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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2 A-7

HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

STREAM NAME LOCATION

STATION #__________ RIVERMILE__________ STREAM CLASS

LAT _______________ LONG _______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS

FORM COMPLETED BY DATE   ________ 
TIME ________ AM     PM

REASON FOR SURVEY
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

Greater than 70% of
substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

40-70% mix of stable
habitat; well-suited for
full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

20-40% mix of stable
habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 20% stable
habitat; lack of habitat is
obvious; substrate
unstable or lacking.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

2. Embeddedness
Gravel, cobble, and
boulder particles are 0-
25% surrounded by fine
sediment.  Layering of
cobble provides diversity
of niche space.

Gravel, cobble, and
boulder particles are 25-
50% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are 50-
75% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are more
than 75% surrounded by
fine sediment.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

3. Velocity/Depth
Regime

All four velocity/depth
regimes present (slow-
deep, slow-shallow, fast-
deep, fast-shallow). 
(Slow is < 0.3 m/s, deep is
> 0.5 m.)

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than
if missing other regimes).

Only 2 of the 4 habitat
regimes present (if fast-
shallow or slow-shallow
are missing, score low).

Dominated by 1 velocity/
depth regime (usually
slow-deep).

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

4. Sediment
Deposition

Little or no enlargement
of islands or point bars
and less than 5% of the
bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 5-30% of the
bottom affected; slight
deposition in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 30-50% of the
bottom affected; sediment
deposits at obstructions, 
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
50% of the bottom
changing frequently;
pools almost absent due to
substantial sediment
deposition.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

5. Channel Flow
Status

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0



HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

A-8 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets - Form 2
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Habitat

Parameter

Condition Category

Optimal Suboptimal Marginal Poor
6. Channel
Alteration

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas
of bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and
disrupted.  Instream
habitat greatly altered or
removed entirely.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

7. Frequency of
Riffles (or bends) 

Occurrence of riffles 
relatively frequent; ratio
of distance between riffles
divided by width of the
stream <7:1 (generally 5
to 7); variety of habitat is
key.  In streams where
riffles are continuous, 
placement of boulders or
other large, natural
obstruction is important.

Occurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15. 

Occasional riffle or bend;
bottom contours provide
some habitat; distance
between riffles divided by
the width of the stream is
between 15 to 25. 

Generally all flat water or
shallow riffles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

8. Bank Stability
(score each bank)

Note: determine left
or right side by
facing downstream.

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems.  <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

9. Vegetative
Protection (score
each bank)

More than 90% of the
streambank surfaces and
immediate riparian zone
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimal or not evident;
almost all plants allowed
to grow naturally.

70-90% of the
streambank surfaces
covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the
streambank surfaces
covered by vegetation;
disruption obvious;
patches of bare soil or
closely cropped vegetation
common; less than one-
half of the potential plant
stubble height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10      9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10      9 8           7           6 5           4           3 2           1           0

10.  Riparian
Vegetative Zone
Width (score each
bank riparian zone)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone
12-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no
riparian vegetation due to
human activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

Total Score __________
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 3 A-9

HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAM NAME LOCATION

STATION #__________ RIVERMILE__________ STREAM CLASS

LAT _______________ LONG _______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS

FORM COMPLETED BY DATE  _________
TIME _________     AM     PM

REASON FOR SURVEY
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

Greater than 50% of
substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

30-50% mix of stable
habitat; well-suited for
full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

10-30% mix of stable
habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 10% stable
habitat; lack of habitat is
obvious; substrate
unstable or lacking.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

2. Pool Substrate
Characterization

Mixture of substrate
materials, with gravel and
firm sand prevalent; root
mats and submerged
vegetation common.

Mixture of soft sand, mud,
or clay; mud may be
dominant; some root mats
and submerged vegetation
present.

All mud or clay or sand
bottom; little or no root
mat; no submerged
vegetation.

Hard-pan clay or bedrock;
no root mat or vegetation.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

3. Pool Variability
Even mix of large-
shallow, large-deep,
small-shallow, small-deep
pools present.

Majority of pools large-
deep; very  few shallow.

Shallow pools much more
prevalent than deep pools.

Majority of pools small-
shallow or pools absent.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

4. Sediment
Deposition

Little or no enlargement
of islands or point bars
and less than <20% of the
bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 20-50% of the
bottom affected; slight
deposition in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 50-80% of the
bottom affected; sediment
deposits at obstructions, 
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
80% of the bottom
changing frequently; pools
almost absent due to
substantial sediment
deposition.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

5. Channel Flow
Status

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or
<25% of channel substrate
is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0



HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (BACK)

A-10 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets - Form 3
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Habitat

Parameter
Condition Category

Optimal Suboptimal Marginal Poor
6. Channel
Alteration

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas of
bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks; and
40 to 80% of stream reach
channelized and disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and disrupted.
 Instream habitat greatly
altered or removed
entirely.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

7. Channel
Sinuosity

The bends in the stream
increase the stream length
3 to 4 times longer than if
it was in a straight line. 
(Note - channel braiding is
considered normal in
coastal plains and other
low-lying areas.  This
parameter is not easily
rated in these areas.)

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

Channel straight;
waterway has been
channelized for a long
distance.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

8. Bank Stability
(score each bank)

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems.  <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0
SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

9. Vegetative
Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

More than 90% of the
streambank surfaces and
immediate riparian zone 
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through grazing
or mowing minimal or not
evident; almost all plants
allowed to grow naturally.

70-90% of the streambank
surfaces covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the streambank
surfaces covered by
vegetation; disruption
obvious; patches of bare
soil or closely cropped
vegetation common; less
than one-half of the
potential plant stubble
height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

10.  Riparian
Vegetative Zone
Width (score each
bank riparian zone)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no
riparian vegetation due to
human activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

Total Score __________
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Modified Environmental Protection Agency Rapid Bioassessment Habitat Assessment Field Data 
Sheet (High Gradient Ephemeral/Intermittent Streams) 

RAPID HABITAT ASSESSMENT: STEEP Ephemeral/Intermittent >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>   
Station ID/ 
Stream Name Date SLOPE (%) CHANNEL TYPE 

Reach Length 
(m) LAT (DD) LONG (DD) 

Step-Pool 
(Circle one)

Gradual 

HABITAT 
PARAMETER 

     CATEGORY 
         Optimal   Sub-optimal   Marginal   Poor 

1. SUBSTRATE
DIVERSITY/
AVAILABLE
BENTHIC,
SALAMANDER,
CRAYFISH, AND
LAND SNAIL
COVER

SCORE: 

Greater than 70% of substrate 
consisting of mix of boulder  
slabs, boulders, cobble, snags, 
or other stable habitat providing 
cover for salamanders and  
aquatic or terrestrial invertebrates. 
LWD in moderate to advanced  
stage of decay and within- active 
channel; Substrate roughness 
capable of trapping lots of organic  
matter. If moss covered, rate high. 

40 to 70% cover and mix of diverse 
stable habitat (boulder, cobble,  
LWD); well suited for full cover  
potential; adequate habitat for  
maintenance of populations;  
presence of additional LWD in the 
form of new fall. Substrate  
roughness still capable of trapping  
organic matter.  

20 to 40% mix of stable cover; 
habitat availability less than 
desirable; substrate frequently  
disturbed or removed. LWD low in 
density and/or may be new fall or in 
early decay stage. Some areas  
suitable for trapping organic matter. 
If lg. boulders are absent, score  
low. 

Less than 20% stable 
cover; lack of habitat 
is obvious; substrate  
unstable or lacking. Few  
areas suitable for trapping 
organic matter. 

  20   19   18   17  16  15  14    13  12   11   10    9  8  7    6   5   4   3   2   1    0 

2. EMBEDDED-
    NESS
Examine at least
10 particles (e.g., 
5 particles from
2 different steps) 

SCORE: 

Lg. cobble, small boulder, or wood 
particles are between  0 and 
25% surrounded by fine 
sediment; layering of cobble or  
boulders provides a diversity of 
niche space. 

Lg. cobble, small boulder, or wood 
particles are between 25 and 
50% surrounded by fine sediment. 

Lg.cobble, small boulder, or wood 
particles are between 50 and 75% 
surrounded by fine sediment. 

Cobble, small boulder, or 
wood particles are 
over 75% surrounded by  
fine sediment. 

  20   19   18   17  16   15    14  13    12   11  10  9   8    7  6   5   4   3   2   1    0 

3. CHANNEL
ALTERATION

SCORE: 

Channelization, culverting, or  
other channel disturbance absent 
or minimal; stream with normal  
pattern. No crossings (fords) in  
assessment reach. 

Minor channelization present, 
usually in areas of culverts, fords,  
or bridge abutments; evidence of  
past channel disturbance, i.e.  
dredging, or realignment (> than  
past 20 years)may be present, but 
no evidence of recent channel  
disturbance.  

Channelization may be extensive; 
Embankments, berms or shoring  
structures present on both banks;  
and 40% to 80% of the stream  
reach channelized or disrupted. 

Banks shored with gabion 
or cement; over 80% of 
the stream reach is  
channelized and 
disrupted.  Instream 
habitat greatly altered or 
entirely removed. Stream  
channel may be used as a 
road or logging skid trail. 

   20   19  18   17  16   15    14  13    12   11  10  9   8    7  6   5   4   3   2   1    0 
4. FINE
SEDIMENT
DEPOSITION

Consider non- 
natural sources 
 of sediment 

SCORE: 

Little or no enlargement of 
mid-channel bars or point bars 
(at bends) and less than 5% of the 
 bottom is affected by fine  
sediment deposition (silt, sand, 
fine gravel).  Pool rocks with  
minimal silt layering; leafpacks  
relatively clean. 

