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Abstract.—We reporl on the abil i ty of trained observers to independently classify habitat units
wi th in stream reaches into primary (pools, riffles, and glides) and secondary (types of pools and
types of riffles) habitat types. Differences among observers in classifying habitat types increased
with the number of habitat types and decreased wi th level of observer t raining. Observer variability
also seemed to be affected by reach-specific physical at tr ibutes, such as gradient and the amount
of wood in the stream channel. Attempts to classify stream habitats w i l l be more consistent and
useful if observers receive suff ic ient uniform training and are required to dis t inguish between
fewer habitat types.

Physical habitat evaluations are often an im-
portant tool for assessing the effects of human ac-
tivities on a stream and its biota (Heifetx el al.
1986: Hicks 1989). Streams consist of continuous
reaches of flowing water naturally divided into dis-
tinct habitat uni ts (Leopold el al. 1964), such as
pools and riffles and glides with varying deplhs,
velocities, and subslraie lypes. The distr ibution
and frequency of specific habilal unils wi th in a
basin reflecl basin geomorphology (Leopold el al.
1964; Knighton 1984; Montgomery and Buff ing-
ton 1993) and influence the biolic community
(Dambacher 1991: Bisson et al. 1982). Therefore,
stream evaluations are often stralified according to
habitat types identified visually by trained inde-
pendent observers (Hankin 1984: Hankin and
Reeves 1988: Hawkins et al. 1993).

For stratification by habital type to be useful,
independent observers must be able to classify
habitat uni ts objectively and consistently (South-
wood 1980). Independent observers must also be
able to estimate dimensions of the habitat uni ts
once the units have been identified (Hankin and
Reeves 1988). We report on three trials that eval-
uate the abil i ty of trained observers to indepen-
dently classify habitat units into primary (pools,
riffles, and glides) and secondary (types of pools
and types of riffles) habitat types, and to visual ly
estimate stream channel dimensions.

Methods
Classification trials were conducted on a single

reach on each of three streams within the South
Umpqua River basin of southwestern Oregon. Trial
I was conducted in 1992, and trials 2 and 3 in
1993. Two of the three trials were in basins in
which timber had been harvested from more than
25% of the area, and the third trial was in an un-

developed basin (Table I ) . All three trials were
completed during summer when streams were at
base flow.

Trial I: Dumont Creek.—Eight trained observ-
ers classified habitat uni ts into types on the same
reach of Dumont Creek. All observers had re-
ceived sufficient t raining so that the U.S. Forest
Service (USFS) previously and subsequently used
them to conduct stream surveys without additional
training. Five of the eight observers had been
trained in a 3-d USFS short course, of which 1 d
was spent in the field classifying habitat units into
types. We provided no additional training.

The observers classified the stream reach into
primary habitat types (USFS 1992) and visually
estimated the length and average width of each
habitat un i t , sequentially in an upstream direction
on the same day. Total length and area of the trial
reach were estimated by the methods described by
Hankin and Reeves (1988). Observers were also
instructed to further classify pools into secondary
habital types: trench, plunge, backwater, dam, and
lateral scour as defined by Bisson et al. (1982).
All observers were in i t i a l ly given an instruction
sheet that defined primary and secondary habital
lypes and were permitted to refer to these instruc-
tions during the trial. A habilal unil was considered
to be discrete only if its length exceeded its av-
erage width; otherwise, observers were instructed
to include thai unit 's surface area in an adjacent
habital unil .

Afier ihe observers finished, aclual measure-
ments of the habital unils were made by ihe senior
aulhor. Lenglh was measured ihrough ihe cenler
of the stream channel and habital widlhs were mea-
sured every 2-10 m. depending on ihe stream
channel complexity and the length of a particular
habital unil. Visual estimates were compared to
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TABU- 1.—Characteristics of the watersheds in which
the three habitat classification trials were conducted. Large
woody debris (LWD) are pieces of wood within the active
channel greater than 60 cm in diameter and 8 in in length.

Variable

Creek
Stream order
Stream width (m)
Watershed area (ha)
Percent logged
Number of LWD/km
Gradient (%)

1

Dumont
4

6.4
8.099

28
4

2.3

Trial
2

Slick
3

5.8
4,587

29
6

2.5

3

Lonewoman
3

4.9
1,966

3
24

4.0

actual measurements and correction factors and
confidence intervals of visual estimates were cal-
culated with equations 3 and 4 from Hankin and
Reeves (1988).

We then compared how each observer had clas-
sified the reach into primary and secondary habitat
units. For each habitat uni t thai at least five of the
eight observers classified as a pool, we compared
how the observers differed in their classification
of that habitat unit into different secondary habitat
types. Because there was no "correct" interpre-
tation, we investigated variability (range and co-
efficient of variation) in the observers' classifi-
cations, not the mean values.

