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Physical Habitat Evaluation of Small Stream Fishes: Point vs. 
Transect, Observation vs. Capture Methodologies

j t John N. Rinnea
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ABSTRACT

Physical habitat data (velocity and depth of water, and percentage 
substrate composition) for several southwestern fishes collected by 
point and transect methodologies were similar. Velocity estimates 
showed less agreement and greatest variation. Choice of direct 
observation or capture by electrofishing as methods to locate fishes for 
habitat evaluation is problematic. Fish location techniques may induce 
more error in measurement of habitat than do different habitat 
evaluation techniques.

INTRODUCTION

Methods of habitat evaluation for fishes are many and varied, and 
are usually developed on a local or regional scale (Armantrout 1981). 
Philosophy and economics combined with specific agency needs and 
objectives are the driving forces in selecting respective methodologies; 
but, any method of habitat evaluation must be cost-effective, efficient, 
and reliable. Often, reliability suffers because of the overriding 
influence of the first two factors. Ideally, any approach to habitat 
evaluation must not only be reliable but should be locally, regionally, 
and, ultimately, nationally coordinated to preclude duplication of 

% effort and to prevent conflicting results that present the land manager
with a dilemma in implementating plans. If different results are 
produced, the nagging question arises, "Are the differences due only to 
technique?" On the other hand, similar results arrived at by different
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approaches to habitat evaluation will serve to strengthen and validate 
habitat information for use in both management and planning*

This paper describes a transect method of evaluating microhabitat 
of small stream fishes* It further seeks to answer two questions: "How 
similar are physical habitat estimations and measurements obtained by a 
point method compared to those obtained by a meter transect method?
And, does the method used to locate the fish——direct observation or 
capture by electrofishing— affect the results obtained?" Data are from 
Aravaipa Creek, Arizona, an upper Sonoran Desert stream (elevation 300 
m, modal flow 0.60 m3/sec) in the southwestern United States*

APPROACH AND RATIONALE •
A microhabitat may be interpreted as the point where a fish is 

observed or captured. Because many of the fishes inhabiting 
southwestern streams are diminutive "minnows" (Minckley 1973), it is 
perhaps even more important to quantify and describe microhabitats for 
these species* When defining habitat requirements of fishes, 
terminology such as "nose or snout velocity" have been used to describe 
the precise point or area occupied by an individual fish (Shirvell and 
Dungey 1983). Replicate measurements through time and space of habitat 
use at single points, most commonly designated either by observation or 
capture, are used to define physical habitat preference of species*
Because fishes are mobile, location techniques, whether direct 
observation or capture, conceivably may result in erroneous definition 
of habitat use.

Three common methods of evaluating fish habitats are the reach, 
point, and transect approaches. The reach approach delineates the 
habitat in a short (10-50 m) reach of stream* This approach provides a 
general definition of habitat requirements of respective species within 
an arbitrarily designated area, but may not always be precise enough to 
be usable for management purposes* The point approach is described in 
the preceeding paragraph. Intermediate to a point or stream reach 
approach to habitat evaluation is the transect approach— examination of 
a small microhabitat area (1-2 m2) of stream from which fish ar£ 
captured. Definition of habitat within this area is based on data 
collected at multiple points along a meter transect* This approach, 
used in preliminary work on habitat evaluation of southwestern native 
fishes, is described below*

METHODS
Site Selection and Fish Location* ..............  1 " i M - . .......  «

Two methods of fish location for habitat evaluation also are 
compared here: (1) electrofishing and capture of fishes in a small area 
of stream, and (2) direct underwater observation of fishes* In the *
first, a microhabitat area (Fig. 1) was generally selected by Initial 
capture of a target species, and at least two additional microhabitat 
areas 5 m distant were designated. Thus, each study section had a

122



Figure 1. Stream sketch depicting location of 6 transects, 5 m apart, 
that constitute a study section* Position of habitat sampler (A; 
see Fig. 2) at transect 5 is indicated.

minimum of three transects (Fig. 1). Such a random uniform approach 
provides comparison of habitat where fish were present as well as 
absent. Care was taken to minimize disturbance near and within the 
stream prior to sampling. Fishes were captured by a backpack DC shocker 
and a block seine, encompassing approximately 1 m of stream width. 
Personnel operating the block seine and shocker entered the stream, the 
former slightly in advance of the latter. Immobilized fishes within a 
meter or two upstream from the block seine were washed into the net, 
retained in holding containers, and after processing, returned alive to 
the stream. In the second approach, underwater observations were 
conducted in an upstream direction with the aid of a snorkel and mask. 
Fish positions in a given area of stream were flagged for later habitat 
measurement•
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Figure 2• Habitat sampler composed of 2 laboratory ring stands (A), and 
a 132-cm horizontal rod (B) graduated in 5-cm divisions* A meter 
rule (C) and current meter (D) provide 21 measurements each of 
velocity, depth, and substrate*

Habitat Measurement

Physical habitat (velocity and depth of water, and substrate 
composition) was measured once fish from all sample areas had been 
processed. In the transect method, a habitat sampler (Fig. 2) was used 
to collect data. The apparatus consists of two laboratory ring stands, 
and a 132-cm-long, 1.27-cm-diameter aluminum rod graduated into 5-cm 
divisions (Medina 1984). The sampler was positioned within the area of 
fish capture, approximately perpendicular to streamflow.

Depth of water was measured and substrate class visually estimated 
simultaneously with a 1-m rule. The substrate classes were: (1) sand, 
<2 mm; (2) gravel, 3-16 mm; (3) pebble, 17-64 mm; (4) cobble, 65-256 mm; 
and (5) boulder, 256+ mm. Percentage of substrate in each size class 
and a substrate index (mean of class values) were calculated from 
measurements at 5 cm intervals along the transect. Velocity of water 
(cm/sec) at 5-cm intervals, approximately 5 cm above bottom, was 
measured with a direct-reading current meter. This approach provided 
three sets (velocity, depth, substrate) of 21 data points each for each 
microhabitat area.

For the observational or point method, single velocity and depth 
measurements were taken with a graduated wading rod and direct-reading 
current meter. Substrate was characterized at the point of fish capture 
and at two points 5 cm to the right and left of this point at right 
angles to flow. This method provided an estimate of a primary-secondary 
rank of size class composition.
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RESULTS

Fishes

Data were obtained on five of the seven native fishes in Aravaipa 
Creek: loach minnow, Tiaroga cobitis; spikedace» Meda fulgida; desert 
sucker, Catostomus clarki; longfin dace, Agosia chrysogaster; and 
speckled dace, Rhinichthys osculus. Data were separated for analyses by 
collection method and whether fish were alio- or sympatric. In this 
study the former term means data were from two separated, disjunct 
reaches of stream* The latter group included data collected within the 
same reach of stream*

Time Requirements

The time required to complete a meter transect (i.e*, 21 each 
velocity, substrate, and depth data points) varied with complexity of 
habitat. In shallow, slow water, less time was required to obtain data. 
Based on 27 transects, the mean time required to complete a transect was 
3.8 minutes (range 2.4-5.2 min); however, most (50-75%) of this time is 
consumed by velocity measurement. By comparison, the combined time 
required to get single point measurements of the three physical habitat 
factors averaged less than 60 seconds. The transect approach required 
more time but gave up to 20 times the data points.