Some new increase in bar formation, 
mostly from find gravel, sand, or silt; 
5 to 30% of the bottom 
is affected; some deposition of  
fines in pools. Leafpacks moderately  
covered in silt. 

 
 

Moderate deposition of new gravel, 
sand or fine sediment on old and 
new bars; 30-50% of bottom is  
affected; sediment deposits at  
obstructions, constrictions, and 
bends; deposition of fines in pools 
prevalent; leafpacks may be  
heavily silted. 

 
 

Heavy deposits of fine 
material; increased bar 
development; more than 
50% of bottom is fines and 
changing frequently with flow; 
pools almost absent due 
to substantial sediment 
deposition. 

   20   19  18   17  16   15    14  13    12   11  10  9   8    7  6   5   4   3   2   1    0 

Rate in Channel and Toe of Banks 

Rate in Steps 

Rate in Pools & Depositional Areas 



Appendix 1:  Modified Environmental Protection Agency Rapid Bioassessment Habitat Assessment 
Field Data Sheet (High Gradient Ephemeral/Intermittent Streams) 

RAPID HABITAT ASSESSMENT: STEEP Ephemeral/Intermittent >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>                                      
Reviewers Initials  Station ID/ 

Stream Name  Date  

HABITAT 
PARAMETER 

                                                                              CATEGORY 
         Optimal            Sub-optimal            Marginal            Poor 

5.  BANK  
     STABILITY** 
(score each  
bank) 
determine left/ 
right by facing  
downstream 

Banks stable; evidence of  
erosion or bank failure absent 
or minimal; little potential for 
future problems (<5% of bank 
affected). 
 

Moderately stable; infrequent, small 
areas of erosion mostly healed over; 
5-30% of bank in reach has areas of 
erosion. 
 
 

Moderately unstable; 30-60% of 
bank in reach has areas of erosion; 
high potential during floods.  
 
 
 

Unstable; many eroded 
areas; “raw” areas  
frequent along straight 
sections and bends; 
obvious bank sloughing; 
60-100% of bank has  
erosional scars. 
 

LEFT:            10                9             8            7          6             5            4             3     2            1            0 
RIGHT:            10                9             8            7          6             5            4             3     2            1            0 
6.  BANK** 
     VEGETATIVE 
     PROTECTION 
(rate from  
bottom of  
bank to crest- 
over at top of 
bank – large 
roots count) 
 
**In very steep 
constrained  
channels  with  
continuous bank-  
riparian zone  
(no distinct crest) 
score bank from 
toe to ~2 m. 

More than 90% of the stream- 
bank surfaces and immediate 
riparian zones (crest-over)  
covered by vegetation 
including trees, understory 
shrubs, and non-woody  
plants (herbs, ferns,  
mosses); vegetative  
disruption through grazing or 
other encroachment minimal  
or not evident; almost all 
plants allowed to grow  
naturally. Branches  
overhanging channel  
important. 
  

70-90% of the streambank surfaces 
are covered by vegetation, but one 
class of plants is not well 
represented; disruption evident, but 
not affecting plant growth potential 
to any great extent; more than  
one-half of the potential plant stubble  
remaining. In the case of non-native 
plants, score low.  
 
 
 
 

50-70% of the streambank surfaces 
are covered by vegetation; disruption 
obvious; patches of bare soil or  
closely cropped vegetation common;  
less than one-half of the potential  
plant stubble height remaining.  In  
the case of non-native plants,  
score low.  
 
 
 

Less than 50% of the  
streambank surfaces 
are covered by  
vegetation; disruption of 
streambank vegetation 
very high; vegetation has 
been removed to 2 inches 
or less in average stubble 
height. 
 
 

LEFT:            10                9             8            7          6             5            4             3     2            1            0 
RIGHT:            10                9             8            7          6             5            4             3     2            1            0 

7. WIDTH OF 
UNDISTURBED 
VEG. ZONE 
(undisturbed  
veg. is trees,  
shrubs, and non- 
woody herbs) 

Width of undisturbed vege- 
tative  zone is >18 meters;  
human activities (roadbeds,  
clearcuts, mining, pasture)  
have not impacted this zone. 
Tree and shrub layers  
present 

Zone width is between 12 and 18 
meters; human activities have only 
minimally impacted this zone.  Some  
selective logging may be present but  
not clearcuts. Tree and shrub layers 
still present. 
 

Zone width is between 6 and 12 
meters; human activities have  
impacted the zone a great deal. 
Trees or shrubs sparse in zone. 
 
 
 

Width of zone is less than 
6 meters; little or no un- 
disturbed vegetation due 
to man-induced activities. 
Trees typically absent  
or in narrow row at top of 
 bank. 
 

LEFT:            10                9             8            7          6             5            4             3     2            1            0 

RIGHT:            10                9             8            7          6             5            4             3     2            1            0 
TOTAL: 
 
 
 
(max=140) 

Max Pool Depth (if water is present; otherwise “NA”) ______cm 
 
Average Channel Width (Toe of Banks) _________m 

Total from front _____+ Total from back______=_______ 
 
Score Percentage= Total Score /140 X 100________% 

Average Width Intact Rip Vegetative Zone (m) Left         m Right            m 

→  What is the dominant vegetation type in the reach?   
� Deciduous   � Coniferous (spruce, pine, hemlock)  � Mixed (>10%) 

Estimated age of forest: ____>50 yrs  ____25-50 yrs ____5-25 yrs ____<5 yrs 
 
Number of strata (e.g, canopy, subcanopy, shrub, herb ( 4 max))________ 

Stream Surface Shading (%) 
(average of lower, middle, upper reach) Indicate % based on cloudless day in summer at noon.  Fill in square that applies. 

�  Fully exposed (0-25%) �  Partly shaded (25-50%) �  Partly exposed (50-75%) �  Fully shaded (75-100%) 

% Canopy (Densiometer)  Compass Bearing (facing downstream) (0-360°)  

 

If assessed in winter or early spring look for remnants of herbs, and 
saplings. 
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HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAM NAME LOCATION

STATION #__________ RIVERMILE__________ STREAM CLASS

LAT _______________ LONG _______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS

FORM COMPLETED BY DATE  _________
TIME _________     AM     PM

REASON FOR SURVEY
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

Greater than 50% of
substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

30-50% mix of stable
habitat; well-suited for
full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

10-30% mix of stable
habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 10% stable
habitat; lack of habitat is
obvious; substrate
unstable or lacking.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

2. Pool Substrate
Characterization

Mixture of substrate
materials, with gravel and
firm sand prevalent; root
mats and submerged
vegetation common.

Mixture of soft sand, mud,
or clay; mud may be
dominant; some root mats
and submerged vegetation
present.

All mud or clay or sand
bottom; little or no root
mat; no submerged
vegetation.

Hard-pan clay or bedrock;
no root mat or vegetation.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

3. Pool Variability
Even mix of large-
shallow, large-deep,
small-shallow, small-deep
pools present.

Majority of pools large-
deep; very  few shallow.

Shallow pools much more
prevalent than deep pools.

Majority of pools small-
shallow or pools absent.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

4. Sediment
Deposition

Little or no enlargement
of islands or point bars
and less than <20% of the
bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 20-50% of the
bottom affected; slight
deposition in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 50-80% of the
bottom affected; sediment
deposits at obstructions, 
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
80% of the bottom
changing frequently; pools
almost absent due to
substantial sediment
deposition.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

5. Channel Flow
Status

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or
<25% of channel substrate
is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0



HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (BACK)
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Habitat

Parameter
Condition Category

Optimal Suboptimal Marginal Poor
6. Channel
Alteration

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas of
bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks; and
40 to 80% of stream reach
channelized and disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and disrupted.
 Instream habitat greatly
altered or removed
entirely.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

7. Channel
Sinuosity

The bends in the stream
increase the stream length
3 to 4 times longer than if
it was in a straight line. 
(Note - channel braiding is
considered normal in
coastal plains and other
low-lying areas.  This
parameter is not easily
rated in these areas.)

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

Channel straight;
waterway has been
channelized for a long
distance.

SCORE 20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

8. Bank Stability
(score each bank)

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems.  <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0
SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

9. Vegetative
Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

More than 90% of the
streambank surfaces and
immediate riparian zone 
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through grazing
or mowing minimal or not
evident; almost all plants
allowed to grow naturally.

70-90% of the streambank
surfaces covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the streambank
surfaces covered by
vegetation; disruption
obvious; patches of bare
soil or closely cropped
vegetation common; less
than one-half of the
potential plant stubble
height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

10.  Riparian
Vegetative Zone
Width (score each
bank riparian zone)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no
riparian vegetation due to
human activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

Total Score __________
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HABITAT ASSESSMENT AND 

PHYSICOCHEMICAL PARAMETERS 

An evaluation of habitat quality is critical to any assessment of ecological integrity and should 
be performed at each site at the time of the biological sampling. In general, habitat and 
biological diversity in rivers are closely linked (Raven et al. 1998). In the truest sense, "habitat" 
incorporates all aspects of physical and chemical constituents along with the biotic interactions. 
In these protocols, the definition of "habitat" is narrowed to the quality of the instream and 
riparian habitat that influences the structure and function of the aquatic community in a stream. 
The presence of an altered habitat structure is considered one of the major stressors of aquatic 
systems (Karr et al. 1986). The presence of a degraded habitat can sometimes obscure 
investigations on the effects of toxicity and/or pollution. The assessments performed by many 
water resource agencies include a general description of the site, a physical characterization and 
water quality assessment, and a visual assessment of instream and riparian habitat quality. Some 
states (e.g., Idaho DEQ and Illinois EPA) include quantitative measurements of physical 
parameters in their habitat assessment. Together these data provide an integrated picture of 
several of the factors influencing the biological condition of a stream system. These assessments 
are not as comprehensive as needed to adequately identify all causes of impact. However, 
additional investigation into hydrological modification of water courses and drainage patterns 
can be conducted, once impairment is noted. 

