages

Bidtic Integrity of Biotic Integrity of Loss of
Nllﬂllc VEltEllﬁ'IIES Macroinvertebrates  Macroinvertebrate Taxa
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WestWide . HH b
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Assessment - Relative Risk
Naproxen least risky

According to a report in the
Journal of the American Medical
Association, the painkiller
naproxen has less of a cardio-
vascular risk than other drugs.

Relative risk estimates*
Naproxen u——m0.97
Celebrex _1 .06
 Ibuprofen NS 107

O!her &I’lti-
mﬂarnmaiory MR |10

~ Mobic NEG— 1.25

~ Voltaren ISE———1.40

* Relative risk is measured against a
baseline of one, which in this case is
people not on painkillers

SOURCE: JAMA AP
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Assessment - Relative Risk

Riparian Disturbance |
Streambed Stability -

Riparian Vegetation

Habitat Complexity |
Nitrogen 1

Phosphorus

Mercury in Fish 1

Salinity

Non-native Vertebrates -
Non-native Crayfish

Asian Clam

EMAP West
Relative Extent Aquatic Vertebrate Integrity
——jce | ————
—— lity - —
] —— on{ ——
= ity ——
—— en : ]
] US 7 ]
— sh | 1
1 ity 1
—F— es —
sh ——
i P e A Y —
0% 10% 20% 30% 40% 50% 1 2 3 4 5
% in Most Disturbed Condition Relative Risk

FREAIPECRIBROMRIEESAISHIRS IS dSoR Hede bt AsHBitipin i@k ¢erextent aprcasit,
relative to WRERISEESK0r is absent
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Assessment - Relative Risk

MAIA

Fish Macroinvertebrates Algae
. . ! | |
Non-Native Fish ] ] — E‘
Sedimentation 1 ——— 1 ] ] ]
_ La_:lrge qud 1 —— 1 - 1 =
Riparian Habitat A —r . —] ] —]
Nitrogen - | — 1 7—| I —
Phosphorus - | — ——— I :
Mine Drainage - T— | — I
Acidic Deposition - | — | —] —T—]
Acid Mine Drainage - ! ——] | — —
0.0 0.5 1.0 1:5 0.0 0.5 1.0 1.5 00 05 10 15 20 25 30

Relative Risk

Multiple assemblage assessment confirms that different
stressors affect fish, macroinvertebrates and periphyton
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Next Steps in EMAP (Streams) Evolution

e Design
= Site selection: continued improvement in GRTS designs
= Plot design: harmonizing of wadeable/non-wadeable protocols

Biological Indicators
= Settling the IBI/O:E debate

Stressor Indicators

= Modeling flashy stressors (pesticides, nutrients)
» |ncorporating natural gradients into IBIs

Reference Condition
= Modeling approaches to deal with sliding scale issue

e Assessment
= Melding relative extent and relative risk
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