Intrasample Variation

The degree of variation in the three physical parameters within a 
microhabitat was determined using seven independent sets of data (not 
those shown in Tables 1 and 2), consisting of three parallel transects 
each positioned within the 1-m2 area (the microhabitat) of stream; the 
seven sets were compared by analysis of variance (depth and velocity) 
and chi-square analysis (substrate). Of the seven sets, three each were 
in higher velocity waters (mean, 58-84 cm/sec) and one set was in a 
lower velocity reach (mean, 33-38 cm/sec). In only one set of 
comparisons of the seven (a higher velocity area) were variations in 
depth and variations in velocity significantly different (F = 4.14 and 
5.74, respectively; DF * 60) among the three transects. Chi-square 
analysis of 35 data sets of substrate types (7 sets x 5 substrate 
classes) indicated that in only five data sets (14%) did substrates vary 
significantly between transects. All these occurred in the swifter 
water sample areas; three were in cobble substrate and one each in 
pebble and gravel types.

Sample Size Requirements

Sample size (n) needed to achieve a precision level of +10% of the mean 
was calculated as:

2

n = 4 s
( o . h O 2
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TABLE 1. Comparison of habitat (as measured by transect method)
occupied by five species of fish in Aravaipa Creek» September 
1983, based on (1) electrofishing and (2) observations. Data 
under A are allopatric; under B sympatric. Underline denotes 
significant difference at the 0.05 confidence level (unpaired 
t-test) between (1) and (2).

Species Substrate Depth Velocity
(size class) (cm) (cm/sec)

index
A B A B A B

Tiaroga cobitis

1 2.06 2.38 11.3 12.0 46.7 43.0
2 2.59 2.59 9.5 9.5 31.0 31.0

Meda fulgida

1 2.02 2.44 11.8 11.6 49.5 42.2
2 2.47 2.47 9.8 9.8 31.0 31.0

Pantosteus clarki

1 2.06 2.43 11.4 12.0 47.2 43.0
2 2.56 2.56 11.2 11.2 33.0 33.0

Agosia chrysogaster

1 2.02 2.54 11.2 12.9 46.8 46.2
2 2.54 2.54 12.0 12.0 33.7 33.7

Rhinichthys osculus

1 2.03 2.5 12.4 13.1 50.3 45.5
2 2.60 2.60 9.6 9.6 35.0 35.0

For 24 samples collected from Aravaipa Creek in April 1984, the sample 
sizes necessary to estimate depths +10% ranged from 2 to 49 (mean = 13.77). 
Estimates of velocity sample sizes from the same data ranged from 3 
to 70 (mean = 26.6). Ten (42%) of the 24 sample size estimates for 
velocity were greater than 21. By comparison, only 4 (15%) of the 24 
depth transects displayed inadequate sample sizes.

Point Versus Transect Data

Velocity, depth, and substrate data estimated by transect and point 
methodologies were compared in August 1983. Transect data included the
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TABLE 2. Comparison of habitat (as measured by transect
method) occupied by three species of fish In a single 
reach In Aravalpa Creek, April 1984, based on 
location by electrofishing (1) and observations (2). 
Underline denotes significant difference at 0.05 
level (unpaired t-test).

Species Substrate Habitat Velocity
depth (cm) (cm/sec)

Tiaroga cobltls

1 2.62 17.5 33.3
2 2.73 17.0 27.6

Pantosteus clarkl

1 2.88 21.1 31.7
2 2.74 23.1 32.0

Agosia chrysogaster

1 2.30 17.8 32.0
2 2.50 16.5 28.1

average for 21 data points along the meter distance described by the 
habitat sampler (Fig. 2). Point data were taken at that point along the 
transect where a fish was captured.

Of 53 paired substrate measurements, 29 sets (55%) of the primary 
(most abundant) substrate types (i.e., sand, gravel, etc.) recorded by 
the two methods were In agreement. An additional 20 (38%) of the paired 
substrates were inverse in agreement (i.e., estimated as primary by the 
point method and secondary by the transect method or vice versa) In 
substrate material or were different in the secondary type. The 
remaining 4 (8%) of paired measurements of substrate were in total 
disagreement.

Comparisons of depth and velocity values at the point along the 
meter transect where fish were located with calculated mean depth and 
velocity for the transect were not significantly different (T = 1.05, DF 
=52) for either parameter. Mean point velocities were only 3.3 cm/sec 
greater (46.1 vs 42.8 cm/sec) than the transect average. Point depth 
estimates were 2.2 mm more (171.9 vs 169.7 mm) than mean depth for the 
meter transect.
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TABLE 3* Comparison of physical habitat (as measured by transect 
method) occupied by five species of fish in a single reach 
of Aravaipa Creek, September 1984 based on electrofishing 
(1) and underwater observation (2), Underline denotes 
significance at 0.05 level (unpaired t-test).

Habitat
Species Substrate depth Velocity

(cm) (cm/sec)

Tiaroga cobitis

1 1.97 30.43 32.09
2 2.47 19.66 36.14

Meda fulgida

1 2.32 23.92 40.61
2 1.93 25.79 18.03

Pantosteus clarki

1 2.04 23.15 28.93
2 2.31 25.09 37.04

Agosia chrysogaster

1 2.23 25.74 38.08
2 2.20 23.40 31.34

Rhinichthys osculus

1 2.18 24.85 34.38
2 2.48 21.20 34.33

Observation Versus Electrofishing

Velocity, depth, and substrate data estimated at observed positions 
of fish differed from data generated by location with electrofishing 
gear (Tables 1-3). Initial comparisons of habitat (Table 1, data set A) 
were between 10 transects in a riffle disjunct (ca. 100 m upstream) from 
16 transects where fishes were observed and their individual positions 
marked. Only depth estimates for the desert sucker, Pantosteus clarki, 
were not significantly different between the two methods. In all other
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cases, estimated velocities and depths based on electrofishing were 
greater; substrate indexes were smaller. By comparison, estimated 
habitat of the five transects that were electrofished within the 
upstream observational reach (Table 1, data set B) were more in 
agreement with habitat estimated by observation. Nevertheless, values 
were significantly different in half of the comparisons of the three 
habitat factors. All estimated velocities and three of five depth 
estimates, were significantly different; however, substrate indexes were 
not statistically different. Similar analyses of data collected in 

• spring and summer 1984 in two larger, more uniform riffles in Aravaipa
Creek again indicated generally significant differences in habitat 
factors as defined by the two locational methods (Tables 2, 3).

DISCUSSION

Fishes are variously mobile, and it is unrealistic to assume that 
the point location where a fish is electronarcotized or observed is 
always its ultimate or preferred habitat in terms of velocity, depth, 
and substrate. Granted, through replication of point data for a 
species, a preferred or typical habitat, theoretically, can be 
delineated. The meter transect approach utilized in this study 
attempted to sample and characterize a small (1-2 m2) area of stream 
wherein an individual captured fish presumably lived and moved. 
Comparison of multiple transects within a 1-m2 sample area suggested 
that a single transect is accurately describing the habitat within that 
area.

Sample size (21) produced by the transect method appears to be 
adequate for defining variation in depth data. Greater variation in 
velocity readings suggested an average of 27 velocity data points in the 
1-m2 area were necessary to attain a ♦ 10% confidence level. The 
direct-reading current meter employed in this work was very sensitive 
and therefore fluctuated widely in response to non-laminar flow. Often, 
velocity values recorded in highly turbulent water were an estimated 
midpoint of fluctuations of the current meter indicator dial. Variation 
in the 21 velocity estimates along a meter transect rendered differences 
between the transect mean and a single velocity measurement 
statistically insignificant. Most likely, a single measurement of 
velocity is much less reliable than 21, but both may possibly be 
inadequate estimates of velocity occupied by a small fish (<100 mm) 
because of both the dynamic, turbulent flow that often occurs in streams 
and the response of a fish to these changes.