The habitat quality evaluation can be accomplished by characterizing selected physicochemical 
parameters in conjunction with a systematic assessment of physical structure. Through this 
approach, key features can be rated or scored to provide a useful assessment of habitat quality. 

5.1 PHYSICAL CHARACTERISTICS AND WATER QUALITY 

Both physical characteristics and water quality parameters are pertinent to characterization of the 
stream habitat. An example of the data sheet used to characterize the physical characteristics and 
water quality of a site is shown in Appendix A. The information required includes 
measurements of physical characterization and water quality made routinely to supplement 
biological surveys. 

Physical characterization includes documentation of general land use, description of the stream 
origin and type, summary of the riparian vegetation features, and measurements of instream 
parameters such as width, depth, flow, and substrate. The water quality discussed in these 
protocols are in situ measurements of standard parameters that can be taken with a water quality 
instrument. These are generally instantaneous measurements taken at the time of the survey. 
Measurements of certain parameters, such as temperature, dissolved oxygen, and turbidity, can 
be taken over a diurnal cycle and will require instrumentation that can be left in place for 
extended periods or collects water samples at periodic intervals for measurement. In addition, 
water samples may be desired to be collected for selected chemical analysis. These chemical · 
samples are transported to an analytical laboratory for processing. The combination of this 
information (physical characterization and water quality) will provide insight as to the ability of 
the stream to support a healthy aquatic community, and to the presence of chemical and non­
chemical stressors to the stream ecosystem. Information requested in this section.(Appendix A-
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l, Form 1) is standard to many aquatic studies and allows for some comparison among sites. 
Additionally, conditions that may significantly affect aquatic biota are documented. 

5.1.1 Header Information (Station ldentifi1er) 

The header information is identical on all data sheets and requires sufficient information to 
identify the station and location where the survey was conducted, date and time of survey, and 
the investigators responsible for the quality and integrity of the data. The stream name and river 
basin identify the watershed and tributary; the location of the station is described in the narrative 
to help identify access to the station for repeat visits. The rivermile (if applicable) and 
latitude/longitude are specific locational data for the station. The station number is a code 
assigned by the agency that will associate the sample and survey data with the station. The 
STORET number is assigned to each datapoint for inclusion in USEPA's STORET system. The 
stream class is a designation of the grouping ofhomoge:neous characteristic:s from which 
assessments will be made. For instance, Ohio EPA uses ecoregions and size of stream, Florida 
DEP uses bioregions (aggregations of subecoregions), and Arizona DEQ uses elevation as a 
means to identify stream classes. Listing the agency and investigators assigns responsibility to 
the data collected from the station at a specific date and time. The reason for the survey is 
sometimes useful to an agency that con.ducts surveys for various programs and purposes. 

5.1.2 \Veather Conditions 

Note the present weather conditions on the day of the survey and those immediately preceding 
the day of the survey. This information is important to interpret the effects of storm events on 
the sampling effort. 

5.1.3 Site Location/Map 

To complete this phase of the bioassessment, a photograph may be helpful in identifying station 
location and documenting habitat conditions. Any observations or data not requested but deemed 
important by the field observer should be recorded. A hand-drawn map is useful to illustrate 
major landmarks or features of the channel morphology or orientation, vegetative zones, 
buildings, etc. that might be used to aid in data interpretation. 

5.1.4 Stream Characterization 

Stream Subsystem: In regions where the perennial nature of streams is important, or where the 
tidal influence of streams will alter the structure and function of communities, this parameter 
should be noted. 

Stream Type: Communities inhabiting coldwater streams are markedly different from those in 
warmwater streams, many states have established temperature criteria that differentiate these 2 
stream types. 

Stream Origin: Note the origination of the stream under study, if it is known. Examples are 
glacial, montane, swamp, and bog. As the size of the stream or river increases, a mixture of 
origins of tributaries is likely. 
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5.1.5 Watershed Features 

Collecting this information usually requires some effort initially for a station. However, 
subsequent surveys will most likely not require an in-depth research of this information. 

Predominant Surrounding Land Use Type: Document the prevalent land-use type in the 
catchment of the station (noting any other land uses in the area which, although not predominant, 
may potentially affect water quality). Land use maps should be consulted to accurately 
document this information. 

Local Watershed Nonpoint Source Pollution: Thi.s item refers to problems and potential 
probJems in the watershed. N<?npoint source pollution is defined as diffuse agricultural and 
urban runoff. Other compromising factors in a watershed that may affect water quality include 
feedlots, constructed wetlands, septic systems, dams and impoundments, mine seepage, etc. 

Local Watershed Erosion: The existing or potential detachment of soil within the local 
watershed (the portion of the watershed or catchment that directly affects the stream reach or 
station under study) and its movement into the stream is noted. Erosion can be rated through 
visual observation of watershed and stream characteristics (note any turbidity observed during 
water quality assessment below). 

5.1.6 Riparian Vegetation 
. . 

An acceptable riparian zone includes a buffer strip of a minimum of 18 m (Barton et al. 1985) 
from the stream on either side. The acceptable width of the riparian zone may also be variable 
depending on the size of the stream. Streams over 4 m in width may require larger riparian 
zones. The vegetation within the riparian zone is documented here as the dominant type and 
species, if known. 

5.1.7 lnstream Features 

Instream features are measured or evaluated in the sampling reach and catchment as appropriate. 

·-... 
Estimated Reach Length: Measure or estimate the length of the sampling reach. This 
information is important ifreaches of variable length are surveyed and assessed. 

Estimated Stream Width (in meters, m): Estimate the distance from bank to bank at a transect 
representative of the stream width in the reach. If variable widths, use an average to find that 
which is representative for the given reach. 

Sampling Reach Area (m2
): Multiply the sampling reach length by the stream width to obtain a 

calculated surface area. 

Estimated Stream Depth (m): Estimate the vertical distance from water surface to stream 
bottom at a representative depth (use instream habitat feature that is most common in reach) to 
obtain average depth. 

Velocity: Measure the surface velocity in the thalweg of a representative run area. If 
measurement is not done, estimate the velocity as slow, moderate, or fast. 
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Canopy Cover: Note the general proportion of open to shaded area which best describes the 
amount of cover at the sampling reach or station. A densiometer may be used in place of visual 
estimation. 

High \Vater Mark (m): Estimate the vertical distanc1~ from the bankfull margin of the stream 
bank to the peak overflow level, as indicated by debris hanging in riparian or floodplain 
vegetation, and deposition of silt or soil. In instances where bank overflow is rare, a high water 
mark may not be evident. 

Proportion of Reach Represented by Stream Morphological Types: The proportion 
represented by riffles, runs, and pools should be noted to describe the morphological 
heterogeneity of the reach. 

Channelized: Indicate whether or not the area around the sampling reach or station is 
channelized (e.g., straightening of stream, bridge abutments and road crossings, diversions, etc.). 

Dam Present: Indicate the presence or absence of a dam upstream in the catchment or 
downstream of the sampling reach or station. If a dam is present, include specific information 
relating to alteration of flow. 

5.1.8 Large Woody Debris 

Large Woody Debris (LWD) density, defined and measured as described below, has been used in 
regional surveys (Shields et al. 1995) and intensive studies of degraded and restored streams 
(Shields et al. 1998). The method was developed for sand or sand-and-gravel bed streams in the 
Southeastern U.S. that are wadeable at baseflow, with water widths between 1 and 30 m (Cooper 
and Testa 1999). 

Cooper and Testa's (1999) procedure involves measurc~ments based on visual estimates taken by 
a wading observer. Only woody debris actually in contact with stream water is counted. Each 
woody debris formation with a surface area in the plane of the water surface >0.25 m2 is 
recorded. The estimated length and width of each fommtion is recorded on a form or marked 
directly onto a stream reach drawing. Estimates are made to the nearest 0.5 m, and formations 
with length or width less than 0.5 m are not counted. Recorded length is maximum width in the 
direction perpendicular to the length. Maximum actual length and width of a limb, log, or 
accumulation are not considered. 

If only a portion of the log/limb is in contact with the water, only that portion in contact is 
measured. Root wads and logs/limbs in the water margin are counted if they contact the water, 
and are arbitrarily given a width of 0.5 m Lone individual limbs and logs are included in the 
determination if their diameter is 10 cm or larger (Keller and Swanson 1979, Ward and Aumen 
1986). Accumulations of smaller limbs and logs are included if the formation total length or 
width is 0.5 m or larger. Standing trees and stumps within the stream are also recorded iftheir 
length and width exceed 0.5 m. 