Trials 2 and 3: Slick Creek and Lonewoman
Creek.—Because few habitat units (mean, 19)
were identified in Dumont Creek in 1992, addi-
tional trials were conducted by six observers on
two other streams in 1993. The two streams were
chosen to reflect different levels of land manage-
ment activities (Table I ) . All observers had been
professionally involved in habitat classification
surveys periodically for at least 2 years. Consis-
tency among observers was enhanced by providing
them with uniform training at a 3-d USFS training
session, in which the observers reviewed habitat
survey and classification methods. Also, the group
spent 2 d in the field classifying stream habitats.

In each trial, 75 habitat units were identified (25
each by three of the observers in each stream) for
classification by habitat type. Each of the six ob-
servers classified the 150 habitat units into the
three primary habitat types and five pool types
identified in Trial 1. Additionally, riffles were clas-
sified as low-gradient, high-gradient, or cascading
(Bisson et al. 1982). As in trial 1, we assessed
agreement among observers by investigating the
variability in classifications.

Complete agreement among observers in clas-
sifying a habitat unit's primary or secondary hab-

TABI.I-: 2.—Number of habitat units identified by each
observer, corrected visual eslimatc of total reach area, and
percentage of the area in each of the three primary habitat
types in trial I . The actual measured area was 2,717 m-.
Correction factors and confidence intervals (CD were de-
termined with equations from Hankin and Reeves (1988).

Obser-
vation

1
2
3
4
5
6
7
8

Num-
ber of
units

19
16
17
21
15
21
18
20

Area
correc-

tion
factor

1.41
0.96
1.12
2.23
0.83
0.83
1.07
0.88

Corrected
area ±
95% Cl

2,820
2,576
2,885
2,681
2,602
2.825
2.407
2,686

± 566
± 402
± 347
± 348
± 361
± 191
± 678
± 694

Percentage of
area classified as

Pool

61
52
34
63
66
57
52
60

Riffle

39
38
44
35
31
42
35
39

Glide

0
10
22

2
3
1

13
1

itat type was used to indicate consistency. Chi-
square goodness-of-fit tests were used to determine
if complete agreement among observers in clas-
sifying primary and secondary habitat types were
equally likely. Frequencies of habitat types within
a reach were estimated by assigning to each habitat
uni t the type designated by the majority of the
observers.

Results
Trial I: Dumont Creek

Although the eight observers* estimates (cor-
rected) of reach surface area differed from the ac-
tual measured area, the differences were small. The
95% confidence intervals of all eight observers'
estimates of reach area included the actual mea-
sured area of the reach (Table 2).

Individual observers identified 15-21 habitat
units within the reach (mean, 19). The observers
differed considerably in the amount of total reach
area they classified as pools, riffles, and glides.

Differences among observers in classifying
glides introduced substantial variability in habitat
classifications. From 0 to 22% of the reach area
was classified as glides. This discrepancy devel-
oped because habitat uni ts with shallow (<0.5 m),
slowly flowing water were often classified by some
observers as pools and by others as glides. The
proportion of the total area classified as riffles var-
ied (from 31 to 44% of reach area), but classifi-
cation disparity was less than for pools or glides
(Table 2). The coefficients of variation (CV = 100
X SD/mean) were 118 for glides. 18 for pools, and
1 1 for riffles.

Although variation in classification of the pri-
mary habitat types was large, classification of
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TABU-: 3.—Consistency (% agreement) with which eight
independent observers in trial 1 classified habitat units as
the same pool type or as a glide. A percentage of 100
indicates unanimity among observers, whereas smaller
percentages indicate inconsistency among observers.

TABLE 4.—Percentages of the combined 150 habitat
units in trials 2 (Slick Creek) and 3 (Lonewoman Creek)
classified by six observers as pool, riffle, and glide.

Pool type

Unit
I
2
3
4
5
6
7
8
9

Back-
water

37.5
25.0
37.5
25.0
37.5

().()
0.0

37.5
50.0

Scour

25.0
37.5
25.0
62.5
25.0
0.0
0.0

12.5
12.5

Dam

12.5
12.5
25.0
12.5
12.5
25.0
0.0

12.5
12.5

Trench

0.0
0.0

12.5
0.0

25.0
0.0
0.0
0.0

12.5

Plunge

0.0
0.0
0.0
0.0
0.0

75.0
100.0

0.0
0.0

Glide

25.0
25.0
0.0
0.0
0.0
0.0
0.0

37.5
12.5

pools into secondary habitat types was even more
variable (Table 3). In only one of nine cases did
all observers agree on a specific pool type for a
habitat unit that the majority of the observers had
classified as a pool. In the other eight cases, ob-
servers differed in their classification of the pool
type, which resulted in the same habitat unit being
classified by observers as two to four pool types
or as a glide.

Trials 2 and 3: Slick Creek and Lonewoman Creek
The uniformly trained observers in trials 2 and

3 differed less in their classification of primary
habitat types than did the less uniformly trained
observers in trial I . In the reaches of Slick and
Lonewoman creeks, 53-60% of the combined 150
habitat units were classified as pools (Table 4). The
7%> maximum difference among observers in the
total number of pools was considerably less than
the maximum difference of 32% in trial I . Low
variability among observers also existed in clas-
sifying riffles (36-49%) and glides (0-4%). The
CVs in classification of habitat units into types
were 5 for pools, 8 for riffles, and 44 for glides.
As in trial 1, the observers differed most in their
classification of glides.