The better method of determining fish location— electrofishing or 
f observation— was not unequivocably established. Initial observational

data (Table 1, 2A) suggested stream margin areas with lower velocity and 
less depth, were more commonly occupied by fishes in Aravaipa Creek. 
Electrofishing immobilized fish in the narrow, 2 m wide riffle that was 

f deeper and swifter in the center. If specimens had not been previously
observed in the margins of the stream, they would have been assumed to 
be occupying the deeper, swifter area in which they were captured in the 
block net and where habitat was subsequently measured. Although
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substrate was not significantly different between marginal and midstream 
transect measurements, mean depth and velocity were consistently (and 
frequently significantly) greater in midstream. Similar comparisons of 
observation versus electrofishing in spring and summer 1984 made in 
broader (4-5 m), relatively uniform riffles were again significantly 
different in 7 of 9 cases (Tables 2, 3). These data suggest method of 
location may be influencing the description of physical habitat of these 
fishes. The mechanism for this is not offered at this time.

Based on comparisons of depth estimates produced by the two methods *
of physical habitat evaluation, and agreement of a single point depth 
versus the transect mean depth, a single depth measurement at first 
would appear to be adequate to define a fish's preference for depth.
However, sample size needed (14 data points) in the transect method to 
achieve a precision of +10% of the mean suggested that a single 
measurement is unlikely to give a reliable estimate of depth. Mean 
transect velocity was not significantly different from point velocity 
because of the great variation in this statistic. Based on underwater 
observations of fish behavior, a single measurement is unlikely to give 
a reliable estimate of a fish's preferred or optimum velocity. For 
statistical comparison, multiple estimates of depth and velocity in a 
given area of fish capture or encompassing a point marked by observation 
provide a larger sample size and presumably greater reliability.
Personal preference, manpower and funding will dictate whether the point 
or transect method or electrofishing versus underwater observation will 
be utilized.

The data do not unequivocably suggest one method to be superior to 
the other; however, for reasons discussed below, I suggest that capture 
by electrofishing and habitat description by the transect approach are 
more reliable, both biologically and statistically. Estimates of 
substrate composition by the point and transect methods were in harmony 
only half the time. Of those cases (37%) wherein the secondary type of 
method was the primary of the other, the two were frequently reversed 
apparently because of too few (3 versus 21) data points and the 
qualitative, subjective nature of the point approach. Further, the 
transect method removes subjectivity of classification by producing data 
on percentages of substrate types and an index (mean of substrate types) 
of the area.

Capture by electrofishing has advantages. Electrofishing a small 
(1-m2) area of stream has a greater potential to obtain data on more 
than one species of fish and, in addition, data on a number of 
individuals of each species than does underwater observation. Capture 
also gives opportunity to obtain size, sex, and perhaps species (in case 5
of fry) data that, although possibly obtainable by observation, are 
certainly less reliable. Sampling a small area of stream is especially 
desirable if a schooling species is encountered. Further, if fish 
populations are high and one's objective is to get point locational 1
data, selection of an individual point becomes arbitrary at best.
Another advantage of electrofishing is the ability to obtain fish 
location data in turbid water— an impossible or certainly less reliable
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task using observation (Northcote and Wilke 1963). Also, capturing many 
individuals of a species in a small microhabitat gives more reliability 
to that area being defined as optimum habitat. In addition, the random 
uniform sampling approach provides presence-absence habitat data for 
comparison; the point method does not.

Further examination of the influence of electrofishing on fish 
location in different habitat types (pools and riffles) as opposed to 
location by observation is needed. Species specific behavior response 
to the two locational methods, and general habitat type (i.e., upper 
elevation, clear montane versus low elevation, turbid streams) have to 
be considered before selecting either method. Turner and Tafonelli 
(1983) suggested that the fishes in Aravaipa Creek may respond 
differently to electrofishing. Based on underwater and general 
observations in this stream, I agree with their conclusions as to the 
efficiency of collecting the respective species by electrofishing.
Others (Goldstein 1978; Orth et al. 1981; Fred Everest, pers. comm.) 
have demonstrated that approach and gear can affect fish population and 
habitat estimates. Indeed, fish location techniques may induce as much 
or more error into estimates of habitat use than do the differences in 
habitat evaluation methodologies.
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PART II: METHODOLOGY SUMMARY FORMS

/ = wo

The Methodology Summary Forms that follow represent an attempt to 
encapsulate many of the methods that are and could be used to 
establish appropriate instream flows. They are all limited to 1 
page in length, and have the following headings:
Methodology: The name of the author, the species, the formal

name of the method, and any other name by which it is known.
Type of Method: Either empirical or conceptual, depending on

whether the model was derived by fitting a regression (or 
some other fitting technique) to data to determine the form 
of the model, or alternatively, forming the model 
conceptually; biologically weighted or not depending on 
whether the raw data were transformed to some measure of 
biological suitability prior to incorporation in the model; 
basin variables are those specific to the basin in which the 
stream lies, such as drainage area, rather than to the stream 
itself; discharge variables are various measures of the 
amount of flow; hydraulic variables are the variables 
normally present or derived in hydraulic simulation models 
and include such things as depth, velocity, and wetted 
perimeter; structural variables are those that are important 
biologically because of their size or placement, such as % 

tj undercut banks; biological variables, of which there are very
few, are things such as number of fish species in the 

H  drainage; and other physical/chemical variables are factors
like pH, temperature, and annual rainfall. A complete list 
is found in Chapter 2.

Equation: Most of the methods can be reduced to an equation and
this is presented along with a list of the variables in the 
equation.

Correlation Coefficient: The empirical models invariably have a
correlation coefficient associated with them as a byproduct 
of their construction. Many of the other methods have been 
tested, and if they predict a measurable variable, the 
correlation between the value of the measured variable and 
the predicted value is shown. If they predict an index, any 
correlation between the index and a measurable value, 
presumably related to the index is shown. In most cases, the 
coefficient of determination (the correlation coefficient 
squared) is shown, since it is numerically equivalent to the 
percent of the variability in the modelled quantity explained 
by the model. For one-variable models, r or r2 is used. For 
multivariate models, R or R2 is used.

Source Documentation: The most recent or complete document
describing the model is cited.

Objective: The intent of the authors of the method (to the
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extent it is apparent) is summarized.
Level of Efforts The amount of effort that must be expended to 

use the method (low, moderate or high), with a brief 
description of why.

Model Developments A summary of the reasoning and strategy used 
by the authors to create the model.

Basic Assumptionss If there are some otherwise unobvious 
assumptions incorporated into the model, they are reported 
under this heading. In most cases, the assumptions are 
evident and are briefly restated.

Limitations and Constraintss Deficiencies are noted here.
Relationship to Other Methodss A few of the most closely related 

methods are cited under this heading.
Quality of the Documentation: This heading provided us the

opportunity to comment (usually obliquely) on whether it was 
worth the trouble to look up the source document, and also 
generally to point out the kinds of things it would be useful 
to have in model documentation.

Experimental Tests of the Methods: If we found any papers that
attempted to test or validate the method, they are cited 
here, sometimes along with the results of the test if it 
could be summarized.

Published Enhancements to the Method: When we began, we thought
that many of the methods might have been improved by
subsequent authors, and we would cite them here. Usually, 
such was not the case.