The length and width of each L WD formation are then multiplied, and the resulting products are 
summed to give the aquatic habitat area directly influenced. This area is then divided by the 
water surface area (km2

) within the sampled reach (obtained by multiplying the average water 
surface width by reach length) to obtain LWD density. Density values of 103 to 104 m2/km2 have 
been reported for channelized and incised streams and on the order of 105 m2/km2 for non-incised 
streams (Shields et al. 1995 and 1998). This density is not an expression of the volume ofLWD, 
but rather a measure ofLWD influence on velocity, depth, and cover. 
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5.1.9 Aquatic Vegetation 

The general type and relative dominance of aquatic plants are documented in this section. Only 
an estimation of the extent of aquatic vegetation is made. Besides being an ecological 
assemblage that responds to perturbation, aquatic vegetation provides refugia and food for 
aquatic fauna. List the species of aquatic vegetation, if known. 

5.1.10 Water Quality 

Temperature (°C), Conductivity or "Specific Conductance" (µ.ohms), Dissolved Oxygen 
(µ.g/L), pH, Turbidity: Measure and record values for each of the water quality parameters 
indicated, using the appropriate calibrated water quality.instrument(s). Note the type of 
instrument and unit number used. 

Water Odors: Note those odors described (or include any other odors not listed) that are 
associated with the water in the sampling area. 

Water Surface Oils: Note the term that best describes the relative amount of any oils present on 
the water surface. 

Turbidity: If turbidity is not measured directly, note the term which, based upon visual 
observation, best describes the amount of material suspended in the water column. 

5.1.11 Sediment/Substrate 

Sediment Odors: Disturb sediment in pool or other depositional areas and note any odors 
described (or include any other odors not listed) which are associated with sediment in the 
sampling reach. 

Sediment Oils: Note the term which best describes the relative amount of any sediment oils 
observed in the sampling area. 

Sediment Deposits: Note those deposits described (or include any other deposits not listed) that 
are present in the sampling reach. Also indicate whether the undersides of rocks· not deeply 
embedded are black (which generally indicates low dissolved oxygen or anaerobic conditions). 

Inorganic Substrate Components: Visually estimate the relative proportion of each of the 7 
substrate/particle types listed that are present over the sampling reach. 

Organic Substrate Components: Indicate relative abundance of each of the 3 substrate types 
listed. 

5.2 A VISUAL-BASED HABITAT ASSESSMENT 

Biological potential is limited by the quality of the physical habitat, forming the template within 
which biological communities develop (Southwood 1977). Thus, habitat assessment is defined 
as the evaluation of the structure of the surrounding physical habitat that influences the quality of 
the water resource and the condition of the resident aquatic community (Barbour et al. 1996a). 
For streams, an encompassing approach to assessing structure of the habitat includes an 
evaluation of the variety and quality of the substrate, channel morphology, bank structure, and 
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riparian vegetation. Habitat parameters pertinent to the assessment of habitat quality include 
those that characterize the stream "micro scale" habitat (e.g., estimation ofembeddeddness), the 
"macro scale" features (e.g., channel morphology), and the riparian and bank structure features 
that are most often influential ,in affecting the other parameters. 

Rosgen (1985, 1994) presented a 
stream and river classification 
system that is founded on the 
premise that dynamically-stable 
stream channels have a morphology 
that provides appropriate distribution 
of flow energy during storm events. 
Further, he identifies 8 major 
variables that affect the stability of 
channel morphology, but are not 
mutually independent: channel 
width, channel depth, flow velocity, 
discharge, channel slope, roughness 
of channel materials, sediment load 
and sediment particle size 
distribution. When streams have one 
of these characteristics altered, some 
of their capability to dissipate energy 
properly is lost (Leopold et al. 1964, 
Rosgen 1985) and will result in 
accelerated rates of channel ei:osion. 
dissipate flow energy are: 

• sinuosity 

EQUIPl.VIENT/SUPPLIES NEEDED FOR HABITAT 
ASSESSl.VIENT AND PHYSICAL/WATER 

QUAL~TY CHARACTERIZATION 

Physical Characterization and Water Quality Field 
Data Sheet* 
Habitat Assessment Field Data Sheet* 
clipboard 
pencils or waterproof pens 
35 mm camera (may be digital) 
video camera (optional) 
upstream/downstream "arrows" or signs for 
photographing and documenting sampling reaches 
Flow or velocity meter 
In situ water quality meters 
Global Positioning System (GPS) Unit 

•It is helpful to copy field sheets onto water-resistant 
paper for use in wet weather conditions 

Some of the habitat structural components that function to 

• roughness of bed and bank materials 

• presence of point bars (slope is an important characteristic) 

• vegetative conditions of stream banks and the riparian zone 

• condition of the floodplain (accessibility from bank, overflow, and size are 
important characteristics). 

Measurement of these parameters or characteristics serve to stratify and place streams into 
distinct classifications. However, none of these habitat classification techniques attempt to 
differentiate the quality of the habitat and the ability of the habitat to support the optimal 
biological condition of the region. Much of our understanding of habitat relationships in streams 
has emerged from comparative studies that describe statistical relationships between habitat 
variables and abundance ofbfota (Hawkins et al. 1993). However, in response to the need to 
incorporate broader scale habitat assessments in water resource programs, 2 types of approaches 
for evaluating habitat structure have been developed. In the first, the Environmental Monitoring 
and Assessment Program (EMAP) of the USEPA and the National Water-Quality Assessment 
Program (NA WQA) of the USGS developed techniques that incorporate measurements of 
various features of the instream, channel, and bank morphology (Meader et al. 1993, Klemm and 
Lazorchak 1994). These techlliques provide a relatively comprehensive characterization of the 
physical structure of the stream sampling reach and its surrounding floodplain. The second type 
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was a more rapid and qualitative habitat assessment approach that was developed to describe the 
overall quality of the physical habitat (Ball 1982, Ohio EPA 1987, Plafkin et al. 1989, Barbour 
and Stribling 1991, 1994, Rankin 1991, 1995). In this document, the more rapid visual-based 
approach is described. A cursory overview of the more quantitative approaches to characterizing 
the physical structure of the habitat is provided. 

The habitat assessment matrix developed for the Rapid Bioassessment Protocols (RBPs) in 
Plafkin et al. (1989) were originally based on the Stream Classification Guidelines for Wisconsin 
developed by Ball (1982) and "Methods of Evaluating Stream, Riparian, and Biotic Conditions" 
developed by Platts et al. (1983). Barbour and Stribling (1991, 1994) modified the habitat 
assessment approach originally deveioped for the RBPs to include additional assessment 
parameters for high gradient streams and a more appropriate parameter set for low gradient 
streams (Appendix A-1, Forms 2,3). All parameters are evaluated and rated on a numerical scale 
of 0 to 20 (highest) for each sampling reach. The ratings are then totaled and compared to a 
reference condition to provide a final habitat ranking. Scores increase as habitat quality 
increases. To ensure consistency in the evaluation procedure, descriptions of the physical 
parameters and relative criteria are included in the rating form. 

The Environmental Agency of Great Britain (Environment Agency of England and Wales, 
Scottish Environment Protection Agency, and Environment and Heritage Service of Northern 
Ireland) have developed a River Habitat Survey (RHS) for characterizing the quality of their 
streams and rivers (Raven et al. 1998). The approach used in Great Britain is similar to the 
visual-based habitat assessment used in the US in that scores are assigned to ranges of conditions· 
of various habitat parameters. 

A biologist who is well versed in the ecology and zoo geography of the region can generally 
recognize optimal habitat structure as it relates to the biological community. The ability to 
accurately assess the quality of the physical habitat structure using a visual-based approach 
depends on several factors: 

• the parameters selected to represent the various features of habitat structure need 
to be relevant and clearly defined 

• a continuum of conditions for each parameter must exist that can be 
characterized from the optimum for the region or stream type under study to the 
poorest situation reflecting substantial alteration due to anthropogenic activities 

• the judgement criteria for the attributes of each parameter should minimize 
subjectivity through either quantitative measurements or specific categorical 
choices 

• the investigators are experienced in or adequately trained for stream assessments 
in the region under study (Hannaford et al. 1997) 

• adequate documentation and ongoing training is maintained to evaluate and 
correct errors resulting in outliers and aberrant assessments. 

Habitat evaluations are first made on instream habitat, followed by channel morphology, bank 
structural features, and riparian vegetation. Generally, a single, comprehensive assessment is 
made that incorporates features of the entire sampling reach as well as selected features of the 
catchment. Additional assessments may be made on neighboring reaches to provide a broader 
evaluation of habitat quality for the stream ecosystem. The actual habitat assessment process 
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involves rating the 10 parameters as optimal, suboptimal, marginal, or poor ;based on the criteria 
included on the Habitat ,Assessment Field Data Sheets (Appendix A-1, Fonns 2,3). Some state 
programs, such as Florida Department of Environmental Protection (DEP) (1996) and Mid­
Atlantic Coastal Streams Workgroup (MACS) (1996) have adapted this approach using 
somewhat fewer and different parameters. 

Reference conditions are used to scale the assessment to the "best attainable" situation. This 
approach is critical to the assessment because stream characteristics will vary dramatically 
across different regions (Barbour and Stribling 1991 ). The ratio between the score for the test 
station and the score for the reference condition provides a percent comparability measure for 
each station. The station of interest is then classified on the basis of its similarity to expected 
conditions (reference condition), and its apparent potential to support an acceptable level of 
biological health. Use of a percent comparability evaluation allows for regional and stream-size 
differences which affect flow or velocity, substrate, and channel morphology. Some regions are 
characterized by streams having a low channel gradient, such as coastal plains or prairie regions. 