Variability among observers in classifying
pools, riffles, and glides was similar in trials 2 and
3. Within trial 2, the CVs were 8 for pools, 1 1 for
riffles, and 64 for glides, and within trial 3, they
were 7 for pools, 9 for riffles, and 73 for glides.

Coefficients of variation in the classification of
secondary habitat types were considerably greater.
The CVs were 13 for low-gradient riffles, 27 for
high-gradient riffles, 43 for plunge pools, 46 for
backwater pools, 55 for dam pools, 63 for lateral

Percentage of area classified as

Observer

1
2
3
4
5
6

Pool

53
54
57
59
58
60

Riffle

43
46
49
38
39
36

Glide

4
<l

4
3
3
4

scour pools, 71 for trench pools, and 94 for cas-
cading riffles.

All six observers agreed on the primary habitat
type of 110 of the combined 150 habitat units
(73%). In trial 2, there was complete agreement
among observers in classifying pools, riffles, or
glides in 51 of the 75 (68%) habitat units; in trial
3, complete agreement was achieved in 59 of the
75 habitat units (79%). These differences were not
statistically different (x2 test, df 1, P > 0.1). Com-
plete agreement on the secondary habitat type was
significantly less common than complete agree-
ment in the primary habitat types (x2 test, df 1, P
< 0.01) and occurred in only 34 of the 150 (23%)
habitat units. Complete agreement among observ-
ers occurred in only 17 of 75 habitat units in both
trial 2 and trial 3.

Observers were more consistent in classifying
pool types in trial 3 (9 of 46) than in trial 2 (2 of
38). The greater amount of large woody debris in
Lonewoman Creek (trial 3) may have accounted
for the more consistent classification of pool types
there. The nine pools in Lonewoman Creek on
which all observers agreed were classified as
plunge pools and 6 of 9 of these plunge pools were
associated with large pieces of wood in the stream
channel.

Discussion
The variation among observers in the classifi-

cation of primary and secondary habitat types ap-
peared related to at least three factors: (1 ) the level
of definition required in classification (e.g., pools
in general versus specific types of pools), (2) the
level and uniformity of observer training, and (3)
the stream channel characteristics.

Generally, as the number of habitat types used
to classify a stream increased, consistency among
the observers decreased. For the combined 150
habitat units of trials 2 and 3, the observers were
in complete agreement nearly 75% of the time
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when only three primary habitat types were in-
volved, but they were in complete agreement less
than 25% of the time when nine secondary habitat
types were involved.

The inabil i ty of the observers to consistently
distinguish among secondary habitat types ap-
peared to be more acute for pools than for riffles,
but results varied with stream reach. For example,
in trial 2 observers demonstrated complete agree-
ment in classifying secondary riffle types in 45%
of the cases and secondary pool types in only 5%
of the cases. In contrast, observers in trial 3 dem-
onstrated complete agreement in classifying riffle
types in 35% of the cases and pool types in 20%'
of the cases. The larger number of pool types com-
pared to the number of riffle types (five secondary
pool types versus three secondary riffle types) may
have contributed to lower consistency in classi-
fying secondary pool types.

Although our results indicated that consistency
among observers improved with additional and
uniform training, the use of an elaborate habitat
classification scheme reduced repeatability despite
the training provided. Our results indicated that 5
d of standardized instruction were insufficient to
produce consistent habitat evaluations when a hab-
itat classification scheme with nine habitat types
was used.

Certain physical characteristics of streams may
also influence the consistency with which habitat
types are classified. For example, complete agree-
ment among observers in classifying riffles in tri-
als 2 and 3 may have been affected by the gradients
of the two stream segments. Observers were less
successful in consistently classifying riffles in trial
3 where the reach gradient was 4%. which is the
accepted value for separating low-gradient from
high-gradient riffles. Consequently, many habitat
uni ts in trial 3 l ikely had characteristics of both
high-gradient and low-gradient riffles and thus
were more difficult to classify than riffles in trial
2 where the stream gradient was 2.5%.

Although not tested in this study, discharge may
also affect consistency of stream classification into
habitat types. Dambacher (1991) reported that
pool : riffle : glide ratios differed between 2 years
in several Oregon streams. The greatest between-
year variation was found in a stream where esti-
mated stream volume more than doubled between
years. Under the higher volume (and concurrent
higher discharge and velocity) the tendency might
be to classify more pools as riffles because areas
of slow water would appear to be less common.

Our results from these three trials indicate that

complex stream habitat classifications are not con-
sistent among observers. It follows that, if stream
surveys are conducted with complex classification
systems (see McCain et al. 1991), the resulting
descriptions of stream conditions are suspect be-
cause conclusions may depend as much on the way
individual observers classified the stream channel
as on the actual physical characteristics of the
stream. We suggest that in many cases it may be
more informative to conduct fewer, more rigorous
studies describing characteristics of specific
stream segments than to use complex habitat clas-
sification schemes to describe entire streams.
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