Critical Review of the Method: We usually only cited papers
under this heading if they involved a specific and fairly 
intensive critical review, not simply mentioned the method in 
passing.

Published Comparisons With Other Methods: This heading is
reserved for papers which applied the method along with 
others to the same stream, to find out how the results
compared.

Critical Opinion: This is our opinion of the utility and general 
quality of the model.

The order of the Methodology Summary Forms that follow is by
author's name to facilitate location. Most of the methods
presented have variables that are directly or indirectly related 
to discharge, so that the model could be used as an instream flow 
model. A few, however, do not, and are incorporated because 
either they are part of a series, most of the others of which do

EA Engineering, Science, & Technology, Inc. 04/15/85 Draft



have flow terms, or because they are predictive of standing crop, 
even though they contain no flow terms.
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Chapter 8 : Conclusions Page 8-1

CHAPTER 8: CONCLUSIONS

The earliest and simplest instream flow methods are based on the 
premise that below identifiable flow thresholds, physical habitat 
becomes limiting to fish and other stream and riparian biota.
These methods characteristically use physical features of the 
drainage basin or some measure of historical unregulated flow to 
establish the threshold, and usually carry the recommendation 
that flows be maintained above the threshold.

More recently, focus has shifted to the physical and hydraulic 
characteristics of the affected stream reach, and the idea of an 
instream flow threshold has been replaced with the idea of a 
continuous functional relationship between flow and habitat 
quality— with the implication that unless there is some other 
limiting factor such as food availability, fish and other biota 
are continuously limited by physical habitat. In the most widely 
used of these methods, fish habitat has been characterized by a ^
small subset of the habitat features Jcnown_to__
population size. Other models exist which are intended to 
Tnclude all of the habitat features thought to influence the 
wellbeing of fish, but little effort has been made to establish 
functional relationships between the output of these models 
(which in some cases is standing crop) and flow.

It is obvious that physical habitat can be limiting to fish 
populations, and that most, if not all, of the commonly used 
variables can contribute to that limitation. As flows decrease, 
in the absence of pools the water will at some point become too 
shallow for fish; as flows increase, velocities in parts of the 
water column may become too high for fish. Availability of 
spawning gravel of the correct size can limit reproduction; cover 
in many forms certainly influences the way fish distribute 
themselves in streams; temperature is definitely limiting at
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Chapter 8: Conclusions Page 8-2

upper and lower critical levels. These and other physical 
variables are influenced by flow, so that it is feasible to 
combine them in some way and display the result as a function of 
flow, as most of the newer instream flow methods do. Such a plot 
illustrates the incremental effects on habitat of altering 
instream flow, and carries with it the implication that as 
habitat quality increases, carrying capacity will also increase, 
and ideally, so will the biological populations occupying the 
habitat. The question of appropriate flows then becomes one of 
how much, if any, decrease in habitat from the maximum/obtainable 
is acceptable. ¿r'fasfoneJl

Are the functional relationships between habitat quality and 
instream flow that are the output of current models accurate 
depictions of reality? Is it true that carrying capacity and 
populations will decrease if the habitat described by these 
models is reduced from maximum, or from the existing levels? The 
only published test of the effects of diminishing flow and 

;yyV't' habitat in experimental channels (Riromer 1985) does not support 
s/-. that contention, and the little evidence that does comes mostly 

from descriptive correlations between habitat and standing crop 
in unregulated streams, rather than in regulated or diverted 
ones. For example, the adult Weighted Usable Area index 
calculated by the FWS PHABS1M model at yearly low natural stream 
flows has been shown to be significantly correlated with brown 
trout biomass in several studies, but no form of this index has 
produced convincing correlations for other salmonids, or any 
other fish species except adult rock bass, and the correlations 
are not always significant for brown trout. Nor has the index 
been tested for its predictiveness. There has been only one
model that has been shown to predict standing crop of trout 
(Binns and Eiserman 1979). All of the many FWS fish habitat 
suitability index methods that have been tested have produced 
either very poor, or unconvincing, correlations with standing 
crop.
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If the state of the art is to be advanced and the legitimacy of 
this type of modeling established, there is a major need for 
studies that specifically examine the effects of stream 
regulation and diversion, and for modeling efforts that go 
through the proper cycle of development, experimental testing, 
and revision until the resulting models are both descriptive and 
predictive.

To- be predictive, the models must use measurable response 
variables. It would be very useful to future modeling efforts if 
enough were known about how physical factors influence fish 
populations to permit the construction of mechanistic models. 
The extremely poor predictiveness of the moderately mechanistic 
FWS HSI models, however, is not encouraging. It is more likely 
that successful models will be based on descriptive field 
observations, such as the behavioral ones used in the IFIM 
models, and on regression and other statistical techniques using 
field data.

I
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CHAPTER 9: RECOMMENDATIONS FOR FUTURE RESEARCH

Future research into instream flow methods and into the question 
of appropriate instream flows, falls naturally into five areas:

1. Research intended to improve and refine existing methods

2. Research designed to test the validity of existing 
methods

3 . Research intended to develop and test the validity of new 
methods

4. Research to evaluate the effects of flow alteration 
directly

5. Research into techniques for maintaining or improving 
biological productivity and integrity concomitant with 
flow diversion and regulation

The purpose of this chapter is to characterize each of these 
areas and to suggest lines of inquiry within each area that are 
needed and would be productive. All five areas are important and 
we feel that none should be neglected in future research 
activity.

RESEARCH INTENDED TO IMPROVE AND 
REFINE EXISTING METHODS

All of the existing instream flow and habitat quality methods 
presently in use have clear limitations and would benefit from 
refinement. Since these methods will continue to be the basis 
for instream flow requirements in hydroelectric project licenses 
until better methods are developed, it is important to identify 
and document the shortcomings and to develop refinements that 
decrease the chances of misapplication and increase confidence
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and usefulness. These refinements are not necessarily the best 
long-term solutions, hut could he quite valuable In the short

ittfP ■M

Development and Documentation of Techniques for Determining the
Htsto • 1 KReSUlt iD ‘‘al°tenance °f 411 or SO"® Percentage of
^  tit M r  Bather the of PotentialHabitat Most current interpretation of PHABSIM output is based
unrealistically, on curves of habitat versus discharge,
consideration of the amount and timing of habitat a va l t i n

" h n L T r  t8" 6“ - The aVaUablllty -  documented
PU lnstream fl°* recommendations into historical 

encourage users to ppropnateness of recommendations.

’• Elamlnati°° °f the ^ u n t  and Causes of Site-Specific Varlabllitv 
in Suitability Index Curves There is a large Lount ol dlta j “ t 
coming available that shows significant differences in the 

shape and position of SI curves for the same species

presence^of p T * “06 imPll°at9S b°dy differences and
variables , , !  SPS01eS ”ost str°”8ly. other candidate

ables include the possibility that velocity and depth

e7 t T l r t T  T  “ d **>« P ^ - c I  u ' 3ted more to relative velocity than to absolJiT velocity
This project would collect curve* velocity.