Other habitat assessment approaches or a more rigorously quantitative approach to measuring the 
habitat parameters may be used (See Klemm and Lazorchak 1994, Kaufmann and Robison 1997, 
Meader et al. 1993). However, holistic and rapid assessment of a wide variety of habitat 
attributes along with other types of data is critical if physical measurements are to be used to best 
advantage in interpreting biological data. A more detailed discussion of the relationship between 
habitat quality and biological condition is presented in Chapter 10. 

A generic habitat assessment approach based on visual observation can be separated into 2 basic 
approaches--one designed for high-gradient streams and one designed for low-gradient streams. 
High-gradient or riffle/run prevalent streams are those in moderate to high gradient landscapes. 
Natural high-gradient streams have substrates primarily con:;1.posed of coarse sediment particles 
(i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches. Low­
gradient or glide/pool prevalent streams are those in low to moderate gradient landscapes. 
Natural low-gradient streams have substrates of fine sediment or infrequent aggregations of more 
coarse (gravel or larger) sediment particles along stream reaches. The entire sampling reach is 
evaluated for each parameter. Descriptions of each parameter and its relevance to instream biota 
are presented in the following discussion. Parameters that are used only for high-gradient 
prevalent streams are marked with an "a"; those for low-gradient dominant streams, a "b". If a 
parameter is used for both stream types, it is not marked with a letter. A brief set of decision 
criteria is given for each parameter corresponding to each of the 4 categories reflecting a 
continuum of conditions on the field sheet (optimal, suboptimal, marginal, and poor). Refer to 
Appendix A-1, Forms 2 and 3, for a complete field assessment guide. 
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PROCEDURE FOR PERFORMING HABITAT ASSESSMENT 

1. Select the reach to be assessed. The habitat assessment is performed on the same 100 m reach (or 
other reach designation [e.g., 40 x stream wetted width]) from which the biological sampling is 
conducted. Some parameters require an observation of a broader section of the catchment than just 
the sampling reach. 

2. Complete the station identification section of each field data sheet and habitat assessment form. 

3. It is best for the investigators to obtain. a close look at the habitat features to make an adequate 
assessment. If the physical and water quality characterization and habitat assessment are done before 
the biological sampling, care must be taken to avoid disturbing the sampling habitat. 

4. Complete the Physical Characterization and Water Quality Field Data Sheet. Sketch a map of 
the sampling reach on the back of this form. 

5. Complete the Habitat Assessment Field Data Sheet, in a team of 2 or more biologists, if possible, to 
come to a consensus on determination of quality. Those parameters to be evaluated on a scale greater 
than a sampling reach require traversing the stream corridor to the extent deemed necessary to assess 
the habitat feature. As a general rule-of-thumb, use 2 lengths of the sampling reach to assess these 
parameters. 

QUALITY ASSURANCE PROCEDURES 

1. Each biologist is to be trained in the visual-based habitat assessment technique for the applicable 
region or state. · 

2. The judgment criteria for each habitat parameter are calibrated for the stream classes under study. 
Some text modifications may be needed on a regional basis. 

3. Periodic checks of assessment results are completed using pictures of the sampling reach and 
discussions among the biologists in the agencv. 
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Parameters to be evaluated in sampling reach: 

1 EPIFAUNAL SUBSTRATE/AVAILABLE COVER 

high and low 
gradient streams 

Includes the relative quantity and variety of natural structures in the 
stream, such as cobble (riffles), large rocks, fallen trees, logs and 
branches, and undercut banks, available as refugia, feeding, or sites for 
spawning and nursery functions of aquatic macrofauna. A wide variety 
and/or abundance of submerged structures in the stream provides 
macroinvertebrates and fish with a large number of niches, thus 
increasing habitat diversity. As variety and abundance of cover 
decreases, habitat structure becomes monotonous, diversity decreases, 
and the potential for recovery following disturbance decreases. Riffles 
and runs are critical for maintaining a variety and abundance of insects in 
most high-gradient streams and serving as spawning and feeding refugia 
for certain fish. The extent and quality of the riffle is an important factor 
in the support of a healthy biological condition in high-gradient streams. 
Riffles and runs offer a diversity of habitat through variety of particle 
size, and, in many small high-gradient streams, will provide the most 
stable habitat. Snags and submerged logs are among the most productive 
habitat structure for macroinvertebrate colonization and fish refugia in 
low-gradient streams. However, "new fall" will not yet be suitable for 
colonization. 

Selected 
Refere1tces 

Wesche et al. 1985, Pearsons et al. 1992, Gorman 1988, Rankin 1991, 
Barbour and Stribling 1991, Plafkin et al. 1989, Platts et al. 1983, 
Osborne et al. 1991, Benke et al. 1984, Wallace et al. 1996, Ball 1982, 
MacDonald et al. 1991, Reice 1980, Clements 1987, Hawkins et al. 1982, 
Beechie and Sibley 1997. 

Habitat Condition Cate2ory 

Parameter Optimal Suboptimal Mar2inal Poor 

Greater than 70% (50% 40-70% (30-50% for low 20-40% (10-30% for low' Less than 20% (10% for 
J. Eplfaunal for low gradient streams) gradient streams) mix of gradient streams) mix of low gradient streams) 
Substrate/ of substrate favorable for stable habitat; well-suited stable habitat; habitat stable habitat; lack of 
Available Cover epifaunal colonization for full colonization availability less than habitat is obvious; 

and fish cover; mix of potential; adequate desirable; substrate substrate unstable or 
snags, submerged logs, habitat for maintenance frequently disturbed or Jacking. 

(high and low undercut banks, cobble of populations; presence removed. 
gradient) or other stable habitat of additional substrate in 

and at stage to allow full the form ofnewfall, but 
colonization potential not yet prepared for 
(i.e., logs/snags that are coloniza.tion (may rate at 
nat new fall and nat high end of scale). 
transient). 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 l 0 
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la. Epifaunal Substrate/Available Cover-High Gradient 

Poor Range 

Optimal Range 

lb. Epifaunal Substrate/Available Cover-Low Gradient 

Optimal Range (Mary Kay Corazalla, U. of Minn.) Poor Range 
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2a 
high gradient 

streams 

Selected 
References 

Habitat 
Parameter 

EMBEDDED NESS 

Refers to the extent to which rocks (gravel, cobble, and boulders) and 
snags are covered or sunken into the silt, sand, or mud of the stream 
bottom. Generally, as rocks become embedded, the surface area available 
to macroinvertebrates and fish (shelter, spawning, and egg incubation) is 
decreased. Embeddedness is a result of large-scale sediment movement 
and deposition, and is a parameter evaluated in the riffles and runs of high­
gradient streams. The rating of this parameter may be variable depending 
on where the observations are taken. To avoid confusion with sediment 
deposition (another habitat parameter), observations.of-embeddedness 
should be taken in the upstream and central portions' of riffles and cobble 
substrate areas. 

Ball 1982, Osborne et al. 1991, Barbour and Stribling 1991, Platts et al. 
1983, MacDonald et al. 1991, Rankin 1991, Reice 1980, Clements 1987, 
Benke et al. 1984, Hawkins et al. 1982, Burton and Harvey 1990. 

Condition Cate2ory 

Optimal Suboptimal Mar2inal Poor 

Gravel, cobble, and Gravel, cobble, and Gravel, cobble, and Gravel, cobble, and 
2.a Embcddedncss boulder particles are 0- boulder particles are 25- boulder particles are 50c boulder particles are more 

25% surrounded by fine 50% surrounded by fine 75% surrounded by fine than 75% surrounded by 
(hi.git grndlent) sediment. Layering of sediment. sediment. fine sediment. 

cobble provides diversity of 
niche space. 

SC.ORE 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3 2 l 0 

2a. Embeddedness-High Gradient 

Optimal Range (William Taft, MI DNR) Poor Range (William Taft, MI DNR) 
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2b 
low gradient 

streams 

Selected 
References 

Habitat 
Parameter 

POOL SUBSTRATE CHARACTERIZATION 

Evaluates the type and condition of bottom substrates found in pools. 
Firmer sediment types (e.g., gravel, sand) and rooted aquatic plants support 
a wider variefy of organisms than a pool substrate dominated by mud or 
bedrock and no plants. In addition, a stream that has a uniform substrate in 
its pools will support far fewer types of organisms than a stream that has a 
variety of substrate types. 

Beschta and Platts 1986, U.S. EPA 1983. 

Condition Cate2ory 

Ontimal Subontimal Mar2inal Poor 

Mixture of substrate Mixture of soft sand, All mud or clay or sand Hard-pan clay or 
2b. Pool Substrate materials, with gravel and mud, or clay; mud may be bottom; little or no root bedrock; no root mat or 
Characterization firm sand prevalent; root dominant; some root mats mat; no submerged submerged vegetation. 

mats and submerged and submerged vegetation vegetation. 
(low gradient) vegetation common. oresent. 

SCORE 20 19 18 17 16 15 14 13 12 '11 10 9 8 7 6 5 4 3 2 1 0 

2b. Pool Substrate Characterization-Low Gradient 

Poor Range 

Optimal Range 
(Mary Kay Corazalla, U. of Minn.) 
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3a VELOCITY/DEPTH COMBINATIONS 

high gradient 
streams 

Patterns of velocity and depth are included for high-gradient streams 
under this parameter as an important feature of habitat diversity. The best 
streams in most high-gradient regions will have all 4 patterns present: (1) 
slow-deep, (2) slow-shallow, (3) fast-deep, and (4) fast-shallow. The 
general guidelines are 0.5 m depth to separate shallow from deep, and 0.3 
m/sec to separate fast from slow. The occurrence of these 4 patterns 
relates to the stream's ability to provide and maintain a stable aquatic 
environment. 

