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Abstract.-We' assessed the precision of the habitat
quality index (HQI) model 11, a model for rating habitat
quality in trout streams and predicting fish standing
stocks. This is a deterministic model, and its precision
depends on the ability of observers to generate similar
input values. Three 50-m stream reaches were evaluated
by three teams per reach. Among individual attributes,
measurements of cover and eroding bank had the geatest variability. Our results demonstrate the need for more
thorough definition of these attributes to reduce subjectivity and associated measurement variability.
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A review of mathematical models that predict
standing stocks of stream fishes from habitat variables was compiled by Fausch et al. (1988). Such
models are sometimes perceived as being of little
practical value. A common criticism is that model
predictions are not precise enough for management application. Because a deterministic mathematical model generates the same output if input
values remain the same, the model's precision (repeatability)is affected by the ability ofan observer,
or of different observers measuring the same condition, to repeatedly produce the same answer
(Platts et al. 1983). Lack of precision in field measurements is often related to observer bias or error
and inadequate standardization. A model deemed
to have good precision could be a useful tool for
fisheries managers.
In the western United States, the habitat quality
index (HQI) developed by Binns and Eiserman
(1979) is widely used for rating habitat quality in
trout streams and predicting standing stocks. Model
I1 of the HQI requires assessment of nine habitat
features (Binns 1979)that are rated, based on standardized criteria, from 0 (worst) to 4 (best). Ratings are inserted into the model's formula to pre-
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dict potential standing stock of trout (range, 01,083 kghectare).
Accuracy of the HQI (the degree to which a
predicted trout standing stock corresponds to the
true trout standing stock) has been tested with
relatively good results in the Rocky Mountains
(Conder and Annear 1987; Scamecchia and Bergersen 1987; Kozel and Hubert 1989) but poor
performance elsewhere (Bowlby and Roff 1986).
We conducted an experiment to assess HQI model
I1 precision, defined as the degree to which independent teams of observers could generate the same
model output.
Methods
Testing of the model was performed by 2 1 members of a graduate seminar in stream ecology at
the University of Wyoming. The students received
no formal training regarding HQI procedures prior
to the experiment. Nine teams, each consisting of
two or three students, conducted independent HQI
evaluations. Each team was provided a copy of
the HQI procedures manual (Binns 1982) and
written directions emphasizing the importance of
developing HQI scores without outside consultation or discussion with other teams, although discussion among team members was encouraged.
The study site was Spring Creek, a small channelized stream in an urban area of Laramie, Wyoming. Field work was conducted during October
25-30, 1991, when Spring Creek's discharge was
0.07 m3/s. Three 50-m HQI stations (upper, middle, and lower), located about 100 m apart, were
selected for evaluation. These stations, chosen in
a 0.5-km stream reach, were judged by visual inspection to have relatively high habitat diversity.
Salmonid species known to exist in the study area
were rainbow trout Oncorhynchus mykiss, cutthroat trout 0. clarki, brown trout Salmo trutta,
and brook tro,ut Salvefinusfontinalis.
Each team evaluated seven of the nine HQI
model I1 variables in the field. Ratings for two
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TABLEl.-Ratings and measured values for seven attributes of the habitat quality index (HQI) model 11, as well
as predicted potential trout standing crop. Values were determined by nine teams (1-9) at three stations (upper,
middle, and lower) in Spring Creek, Wyoming, October 25-30, 199 1.
Station
Upper
Attribute

Late summer streamflow
2
Rating
Annual streamflow variation
Rating
2
Cover
Rating
.
1
Measured value
15%
Eroding banks
Rating
3
Measured value
16%
Substrate
Rating
1
Water velocity ( c d s )
Rating
2
Measured value
20.4
Wetted width (m)
Rating
2
Measured value
2.1
Predicted potential
standing stock
12
@@hectare)

Middle
3

4

5

6

7

8

9

4

3

4

4

4

4

4

4

3

2

*3

3

4

3

3

2

2
27%

1
19%

2
34%

0
7%

0
8%

1
23%

2
39%

1
25%

2
35%

1
57%

3
17%

3
6%

3
16%

0
92%

0
98%

74%

0

1

1

1

1

1

1

1

2
17.4

2
17.1

2
18.9

2
18.9

2
21.0

2
24.1

3
33.5

3
33.5

2

2
2.2

2
2.1

2
2.2

2
2.1

2
2.1

1
1.8

2
2.1

-

2.1
9

13

variables, maximum summer stream temperature
and nitrate nitrogen, were provided to all teams.
No discharge records were available to aid in calculation of ratings for the late summer streamflow
and annual streamflow variation attributes. Therefore, students followed the HQI procedures manual to rate these two attributes based upon careful
observation of existing channel conditions. Each
HQI station was evaluated by three teams. Resulting data were used to evaluate the measurement error associated with individual model variables and the effect of measurement error on model
predictions.
For each HQI station, the number of independent observations ( N ) required to generate an estimate of the mean HQI score within 2Ooh of the
true mean at the 10% significance level (P= 0.10)
was calculated with the following formula (Burns
1966):
L

1

Lower

2

1

N = (t2)(S2)/(a.x)2;
t = tabular value with 2 df and P = 0.10;
S2 = variance of the measured value;
a = accuracy desired in describing the mean
(0.2);
x = mean in a group of n samples.