Possible to establish the range of exllti“  Z
preUsenetlyShsUld- ‘nCl“de tbe FWS I°«ream Flow Group, which is 

y erving as a repository for SI curves, and other

product8 : r  TuTthat haVe deVel0ped tbeir ° ™  curves. The P this first phase would be a collection of species
curves collected to date and providing an indication of
and between-species variation. A second phase of the
should be the experimental determination of the s o u r c e s T ' t h e
variation in curve shape for a few selected see • 
phase would r „ i e  I selected species. This second

uld rule out experimental bias or differences in
technical approach among sources of the srs sources ot the SI curves as the cause of
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differences in shape, and would provide a basis for curve 
selection in any given instance.

c  Research and Development into the Need and Potential for 
Producing SI Curves that Reflect Preference from Data on Habitat 
Utilization There is a current vogue for "correcting" utilization 
curves for preference, but the results of such corrections are 
frequently non-intuitive and in some cases quite unrealistic. It 
is not clear that such corrections are either desirable or 
feasible, and it would be valuable to explore the topic
thoroughly. One approach might be to use available techniques to 
make the corrections and then experimentally alter the habitat to 
see if utilization follows predicted preference.

Research into the Use of Bivariate and Multivariate Suitability 
Indices Initial steps have been taken in the direction of
developing bivariate suitability indices for the HABTAT model, 
but FWS has stopped supporting such studies. Since the 
biological responses to variables such as depth and velocity are 
not likely to be independent, there is reason to continue work to 
determine if bivariate and multivariate input variables would 
improve model performance.

^ Examination of Site-Specific Variation in the Relationships 
Between Absolute Weighted Usable Area and Characteristic Standing 
Crop in Unregulated Streams Instream flow decisions are often 
based on relative WUA, choosing the maximum WUA possible or some 
percentage of it. The possibility exists that maximum natural 
fish populations are characteristically obtained in unregulated 
streams with values of absolute WUA much less than the maximum 
possible. This situation would occur if, as WUA increased, 
habitat no longer was limiting and some other variable, such as 
food availability, became limiting. If this were the case, 
specific levels of absolute WUA could become instream flow 
criteria, and would result in lower recommended flows than those 
based on maximum relative WUA. This possibility could be
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explored by compiling and analyzing data on absolute WUA and fish 
population size from existing instream flow studies.

Development and Documentation of Techniques for Using the HABTAT 
llodel in Situations Where the Hydraulic Simulation Models Do Not 
Work There are many instances in current IFIM applications in 
which habitats which do not model well hydraulically are ignored. 
These habitats include cascades and rocky runs, and sometimes 
constitute much of the habitat in a stream. Furthermore, these 
habitat types may have very different relationships to flow from 
the more easily modeled habitats. There have been some direct 
applications of the HABTAT model to measured hydraulic data, but 
none that compare them with the results from the same stream 
using hydraulic simulation, or which evaluate the consequences to 
the overall recommendation of failing to include portions of a 
stream which do not model well.

a. Characterization of Regional Differences in Discharge and Basin 
Characteristics Tennant's suggestion (1975) that minimum flows 
equivalent to thirty percent of the average annual flow, and 
Larsen's policy (1980) of linking minimum flows to the drainage 
basin area are examples of instream flow policy based on regional 
stream flow characteristics. Application of these criteria 
outside of their location of origin are likely to be 
inappropriate, but there are no studies showing the ways in which 
criteria of this sort should change from region to region. This 
.research would compile basin size, flow duration, and other 
iinformation from streams throughout the United States and 
illustrate the regional variations that result from applying 
¡various types of minimum flow logic. The product would be a 
translation of a number of simple instream flow criteria from 
their regions of origin to the rest of the United States. It 
would serve as a benchmark to evaluate the reasonableness of 
local recommendations.
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r e s e a r c h to t e s t t he v a l i d i t y
OF EXISTING METHODS

Instream flow methods are Intended either to be used directly to 
recommend H o w s  that will protect the environment or to produce a 
functional relationship between some aspect of environments^ 
quality and flow. Id most cases, the methods have been developed 
conceptually and the accuracy of the methods in achieving their 
desired result has not been adequately tested. The research 
suggested here is Intended to address some of the most important 
questions of model validity. These fall Into two categories! 
internal validity of models-the correctness of underlying 
assumptions; and external validity-the accuracy with which mode 
response variables correspond to or predict environments

responses.

Research to Establish Criteria for Instream Flow Model 
Performance One of the principal difficulties facing critics of 
existing models is the absence of accepted criteria for model 
performance. Instream flow and habitat quality models have 
proliferated and have been applied with little evidence of their 
accuracy or regional applicability. This project would develop a 
set of standards against which models should be tested before 
being applied in regulatory decision making. The purpose of the 
research would be to define criteria Intended to induce model 
developers and users to go through the proper stages of testing 
and validation prior to implementation.

k Examination of the Assumption Underlying the PHABSIM Model that 
Large Amounts of Marginal Habitat are Biologically Equivalent to 
Small Amounts of Excellent Habitat When Depth, Velocity, and 
Substrate Type are the Variables This study addresses the 
central dogma underlying the Weighted Usable Area concept, 
could be approached either by identifying naturally occurring 
examples of both types of habitat and measuring standing crop, or 
by setting up experimental areas approaching the extremes of the
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two habitat types and measuring carrvina
relative to 8 °arrying capacity or production
elative to surface area. if this concept is invalid, the HABTAT 

model is also inherently invalid vet th. , *
tested directly. 7 * °°nCept has not bee"

Refleeth Chan0616™ 1"6 ^  Bl°logical Espouses to Flow Alteration Reflect Changes in Habitat Described by Instream Fi„. Uodels 
Most studies testing the validitv • * Models
been dono • y °f lnstream flow methods have

interest 7 s t T n 7  meaSUre"6nt oi theinterest (standing crop, riparian strip width ,
output of an instrean, flow model. There are three t *
experimental protocol- „• three types of

oi wmcb isp;::::::d „ / :zz:parauei st—  °°e
strea. as its own temporal c o n t r a - m e a l i n g  « f f L l T ^

and s t d t s ^ n T :  X Z Z  1 7 ° ™  ^  ™  «>“ « -g a stream as its own spatial control mo bioloeiral m -a i * control, measuring
^"diversions. • * " "  a"d bel°* ‘« » . e n t s  and

' -oedSeirCOutpntDeI r B nei#hiCb COrrelatl°"s Appropriate Between
Streams Th‘s is T 7 T  ~
protocol, and differs f L m eitabyVnotaPPr°aCh ^  - -  previous

vaiidatioD - :::
habitat quality information at a s e r i e s ^  lnf0rmatlon and
than using instantano k ocations. But rather6 instantaneous habitat values nthon
habitat values would be explored An * t "^sures of
the work of Loar et al (i9 8 5) •' n- Xa”P ® °f thls aPP<-»ach is
of WOA was more strongly corr-^ied" 7 7 ^ 7 7 7 ^  ^
the instantanemi« w h a standing crop thancantaneous WUA measured at the timP fioh
More exploratory work in thi« h - W6re samPled-y work in this direction should Include other
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habitat statistics (such as maximum annual WUA, mean annual WUA) 
as well as retrospective generation of habitat response variables 
into the past to look ior some means ol Integrating 
biological effects of temporal variation in model response 
variables. This sort of study is best done on data from a 
specific region, and could be carried out independently on 
existing data from several different areas of the United States.

RESEARCH TO DEVELOP NEW 
INSTREAM FLOW METHODOLOGIES

The goal of instream flow methods should be the ability to 
predict the effects of a particular stream flow regime on 
biological response. The existing methods are all deficient in 
this respect. The PHABSIM models include too few variables to be 
predictive (although changes in WUA may, in fact, result in 
changes in standing crop). The most predictive model (Binns and 
Eiserman 1979) is completely descriptive and empirically derived, 
but is non-mechanistic and therefore non-transferable
geographically. The FWS HSI models are completely mechanistic, 
but their output is not correlated with standing crop. In none 
of these models has the development proceeded through the logical 
cycle of developing mechanistic hypotheses, constructing a 
mathematical model based on the hypotheses, testing the model^ 
with field data, then going back and refining the mechanistic' 
hypotheses to begin another cycle. This section suggests several 
approaches to instream flow model construction, each of which is 
likely to improve model performance over existing levels.