Selected 
References 

Ball 1982, Brown and Brussock 1991, Gore and Judy 1981, Oswood and 
Barber 1982. 

Habitat Condition Category 

Parameter Ootimal Subontimal Marginal Poor 

All 4 velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by 1 velocity/ 
311. Velocity/ regimes present (slow- present (if fast-shallow is regimes present (if fast- depth regime (usually 
Depth Regimes deep, slow-shallow, fast- missing, score lower than shallow or slow-shallow slow-deep). 

deep, fast-shallow). if missing other regimes). are missing, score low). 
(high gradient) (slow is <0.3 mis, deep is 

>0.5 m) 

SCORE 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3 2 1 0 

3a. Velocity/Depth Regimes-High Gradient 

Optimal Range (Mary Kay Corazal/a, U. of Minn.) 
(ruTOws emphasize different velocity/depth regimes) 

Poor Range (William Taft, MI DNR) 

5-l4 Chapter 5: Habitat Assessment and Physicochemical Parameters 



3b 
low gradient 

streams 

Selected 
References 

Habitat 
Parameter 

POOL VARIABILITY 

Rates the overall mixture of pool types found in streams, according to 
size and depth. The 4 basic types of pools are large-shallow, large-deep, 
small-shallow, and small-deep. A stream with many pool types will 
support a wide variety of aquatic species. Rivers with low sinuosity (few 
bends) and monotonous pool characteristics do not have sufficient 
quantities and types of habitat to support a diverse aquatic community. 
General guidelines are any pool dimension (i.e., length, width, oblique) 
greater than half the cross-section of the stream for separating large from 
small and 1 m depth separating shallow and deep. 

Beschta and Platts 1986, USEPA 1983. 

Condition Cateimrv 

Optimal Suboptimal Mar!!inal Poor 

Even mix of large- Majority of pools large- Shallow pools much more Majority of pools small-
3b. Pool shallow, large-deep, deep; very few shallow. prevalent than deep pools. shallow or pools absent. 
Variability small-shallow, small-

deep pools present. 
(low gradient) 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

3b. Pool Variability-Low Gradient 

Optimal Range (PeggyMorgan,FLDEP) Poor Range (William Taft, MI DNR) 
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4 SEDIMENT DEPOSITION 

high and low 
gratfient streams 

Measures the amount of sediment that has accumulated in pools and the 
changes that have occurred to the stream bottom as a result of deposition. 
Deposition occurs from large-scale movement of sediment. Sediment 
deposition may cause the formation of islands, point bars (areas of 
increased deposition usually at the beginning of a meander that increase 
in size as the channel is diverted. toward the outer bank) or shoals, or 
result in the filling of runs and pools. Usually deposition is evident in 
areas that are obstmcted by natural or manmade debris and areas where 
the stream flow decreases, such as bends. High levels of sediment 
deposition are symptoms of an unstable and continually changing 
environment that becomes unsuitable for many organisms. 

Selected 
References 

MacDonald et al. 1991, Platts et al. 1983, Ball 1982, Armour et al. 1991, 
Barbour and Stribling 1991, Rosgen 1985. 

Habitat Condition Catee:orv 

Parameter Ontlmal Subontimal Mare:inal Poor 

Little or no enlargement Some new increase in bar Moderate deposition of Heavy deposits of fine 
4.Sedlment of islands or point bars formation, mostly from new gravel, sand or fine material, increased bar 
Deposition and less than 5% (<20% gravel, sand or fine sediment on old and new development; more than 

for low-gradient streams) sediment; bars; 30-50% (50-80% 50% (80% for low-
(high and low of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom 
gradient) sediment deposition. gradient) of the bottom bottom affected; changing frequently; 

affected; slight sediment deposits at pools almost absent due 
deposition in pools. obstructions, to substantial sediment 

constrictions, and bends; deposition. 
moderate deposition of 

I pools prevalent. 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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4a. Sediment Deposition-High Gradient 

Optimal Range Poor Range 
(arrow pointing to sediment deposition) 

4b. Sediment Deposition-Low Gradient 

Poor Range 
(arrows pointing to sediment deposition) 

Optimal Range 
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5 CHANNEL FLOW STATUS 

high and low 
gradient streams 

The degree to which the channel is filled with water. The flow status will 
change as the channel enlarges (e.g., aggrading stream beds with actively 
widening channels) or as flow decreases as a result of dams and other 
obstructfons, diversions for irrigation, or drought. When water does not 
cover much of the streambed, the: amount of suitable substrate for aquatic 
organisms is limited. In high-gradient streams, riffles and cobble 
substrate,are exposed; in low-gradient streams, the decrease in water 
level exposes logs and snags, thereby reducing the areas of good habitat. 
Channel flow is especially useful for interpreting biological condition 
under abnormal or lowered flow conditions. This parameter becomes 
important when more than one biological index period is used for surveys 
or the timing of sampling is inconsistent among sites or annual 
periodicity. 

Selected 
References 

Rankin 1991, Rosgen 1985, Hupp and Simon 1986, MacDonald et al. 
1991, Ball 1982, Hicks et al. 1991. 

Habitat Condition Catee:orv , 

Parameter Ootimal Subootimal Marginal Poor 

Water reaches base of Water fills >75% of the Water fills 25-75% ofthi~ Very little water in 
5. Channel Flow both lower banks, and available channel; or available channel, and/or channel and mostly 
Status minimal amount of <25% of channel riffie substrates are present as standing pools. 

channel substrate is substrate is exposed. mostly exposed. 
(high and low exposed. 
gradient) 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 l 0 
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Optimal Range 

Optimal Range 

Sa. Channel Flow Status-High Gradient 

Poor Range 
(arrow showing that water is not reaching both banks; leaving 
much of channel uncovered) 

Sb. Channel Flow Status-Low Gradient 

Poor Range (James Stahl, IN DEM) 
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Parameters to be evaluated broader than sampling reach: 

6 
high and low 

gradient streams 

Selected 
References 

Habitat 
Parameter 

CHANNEL ALTERATION 

Is a measure oflarge-scale changes in the shape of the stream channel. 
Many streams in urban and agricultural areas have been straigl;ttened, 
deepened, or diverted into concrete channels, often for flood control or 
irrigation purposes. Such streams have far fewer natural habitats for fish, 
macroinvertebrates, and plants than do naturally meandering streams. 
Channel alteration is present when artificial embankments, riprap, and 
other forms of artificial bank stabilization or structures are present; when 
the stream is very straight for significant distances; when dams and 
bridges are present; and when other such changes have occurred. 
Scouring is often associated with channel alteration. 

Barbour and Stribling 1991, Simon 1989a, b, Simon and Hupp 1987, 
Hupp and Simon 1986, Hupp 1992, Rosgen 1985, Rankin 1991, 
MacDonald et al. 1991. 

Condition Catee:orv 

Optimal Subootimal Mare:inal Poor 

Channelization or Some channelization Channelization may be Banks shored with 
6.Channel dredging absent or present, usually in areas extensive; embankments gabion or cement; over 
Alteration minimal; stream with of bridge abutments; or shoring structures 80% of the stream reach 

normal pattern. evidence of past present on both banks; channelized and 
(high and low channelization, i.e., and 40 to 80% of stream disrupted. Instream 
gradient) dredging, (greater than reach channelized and habitat greatly altered or 

past 20 yr) may be disrupted. removed entirely. 
present, but recent 
channelization is not 
present. 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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Optimal Range 

Optimal Range 

6a. Channel Alteration-High Gradient 

Poor Range 
(arrows emphasizing large-scale channel 
alterations) 

6b. Channel Alteration-Low Gradient 

Poor Range (John Maxted, DE DNREC) 
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7a 
high gradient 

streams 

Selected 
References 

Habitat 
Parameter 

FREQUENCY OF RIFFLES (OR BENDS) 

Is a way to measure the sequence of riffles and thus the heterogeneity 
occurring in a stream. Riffles are a source of high-quality habitat and 
diverse fauna, therefore, an increased frequency of occurrence greatly 
enhances the diversity of the stream community. For high gradient 
streams where distinct riffles are uncommon, a run/bend ratio can be used 
as a measure of meandering or sinuosity (see 7b ). A high degree of 
sinuosity provides for diverse habitat and fauna, and the stream is better 
able to handle surges when the stream fluctuates as a result of storms. 
The absorption of this energy by bends protects the stream' from 
excessive erosion and flooding and provides refugia for benthic 
invertebrates and fish during storm events. To gain an appreciation of 
this parameter in some streams, a longer segment or reach than that 
designated for sampling should be incorporated into the evaluation. In 
some situations, this parameter may be rated from viewing accurate 
topographical maps. The "sequencing" pattern of the stream morphology 
is important in rating this parameter. In headwaters, riffles are usually 
continuous and the presence of cascades or boulders provides a form of 
sinuosity and enhances the structure of the stream. Astable channel is 
one that does not exhibit progressive changes in slope, shape, or 
dimensions, although short-term variations may occur during floods 
(Gordon et al. 1992). 

Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983, 
Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983, 
Hughes and Omernik 1983, Cushman 1985, Bain and Boltz 1989, 
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988. 