This formula was also used to determine the number of independent observations required to gen-
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17

21

17

21

1

20

erate an estimate of the mean measured values
(within 20% of the true mean at a P of 0.10) for
the attributes cover, eroding bank, water velocity,
and stream width. Rating of the other three variables (late-summerstreamflow,annual streamflow
variation, and substrate) involved qualitative
judgements or no quantitative field measurements; therefore, the Bums (1966) equation was
not applicable.
Our assessment of model precision, as well as
measurement error of individual model variables,
was based on the calculated values of N. We subjectively decided that if more than three observations made by different teams were needed to
achieve the specified precision, then variability in
rating the attribute was substantial.
Results
The measured values and ratings of the HQI
attributes for all nine teams in their respective
stations (upper, middle, and lower), as well as the
model predictions (standing stock in kilograms per
hectare), are presented in Table 1. Among measured values of the individual attributes, cover and
eroding banks had the greatest variability. The
greatest variability in cover measurements was in
the middle station (range, 7-34%/0), and in eroding
bank measurementswas in the upper station (range,
16-57%). Among rated values of the individual
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TABLE
2. -Number of independent observations (N)
required to generate an estimate of the cover, eroding
bank, water velocity, and wetted-width attributes and to
provide an HQI score within 2Oohofthe true mean values
(P= 0.10) for three stations (upper, middle, and lower)
on Spring Creek, Wyoming, October 25-30, 199 1.
Attribute and
index
Cover
Eroding banks
Water velocity
Wetted width

HQI

Station

Upper

Middle

Lower

19
69

187
46

19

2
2

1
2

7
2

7

14

2

4

attributes, the cover, eroding bank, and late-summer streamflow attributes showed greatest variability. The upper station showed greatest variability in ratings for both late-summer streamflow
and eroding bank attributes. Greatest variability
in the ratings for cover occurred in the middle
station.
The annual streamflow variation, substrate, water velocity, and wetted-width attribute ratings did
not vary by more than one in any of the three HQI
iterations per station.
The number of observations needed to estimate
standing stock from the model, with the specified
precision, were 7, 14, and 2 for the upper, middle,
and lower stations, respectively (Table 2). Variation in the measured values of individual model
attributes resulted in .a wide range of N values.
Highest predicted N values for the measured attributes (Table 2) were 187 for cover (middle station), 69 for eroding bank (upper station), 7 for
water velocity (lower station), and 2 for wetted
stream width (all stations).

Discussion
The variability of ratings and measured values
was greatest for attributes involving two streambank characteristics,cover and eroding banks. As
cover measurement is subjective, the observed
variability was not surprising. However, the variability in eroding streambank length was unexpected. Whereas other model I1 attributes are
defined quantitatively (except late-summer
streamflow and annual streamflow variation when
discharge records are not available), the cover and
eroding bank attributes are not. The range of measured values for these two attributes demonstrate
a need for more thorough and perhaps quantitative
definitions to reduce subjectivity and associated
variability. For example, Wesche (1980) defined
overhead cover for brown trout in small streams

as specific areas having water depth of at least 15
cm, water velocity of less than 15 cm/s, and overhead cover with a width of at least 9 cm.
Based on our criteria that adequate precision is
indicated by predicted values of N of 3 or less, our
hypothesis, that the variation in individual attribute evaluations and subsequent ratings would lead
to substantial variation in model predictions, was
accepted for the upper and middle HQI stations.
At these stations, variability in measurements required several independent observations per station (7 in the upper and 14 in the middle) to estimate standing stocks of trout. However, data from
the lower station suggest rejecting the hypothesis.
Although variation in individual attribute evaluations and subsequent ratings existed in the lower
station, they did not lead to large variation in model output (N = 2). Reduced variability for model
output in the lower reach may be due to random
variability of team scores, or to habitat homogeneity within the reach.
The major focus of many stream habitat improvement projects is to increase fish cover and
decrease bank erosion. Given the variability among
values derived by the teams in this study, changes
in the amount of cover and eroding banks following treatment may not be detected by untrained
personnel using the HQI model 11. Although we
did not compare the precision of values derived
by trained verses untrained personnel, variation
may be reduced with prior HQI model I1 training
and experience.
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