Research to Make Maximum Use of Modeling Techniques Used in Other 
Branches of Ecology Most instream flow modeling is restricted to 
concepts that have evolved in fisheries biology, and there has 
been only the beginning of an effort to include modeling 
techniques such as discriminant, principal component, and cluster 
analysis. There has also been no incorporation of concepts such 
as habitat structural complexity, which has proved useful in
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avian ecological modeling, or of concepts such as species 
diversity and richness. This project would identify the entire 
range of techniques that have been successful or useful in other 
ecological arenas, and would develop suggestions for the 
application of the most promising ones.

Development of New Regression Models Using a Combination of FWS, 
HSI< and Binns and Eiserman's Approach This effort could be done 
independently in several different regional locations and would 
consist of attempting to duplicate the success of Binns and 
Eiserman's (1979) regression model, using site-specific 
suitability index transformations and other more sophisticated 
techniques. These might include the use of response 
variables of established techniques such as WUA,^wWCR, and other 
habitat quality indices. When habitat quality indices such as 
these have failed to be descriptive of standing crop, the lack of 
strong correlation may be due, not to anything wrong with the 
index, but to the presence of other variables that also influence 
standing crop. The overall goal is to develop models that are 
predictive of standing crop and to put instream flow and physical 
habitat into the proper perspective along with temperature, water 
quality, trophic structure, and other biologically important 
variables.

Determination of Limiting Factors for Use in Mechanistic Models 
It is quite clear from the literature that many more 
environmental variables can be limiting to fish populations than 
are accounted for in most instream flow models, and that many of 
them are not strongly related to flow. If variables other than 
flow-related ones are limiting, alterations of flow will have no 
effect on standing crop. It is important to instream flow 
modeling, therefore, to determine under what conditions flow- 
related variables are limiting. Put another way, it is likely 
that over a wide range of depth and velocity, something else, 
such as food availability or cover, is limiting, and these may be 
essentially unrelated to flow. The purpose of this research is
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to determine at what flows flow-related variables become 
limiting. Various techniques are possible. If an experimental 
situation can be found where fish have the ability to emigrate if 
conditions become unacceptable, then behavioral responses may be 
effective indices of habitat quality. Another approach may be to 
examine population density in various equal-flow reaches of a 
structurally inhomogeneous stream.

DIRECT EVALUATION OF 
FLOW ALTERATION

The central question in instream flow studies is whether flow 
regulation or reduction have any effect on stream and riparian 
biota. This line of research is intended to document the effects 
of hydroelectric water use directly.

Documentation of the Effects of Existing Diversions The best way 
to document the effects of diversions, flow regulation, or 
pulsatile flows is to determine if adverse effects have occurred 
on existing projects. The most effective study would survey
populations of interest in large numbers of affected stream 
reaches and compare them with suitable controls. Five classes of 
controls exist: above diversions on the same stream, prior to
diversions on the same stream, prior to changes in the amount of 
diversion in the same reach; matched unregulated streams; and 
expectations based on regional surveys. The suitability of each 
type of control is probably site-specific. This research would 
be very valuable not only in answering the question of whether 
adverse effects occur, but in providing evidence of the magnitude
of the effect •

Experimental Manipulation of Existing Diversions An alternative 
approach is a long-term study in which streams are held at 
various levels of diversion or exposed to various periods and 
types of flow fluctuation for several generations of the target 
organism. This approach allows each study reach to serve as its
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own control. While this seems to be the most straightforward 
approach, the potential for uncontrollable stream alterations 
resulting from year—to—year climatic variability are substantial.

RESEARCH TO IDENTIFY MITIGATIONS

Assuming that diversions, regulation, or pulsatile flows do cause 
adverse effects, is it possible that there are mitigations that 
can completely offset them? This line of research is intended to 
identify potential mitigations and test them.

0

\
ifM/1

Research to Evaluate Effects of Habitat Manipulation on Instream 
Flow Model Output Improvement of physical and hydraulic 
microhabitat may be the least expensive and most effective way to 
offset habitat degradation from fluctuating and diverted flows, 
and it may allow much larger diversions and fluctuations than 
would otherwise to acceptable. Much work has been done in this 
field in the last five years, but there are no current synopses 
or critical reviews to guide users that may want to pursue stream 
habitat modification as an option. In evaluating the potential 
effects of stream improvements or possible instream flow 
requirements, it would be useful to have descriptions of the 
general effects on instream flow models that can be anticipated 
from various types of habitat improvements, and none presently 
exist. This research should begin with a review of the 
literature on the effects of natural structural microhabitat 
features and the associated hydraulic characteristics on stream 
fish and benthos populations, and include reviews both of 
observations in natural streams and of the theoretical basis for 
these effects based on the literature on experimental 
(laboratory-type) manipulation of habitat structure and 
hydraulics. The analysis should be accompanied by modeling of 
the effects on habitat (as measured by standard instream flow 
modifications).
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Direct Manipulation of Habitat and Observation of Effects 
Streams with populations evidently degraded by decreased flows 
should be subjected to experimental habitat manipulation to 
attempt to bring populations back up to target levels. A variety 
of techniques should be used to determine the best and most cost- 
effective methods. The techniques would include modifying 
pool/riffle ratios, increasing or decreasing cover, increasing 
structural complexity, and influencing autochthonous food 
production or allochthonous food input.
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LIST OF REFERENCES USED IN EVALUATING INSTREAM FLOW 
METHODOLOGIES IN THE UNITED STATES

Aceituno, M.E., G.E. Smith, G. Ging, and D.M. Ward. 1985. 
Habitat Preference Criteria for Eastern Sierra Nevada Streams: 
Family Salmonidae. US Dep. Interior, Bureau of Land Management, 
Sacramento, CA.

Adams, J.N. and R.L. Beschta. 1980. Gravel bed composition in 
Oregon coastal streams. Can. J. Fish. Aquat. Sci. 37:1514-1521.

Measured temporal and spatial variability in gravel 
composition and examined factors affecting the amount and 
distribution of fine sediments; examined relationships to 
in-channel,•watershed land-use, and watershed geomorphology 
variables.

Ahlgren, C.E., and H.L. Hansen. 1957. Some effects of temporary 
flooding on coniferous trees. Jour. For. 55:647-650.
Alexander, G.R. and E.A. Hansen. 1983. Sand sediment in a 
Michigan trout stream. Part II: effects of reducing sand
bedload on a trout population. N. Am. J. Fish. Mgmt. 3:365-372.

Reports population increases of brown and ainbow trout 
after reduction of sand bedload. Showed improved survival 
but not improved growth of young trout.

Allen, K.R. 1969. Limitations on production in salmonid 
populations in streams. IN Symp. on Salmon and Trout in Streams 
(T.G. Northcote, ed.) pp. 3-18. H. R. MacMillan Lectures in 
Fisheries, Univ. British Columbia, Vancouver.

Reviews factors and mechanisms; found density and physical 
environmental conditions controlling.

Allen, J.D. 1981. Determinants of diet of brook trout (S. 
fontinalis) in a mountain stream. Can. J. Fish. Aq. Sci. 38:184- 
192.