Condition Cateiwrv 
Optimal Suboptimal Mareinal Poor 

7a. Frequency of Occurrence ofriffies Occurrence of riffles Occasional riffle or bend; Generally all flat water 
Rlffies (or bends) relatively frequent; ratio infrequent; distance bottom contours provide or shallow riffies; poor 

of distance between between riffles divided some habitat; distance habitat; distance between 
(hlgb gradient) riffles divided by width by the width of the between riffles divided riffles divided by the 

of the stream <7:1 stream is between 7 to by the width of the width of the stream is a 
(generally 5 to 7); variety i5. stream is between 15 to ratio of>25. 
of habitat is key. In 25. 
streams where riffies are 
continuous, placement of 
boulders or other large, 
natural obstruction is 
imoortant. 

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 .o 
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7a. Frequency of Riffles (or bends)-High Gradient 

Poor Range 

Optimal Range 
(arrows showing frequency of riffles and 
bends) 

7b 
low gradient 

streams 

Selected 
References 

CHANNEL SINUOSITY 

Evaluates the meandering or sinuosity of the stream. A high degree of 
sinuosity provides for diverse habitat and fauna, and the stream is better 
able to handle surges when the stream fluctuates as a result of storms. The 
absorption of this energy by bends protects the stream from excessive 
erosion and flooding and provides refugia for benthic invertebrates and 
fish during storm events. To gain an appreciation of this parameter in low 
gradient streams, a longer segment or reach than that designated for 
sampling may be incorporated into the evaluation. In some situations, this 
parameter may be rated from viewing accurate topographical maps. The 
"sequencing" pattern of the stream morphology is important in rating this 
parameter. In "oxbow" streams of coastal areas and deltas, meanders are 
highly exaggerated and transient. Natural conditions in these streams are 
shifting channels and bends, and alteration is usually in the form of flow 
regulation and diversion. A stable channel is one that does not exhibit 
progressive changes in slope, shape, or dimensions, although short-term 
variations may occur during floods (Gordon et al. 1992). 

Hupp and Simon 1991, Brussock and Brown 1991, Platts et al. 1983, 
Rankin 1991, Rosgen 1985, 1994, 1996, Osborne and Hendricks 1983, 
Hughes and Omernik 1983, Cushman 1985, Bain and Boltz 1989, 
Gislason 1985, Hawkins et al. 1982, Statzner et al. 1988. 
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Habitat Condition Categorv 

Parameter Ootimnl Subootimal Marginal Poor 

7b.Channcl The bends in the stream The bends in the stream The bends in the stream Channel straight; 
Sinuosity increase the stream increase the stream increase the stream waterway has been 

length 3 to 4 times longer length 2 to 3 times longer length 1 to 2 times longer channelized for a long 
(low gradient) than if it was in a straight than if it was in a straight than if it was in a straight distance. 

line. (Note - channel line. line. 
braiding is considered 
normal in coastal plains 
and other low-lying areas. 
This parameter is not 
easily rated in these 
areas.) 

SCORE 20 19 18 17 16 15 14 13 12 11 IO 9 8 7 6 5 4 3 2 I 0 

7b. Channel Sinuosity--Low Gradient 

Optimal Range Poor Range 
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8 BANK STABILITY (condition of banks) 

high and low 
gradient streams 

Measures whether the stream banks are eroded (or have the potential for 
erosion). Steep banks are more likely to collapse and suffer from erosion 
than are gently sloping banks, and are therefore considered to be 
unstable. Signs of erosion include crumbling, unvegetated banks, 
exposed tree roots, and exposed soil. Eroded banks indicate a problem of 
sediment movement and deposition, and suggest a scarcity of cover and 
organic input to streams. Each bank is evaluated separately and the 
cumulative score (right and left) is used for this parameter. 

Selected 
References 

Ball 1982, MacDonald et al. 1991, Armour et al. 1991, Barbour and 
Stribling 1991, Hupp and Simon 1986, 1991, Simon 1989a, Hupp 1992, 
Hicks et al. 1991, Osborne et al. 1991, Rosgen 1994, 1996. 

Habitat Condition Cate1!0ry 

Parameter Ootimal Subootimal Marginal Poor 
Banks stable; evidence Moderately stable; Moderately unstable; 30- Unstable; many eroded 

8. Bank Stability of erosion or bank failure infrequent, small areas of 60% of bank in reach has areas; "raw" areas 
(score each bank) absent or minimal; little erosion mostly healed areas of erosion; high frequent along straight 

potential for future over. 5-30% of bank in erosion potential during sections and bends; 
Note: determine problems. <5% of bank reach has areas of floods. obvious bank sloughing; 
left or right side affected. erosion. 60-100% of bank has 
by facing erosional scars. 
downstream 

(high and low 
gradient) 

Le.ftBartk: /. 10'. .•9} s 7 (j .: .. ·:S. : ,. 

4 
, 3:•··.····: ·•2::, ·T· 0 : ·~ SCORE_(LB) ,._, 

SCORE IRB) RfahrBiink· 'id :9.•·:: k g· T· h. •"•·· 5 .4 <.:f ......... 2· ·.\ 'L , 0: ,·~. 
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Sa. Bank Stability (condition ofbanks)-High Gradient 

Optimal Range Poor Range (MD Save Our Streams) 
(arrow pointing to stable streambanks) (arrow highlighting unstable strearnbanks) 

Sb. Bank Stability (condition of banks)-Low Gradient 

Optimal Range (PeggyMorgan,FLDEP) Poor Range 
(arrow highlighting unstable strearnbanks) 
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9 BANK VEGETATIVE PROTECTION 

high and low 
gradient streams 

Measures the amount of vegetative protection afforded to the stream bank 
and the near-stream portion of the riparian zone. The root systems of 
plants growing on stream banks help hold soil in place, thereby reducing 
the amount of erosion that is likely to occur. This parameter supplies 
information on the ability of the bank to resist erosion as well as some 
additional information on the uptake of nutrients by the plants, the 
control of instream scouring, and stream shading. Banks that have full, 
natural plant growth are better for fish and macroinvertebrates than are 
banks without vegetative protection or those shored up with concrete or 
riprap. This parameter is made more effective by defining the native 
vegetation for the region and stream type (i.e., shrubs, trees, etc.). In 
some regions, the introduction of exotics has virtually replaced all native 
vegetation. The value of exotic vegetation to the quality of the habitat 
structure and contribution to the stream ecosystem must be considered in 
this parameter. In areas of high grazing pressure from livestock or where 
residential and urban development activities disrupt the riparian zone, the 
growth of a natural plant community is impeded and can extend to the 
bank vegetative protection zone. Each bank is evaluated separately and 
the curr:mlative score (right and left) is used for this parameter. 

Selected 
References 

Platts et al. 1983, Hupp and Simon 1986, 199'i, Simon and Hupp 1987, 
Ball 1982, Osborne et al. 1991, Rankin 1991, Barbour and Stribling 1991, 
MacDonald et al. 1991, Armour et al. 1991, Myers and Swanson 1991, 
Bauer and Burton 1993. 

Habitat Condition Categ:orv 

Parameter Ootimal Subootimal Marg:inal Poor 

More than 90% of the 70-90% of the 50-700/o of the Less than 50% of the 
9. Vegetative streambank surfaces and streambank surfaces streambank surfaces streambank surfaces 
Protection (score immediate riparian zones covered by native covered by vegetation; covered by vegetation; 
each bank) covered by native vegetation, but one class disruption obvious; disruption of streambank 

vegetation, including of plants is not well- patches of bare soil or vegetation is very high; 
Note: determine trees, understory shrubs, represented; disruption closely cropped vegetation has been 
left or right side ornonwoody evident but not affecting vegetation common; less removed to 
by facing macrophytes; vegetative full plant growth than one-half of the 5 centimeters or less in 
downstream. disruption through potential to any great potential plant stubble average stubble height. 

grazing or mowing extent; more than one- height remaining. 
(high and low minimal or not evident; half of the potential plant 
gradient) almost all plants allowed stubble height remaining .. 

to grow naturally. 

Left Bank• 
•·• 1(); 

;f•·· 8 ·r···· K. ·. /<4··· / .•.• ::i:. 
.. 

'I CO' SCORE_(LB) "·· .· 5 .·.z. 
SCORE fRB) Rfalit!3~tii<• 10 •.g·.····· .. 8 1 6 

.. 5 .. 4 .. ·. : ····~·:·· ··2::.:· . <l .. o.··· 

Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition 5-27 



9a. Bank Vegetative Protection-High Gradient 

Optimal Range Poor Range 
(arrow pointing to strcambank with high level of vegetative 
cover) 

(arrow pointing to stream bank with almost no vegetative cover) 

Optimal Range 

5-28 

9b. Bank Vegetative Protection-Low Gradient 

(PeggyMorgan,FLDEP Poor Range (MD Save Our Streams) 
(arrow pointing to channelized streambank with no vegetative " 
cover) 
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RIPARIAN VEGETATIVE ZONE WIDTH 

high and low 
gradient streams 

Measures the width of natural vegetation from the edge of the stream 
bank out through the riparian zone. The vegetative zone serves as a 
buffer to pollutants entering a stream from runoff, controls erosion, and 
provides habitat and nutrient input into the stream. A relatively 
undisturbed riparian zone supports a robust stream system; narrow 
riparian zones occur when roads, parking lots, fields, lawns, bare soil, 
rocks, or buildings are near the stream bank. Residential developments, 
urban centers, golf courses, and rangeland are the common causes of 
anthropogenic degradation of the riparian zone. Conversely, the presence 
of "old field" (i.e., a previously developed field not currently in use), 
paths, and walkways in an otherwise undisturbed riparian zone may be 
judged to be inconsequential to altering the riparian zone and may be 
given relatively high scores. For variable size streams, the specified 
width of a desirable riparian zone may also be variable and may be best 
determined by some multiple of stream width (e.g., 4 x wetted stream 
width). Each bank is evaluated separately and the cumulative score (right 
and left) is used for this parameter. 