Studies feeding rates, time of day, and prey choice over 
summer; found abundance and size of prey primary 
determinants, modified by individual specialization.

Allendorf, F.W. and S.R. Phelps. 1980. Loss of genetic variation 
in a hatchery stock of cutthroat trout. Trans. Am. Fish. Soc. 
109:537-543.
Alley, D. W., Jr. and H.W. Li. Unpublished. Microhabitat 
segregation and seasonal movements by fishes in a Sierra foothill 
stream. Unpublished ms. (1979). Univ. Calif., Davis. 41 pp.

Examines physical and biological factors affecting spatial
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distribution of seven native species in normal and drought 
years; describes diel and seasonal patterns of use; notes 
apparent lack of interspecies competition for space.

Andrews, W.H. and G.E. Madsen. 1976. Assessment of recreation 
and aesthetic instream flow methodologies. IN Proc. Symp. and 
Specialty Conf. on Instream Flow Needs (J.F. Orsborn and C.H. 
Allman, eds.), Vol. I, pp. 364—378. Am. Fish. Soc., Bethesda, 
MD.
Andrews, W.H., M.B. Masteller, D.E. Massey, R.J. Biurdge, and 
G.E. Madsen. 1976. Measuring the impact of changing streamflow 
on recreation activity. IN Methodol. for the Determ, of Stream 
Resource Flow Requirements: An Assessment (C.B. Stalnaker and 
J.L. Arnette, eds.), pp.148-166. Rep. FWS/0BS-76/03. Ogden, UT.
Annear, T.C. and A.C. Conder. 0. Relative bias of several 
fisheries instream flow methods. N. Am. J. Fish. Management (in 
press).
Applied Research and Analysis, Inc. (ARA). 1982. User's Guide 
for the Interactive USAE/LMVD Habitat Evaluation Computer 
Software System. Prepared for US Army Corps of Engineers, Lower 
Mississippi Valley Division, Vicksburg, MI.
Armantrout, N.B. (ed.). 1981. Proc. Symp. Acquisition and 
Utilization of Aquatic Habitat Inventory Information. American 
Fisheries Society, Bethesda, MD.
Armour, C.L., R.J. Fisher, and J.W. Terrell. 1984. Comparison 
of the Use of the Habitat Evaluation Procedures (HEP) and the 
Instream Flow Incremental Methodology (IFIM) in Aquatic Analyses. 
Rep.FWS/OBS-84/11. U.S. Fish Wildl. Serv. 30 pp.
Bachman, R.A. 1984. Foraging behavior of free-ranging wild and 
hatchery brown trout in a stream. Trans. Am. Fish. Soc. 113:1- 
32.

Observed undisturbed wild fish for three years; described 
foraging, home ranges, social hierarchy, use of cover, 
growth patterns; compares energy efficiency of wild and 
introduced hatchery fish and postulates a mechanism for 
lower survival of hatchery fish.

Bain, M.B., J.T. Finn, L.J. Gerardi, Jr., M.R. Ross, and W.P. 
Saunders, Jr. 1982. An evaluation of methodologies for 
assessing the effects of flow fluctuations on stream fish. Final 
Tech. Report D0E/001-FWS-20733-1. U.S. Dep. Interior, Fish 
Wildl. Serv.
Bain, M.B. and J.T. Finn. Unpublished. Fish community structure 
in rivers with natural and modified daily flow regimes. Unpub. 
ms., Dep. Forestry Wildl. Mgmt., Univ. Mass., Amherst.
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Baldes, R.J. and R.E. Vincent. 1969. Physical parameters of 
microhabitats occupied by brown trout in an experimental flume. 
Trans. Am. Fish. Soc. 98:230-238.

Location and orientation observed for varied water depth 
and velocity. Relates resting microhabitat preference to 
velocity, turbulence, light, depth, spatial limits, cover.

Baldridge, J.E. and D. Amos. 1981. A technique for determining 
fish habitat suitability criteria: a comparison between habitat 
utilization and availability. IN Proc. Symp. Acquisition and 
Utilization of Aquatic Habitat Inventory Information (N.B. 
Armantrout, ed.), pp. 251—258. American Fisheries Society, 
Bethesda, MD.
Bartschi, D.K. 1976. A habitat-discharge method of determining 
instream flows for aquatic habitat. In Proc. Symp. and Specialty 
Conf. on Instream Flow needs (J.F. Orsborn and C. H. Allman, 
eds.), Vol. II, sp. 285-294. Am. Fish. Soc., Bethesda, MD.
Bayha, K.D. 1976. Instream flows— the big picture. IN Proc. 
Symp and Specialty Conf. on Instream Flow Needs (J.F. Orsborn 
and C.H. Allman, eds.), Vol. 1, pp. 95-131. Am. Fish. Soc., 
Bethesda, MD.
Bayha, K.D. 1978. Instream Flow Methodologies for Regional and 
National Assessments: A State-of-the-Art Review. Rep. FWS/OBS- 
78/61. U.S. Dep. Interior, Cooperative Instream Flow Service 
Group, Ft. Collins, CO.
Bayha, K.D. 1980. Instream Flow Studies and the Instream Flow 
Incremental Methodology in Water Resources Planning. Instream 
Flow Information Paper 13. USDI Fish. Wildl. Serv.,Instream Flow 
Group, Fort Collins, CO. 44 pp. + attachment.
Becker, C.D., D.A. Neitzel, and D.H. Fickeisen. 1982. Effects 
of dewatering on Chinook salmon redds: tolerance of four
developmental phases to daily dewaterings. Trans. Am. Fish. Soc. 
111:624-637.

Examines survival and growth of four early stages with 
daily 1- to 22-hour dewaterings. Insolation and air 
temperature affected results in early fall,

Becker, C.D., D.A. Neitzel, and C.S. Abernethy. 1983. Effects 
of dewatering on Chinook salmon redds: tolerance of four
development phases to one-time dewatering. N. Am. J. Fish. Mgmt. 
3:373-382.

Compares tolerances of four intergravel stages (cleavage egg 
to pre-emergent alevin) to one-time dewaterings of up to 12 
days. Differences in hardihood are related to morphology.

Beland, K.F., R.M. Jordan, and A.L. Meister. 1982. Water depth
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and velocity preferences of spawning Atlantic salmon in Maine 
rivers. N. Am. J. Fish. Mgmt. 2:11-13.

Measured water depth and velocity (and temperature and day 
length) at active redds in four rivers; compares results 
with data from other studies.

Beschta, R.L., M.A. Shirazi, and W.K. Seim. 1982. Comment, 
reply on 'Stream system evaluation with emphasis on spawning 
habitat for sallmonids.' Water Resour. Res. 18(4):1292-1295.
Beyerle, G.B. and E.L. Cooper. 1960. Growth of brown trout in
selected Pennsylvania streams. Trans. Am. Fish. Soc. 89:255-262
Bickerstaff, W.B., C.D. Ziebell, and W. J. Matter. 1984
Vulnerability of redbelly tilapian fry to bluegill predation with 
changes in cover availability. N. Am. J. Fish. Mgmt. 4:120-125.

Predation measured in pools at three levels of artificial 
plant cover and two predator densities. Describes 
predator-prey behavior patterns and evaluates effect of 
parental protection. Discusses implications for use of 
tilapia to control aquatic plants.

Bietz, B., J. Martin, K. Schiefer, and P. Campbell. 1985. 
Instream Flow Needs for Fish below Hydropower Facilities in 
Canada: A Management Guide to Assessment Methods. Prepared for
Canadian Energy Assoc, by IEC Beak Consultants, Mississisauga, 
Ont.