Selected 
References 

Habitat 
Parameter 

Barton et al. 1985, Naiman et al. 1993, Hupp 1992, Gregory et al. 1991, 
Platts et al. 1983, Rankin 1991, Barbour and Stribling 1991, Bauer and 
Burton 1993. 

Condition Category 

Ootimal Suboptimal Marl!inal Poor 

Width of riparian zone Width of riparian zone Width of riparian zone 6- Width of riparian zone 
10. Riparian > 18 meters; human ·12-18 meters; human 12 meters; human <6 meters: little or no 
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due 
Width (score each lots, roadbeds, clear-cuts, zone only minimally. zone a great deal. to human activities. 
bank riparian lawns, or crops) have not 
zone) impacted zone. 

(high and low 
gradient) 

LeftBank· 10·· 9> 
. · ... • 

8 7 .. ~6 5 .. 4···· ··.· :'3'0 ,' \ z· . y•· .. 
··',o: SCORE_(LB) ·'·'··· . 

fRR) R:ii>litBiiiik ro 9: ... 7 .6 4 :3 .·.•. 
.. 

i ·'-' 

SCORE 8 " : 5. . •: 2 0 ___ , 
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lOa. Riparian Vegetative Zone Width-High Gradient 

Optimal Range Poor Range 
(arrow pointing out an undisturbed riparian zone) (arrow pointing out Jack of riparian zone) 

lOb. Riparian Vegetative Zone Width-Low Gradient 

Optimal Range 
(1UTOW emphasizing an undisturbed riparian zone) 
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Poor Range (MD Save Our Streams) 
(arrow emphasizing Jack of riparian zone) 
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5.3 ADDITIONS OF QUANTITATIVE MEASURES TO THE 
HABITAT ASSESSMENT 

Kaufinann (1993) identified 7 general physical habitat attributes important in influencing stream 
ecology. These include: 

• channel dimensions 

• channel gradient 

• channel substrate size and type 

• habitat complexity and cover 

• riparian vegetation cover and structure 

• anthropogenic alterations 

• channel-riparian interaction. 

All of these attributes vary naturally, as do biological characteristics; thus expectations differ 
even in the absence of anthropogenic disturbances. Within a given physiographic-climatic 
region, stream drainage area and overall stream gradient are likely to be strong natural 
determinants of many aspects of stream habitat, because of their influence on discharge, flood 
stage, and stream power (the product of discharge times gradient). In addition, all of these 
attributes may be directly or indirectly altered by anthropogenic activities. 

In Section 5.2, an approach is described whereby habitat quality is interpreted directly in the 
field by biologists while sampling the stream reach. This Level 1 approach is observational and 
requires only one person (although a team approach is recommended) and takes about 15 to 20 
minutes per stream reach. This approach more quickly yields a habitat quality assessment. 
However, it depends upon the knowledge and experience of the field biologist to make the 
proper interpretation of observed of both the natural expectations (potentials) and the biological 
consequences (quality) that can be attributed to the observed physical attributes. Hannaford et 
al. (1997) found that training in habitat assessment was necessary to reduce the subjectivity in a 
visual-based approach. The authors also stated that training on different types of streams may be 
necessary to adequately prepare investigators. 

The second conceptual approach described here confines observations to habitat characteristics 
themselves (whether they are quantitative or qualitative), then later ascribing quality scoring to 
these measurements as part of the data analysis process. Typically, this second type of habitat 
assessment approach employs more quantitative data collection, as exemplified by field methods 
described, by Kaufinann and Robison (1997) for EMAP, Simonson et al. (1994), Meador et al. 
(1993) for NAWQA, and others cited by Gurtz and Muir (1994). These field approaches 
typically define a reach length proportional to stream width and employ transect measurements 
that are systematically spaced (Simonson et al. 1994, Kaufinann and Robison 1997) or spaced by 
judgement to be representative (Meador et al. 1993). They usually include measurement of 
substrate, channel and bank dimensions, riparian canopy cover, discharge, gradient, sinuosity, in­
channel cover features, and counts of large woody debris and riparian human disturbances. They 
may employ systematic visual estimates of substrate embeddedness, fish cover features, habitat 
types, and riparian vegetation structure. The time commitment in the field to these more 
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quantitative habitat assessment methods is usually 1.5 to 3 hours with a crew of two people. 
Because of the greater amount of data collected, they also require more time for data 
summarization, analysis, and interpretation. On the other hand, the more quantitative methods 
and less ambiguous field parameters result in considerably greater precision. The USEP A 
applied both quantitative and visual-based (RBPs) methods in a stream survey undertaken over 4 
years in the mid-Atlantic region of the Appalachian Mountains. An earlier version of the RBP 
techniques were applied on 301 streams with repeat visits to 29 streams; signal-to-noise ratios 
varied from 0.1 to 3.0 for the twelve RBP metrics and averaged (1.1 for the RBP total habitat 
quality score). The quantitative methods produced a higher level of precision; signal-to-noise 
ratios were typically between 10 and 50, and sometimes in excess of 100 for quantitative 
measurements of channel morphology, substrate, and canopy densiometer measurements made 
on a random subset of 186 streams with 27 repeat visits in the same survey.' Similarly, semi­
quantitative estimates offish cover and riparian human disturbance estimates obtained from 
multiple, systematic visual observations of otherwise measurable features had signal:noise ratios 
from 5 to 50. Many riparian vegetation cover and structure metrics were moderately precise 
(signal:noise ranging from 2 to 30). Commonly used flow dependent measures (e.g., riffle/pool 
and width/depth ratios), and some visual riparian cover estimates were less precise, with 
signal:noise ratios more in the range of those observed for metrics of the EPA' s RBP habitat 
score (<2). 

The USEPA's EMAP habitat assessment field methods are presented as an option for a second 
level (II) of habitat assessment. These methods have been applied in numerous streams 
throughout the Mid-Atlantic region, the Midwest, Colorado, California, and the Pacific 
Northwest. Table 5-1 is a summary of these field methods; more detail is presented in the field 
manual by Kaufmann and Robison (1997). 

T bl S 1 C a e - . omponents o fEMAP h ' lh b' Pi LYSICa a 1tat protocol. 

* 

Component Description 

1. 

2. 

3. 

4. 

Thalweg Measure maximum depth, classify habitat, determine presence of soft/small sediment 
Profile at 10-15 equally spaced intervals between each of 11 channel cross-sections (100-150 

along entire reach). Measure wetted width at 11 channel cross-sections and mid-way 
between cross-sections (21 measurements). 

Woody Between each of the channel cross sections, tally large woody debris numbers within 
Debris and above the bankfull channel according to size classes. 

Channel At 11 cross-section stations placed at equal intervals along reach length: 
and Measure: channel cross section dimensions, bank height, undercut, angle Riparian 

. 
Cross- (with rod and clinometer); gradient (clinometer), sinuosity (compass backsite), 

Sections riparian canopy cover (densiometer). . Visually Estimate*: substrate size class and embeddedness; areal cover class 
and type (e.g., woody) of riparian vegetation in Canopy, Mid-Layer and 
Ground Cover; areal cover class of fish concealment features, aquatic 
macrophytes and filamentous algae. 

. Observe & Record*: human disturbances and their proximity to the channel. 

Discharge In medium and large streams (defines later) measure water depth and velocity@ 0.6 
depth (with electromagnetic or impeller-type flow meter) at 15 to 20 equally spaced 
intervals across one carefully chosen channel cross-section. In very small streams, 
measure discharge with a portable weir or time the filling of a bucket. 

Substrate size class and embeddedness are estimated, and depth 1s measured for 55 particles taken at 5 equally-spaced pomts on 
each of 11 cross-sections. The cross'-section is defined by laying the surveyor's rod or tape to span the wetted channel. Woody 
debris is tallied over the distance between each cross-section and the next cross-section upstream. Riparian vegetation and 
human disturbances arc observed 5 m upstream and 5 m downstream from the cross section station. They extend shoreward 10 
m from left and right banks. Fish cover types, aquatic macrophytes, and algae are observed within channel 5 m upstream and 5 
m downstream from the cross section stations. These boundaries for visual observations are estimated by eye. 
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Table 5-2 lists the physical habitat metrics that can be derived from applying these field 
methods. Once these habitat metrics are calculated from the available physical habitat data, an 
assessment would be obtained from comparing these metric values to those of known reference 
sites. A strong deviation from the reference expectations would indicate a habitat alteration of 
the particular parameter. The close connectivity of the various attributes would most likely 
result in an impact on multiple metrics if habitat alteration was occurring. The actual process for 
interpreting a habitat assessment using this approach is still under development. 

Table 5-2. Example of habitat metrics that can be calculated from the EMAP physical habitat data. 

Channel mean width and depth 
Channel volume and Residual Pool volume 
Mean channel slope and sinuosity 
Channel incision, bankfull dimensions, and bank characteristics 
Substrate mean diameter,% fines,% embeddedness 
Substrate stability 
Fish concealment features (areal cover of various types, e.g., undercut banks, brush) 
Large woody debris (volume and number of pieces per 100 m) 
Channel habitat types (e.g.,% of reach composed of pools, riffles, etc.) 
Canopy cover 
Riparian vegetation stnicture and complexity 
Riparian disturbance measure (proximity-weighted tally of human disturbances) 
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