Binns, N.A. 1979. A Habitat Quality Index for Wyoming Trout
Streams. Monogr. Ser. 2. Wyoming Game Fish Dep., Cheyenne.
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Methodology: ANNEAR AMO CONDER'S STATISTICAL WETTED PERIMETER METHOD 

Type of Method: CONCEPTUAL USING DISCHARGE AND HYDRAULIC VARIABLES 

Equation: MF * AF - LSD; MF * AF - 2LSD; MF « 2AF - LSD; MF » 2AF -2 LSD

MF * recommended maintenance flow 
AF * mean annual flow
LSD * Fisher's Least Significant Difference 

statistic

Correlation Coefficient: None found.

Source Documentation: Annear, T.C. and A.L.
Conder 1983. Evaluation of Instream Flow Needs 
for Use in Wyoming. Wyoming 6ame and Fish
Department, Fish Division. Completion report for 
Contract No. YA-512-CT9-226. 247 pp.

Objective: To develop a reproducible method of
Identifying appropriate maintenance flows from 
plots of wetted perimeter versus discharge.

Level of Effort: Low, once a relationship between 
wetted perimeter and discharge has been determined 
either from field observation or using a hydraulic 
simulation model.

Model Development: The authors, frustrated by the 
lack of evident Inflection points or other basis 
for selecting appropriate flows from plots of 
wetted perimeter versus discharge, decided to 
develop their own reproducible approach. They 
picked two reference flows: mean annual flow and 
twice mean annual flow, and then used Fisher's 
Least Significant Difference statistic on the 
combined data from all test riffles to determine 
(at the 90% confidence level) the deviation from 
that flow that resulted 1n a significant change in 
wetted perimeter. They then constructed the four 
families above as possible Indicators of 
maintenance flow.

Basic Assumptions: This method has two
fundamental assumptions. The first is that either 
mean annual flow or twice mean annual flow 1s an 
appropriate baseline from which to calculate 
acceptable reduction; the second is that the flow 
reduction which results in a statistically 
detectable change at the 90% probability level is 
reproducible and has some biological consequence. 
Since the size of the LSD is a function (at any 
given flow) of the homogeneity of the stream, A 
consequence of this assumption is that the less 
homogeneous the stream, the smaller the acceptable 
flow.

Limitations and Constraints: Lack of evidence 
that any of the values used have any biological 
significance.

Relationship to Other Methods: Uses the same 
wetted perimeter curve as ColUngs (1974), Nelson 
(1984), White (1976), and Weatherred et al.
(1981).

Quality of the Documentation: No justification 
for the technique 1s provided.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: Source 
document.

Critical Opinion: This 1s an attempt to get 
around the fact that there is no Inherent basis 
for selecting a point on a wetted perimeter versus 
discharge curve as an appropriate stream flow. 
The statistic chosen has no Inherent biological 
meaning. The authors do not even commit to 
whether mean annual flow or twice mean annual flow 
1s the appropriate starting point. The size of 
the LSD at any given flow is largely a product of 
the relative homogeneity of the transects chosen 
(or of the stream 1f the transects are represen
tative), so that inhomogeneous streams will have 
lower acceptable flows. There 1s no basis 
presented for this result, although one might 
develop a line of reasoning to support 1t. Also, 
because of the characteristic shape of wetted 
perimeter versus discharge curves, the lower the 
base flow chosen, the larger will be the allowed 
reduction. We cannot see that this method offers 
much Improvement over the arbitrary choice of a 
point on the curve.



Methodology: BARBER ET AL.'S DIAGRAMMATIC MAPPING METHOO FOR COHO SALMON

Type of Method: EMPIRICAL USING DISCHARGES, HYDRAULIC ANO STRUCTURAL VARIABLES

Equation: Age 0 coho: Log^Q#/30m
Age 0 coho: Logio#/30m 
Age 0 coho: Log10#/m2 >
Age 1 coho: Log^gf^Om 
Age 1 coho: Log1Q#/30m 
Age 1 coho: Logigf/1"^ '

0.59)
• 0.871 ♦ 1.011 LogASA * 0.01RV - 0.009 S (R2 - 0.76)
* 2.305 + 1.236 Log10PW -2.164 Log10 BT ♦ 0.031 CM (R2
0.473 + 0.421 ASA - 0.004 S - 0.013G (R2 • 0.51)
- 0.249 - 0.73 G + 0.416 Log10SS ♦ 0.006RV + 0.260 LogioUB (R
» 1 . 7 4 4  + 0.725 Log10PW -2.219 Log10PR (R2 ■ 0.36)
0.049 ♦ 0 .1 0 2RVP *0.0046 (R2 • 0.30)

0.49)

ASA * of substrate 8-256mm in diameter 
RY * m2 with overhanging vegetation 
S * days elapsed from the first day of sampling 
in the field season 
PW * pool width (m?)
BT * percent stream width over gravel and cobble 
CM * channel width (m?)
G * gradient
SS * m2 of water <50cm deep with a velocity <30cm 
* sec* 1
UB * m2 of eroded overhanging stream banks 
PR » pool rating: 1-5: 1 ■ wide, deep abundant
shelter; 5 * narrow, shallow, with exposed shelter 
RYP * m2 with overhanging vegetation and velocity 
<30cm * sec" 1

Correlation Coefficient: Shown with equations.

Source Documentation: Barber, W.E., M.W. Oswood 
and S.J. Deschermeier. 1980. A fish stream habi
tat survey technique for predicting fish abun
dance. pp. 225-240 iji (N.B. Armantrout, ed.) 
Proc. Symp. Aquisltion and Utilization of Aquatic 
Habitat Inventory Information. Am. Fish. Soc., 
Bethesda, M0.

Objective: To document one method (the Diagram
matic Mapping Method) and test it and another (the 
USFS R-4 Transect Method) for their ability to 
predict standing crop of stream fishes.

Level of Effort: Moderate to high. All variables 
must be measured in the field.

Model Development: The Transect Method (fish/m2 

in the above equations) consists of measuring pool 
riffle and channel width, bank stability, and 
rating pool and substrate types along 5 transects. 
The Diagrammatic Mapping Method (DMM) consists of 
calculating the area of 14 types of habitat 
(including depths > and < 50cm, velocities > and < 
30cm * sec"1, substrate 8-256 mm in diameter, and 
a series of cover variables, with the thought that 
these areas may be correlated with fish standing 
crop. All of the transect variables and areas 
were individually regressed (expressed both as 
#/30m and #/m2), in both untransformed and log1Q 
transformed versions. The form of each variable 
having the strongest individual correlation coef
ficient was used (along with all the other vari
ables) in a forward stepwise multiple regression

model, with variables resulting in a <1% improve
ment 1n R2 being excluded. The resulting equa
tions are listed above. In the Transect Method, 
only those variables identified by Dunham and 
Collotzl (1975) were used. For the DMM, only the 
areas of habitat type were used.

Basic Assumptions: That the variables measured 
are the important ones. That the raw variables 
are appropriately used directly (or log trans
formed), rather than transformed using suitability 
curves. That the binary depth and velocity 
criteria are reasonable.

Limitations and Constraints: Even though depth 
and velocity were measured, they appear in only 
two of the equations, because they did not
contribute to the strength of the regression in 
the others, possibly because the criteria are 
binary and the break point chosen may have little 
biological significance. The other variables are 
not necessarily strongly related to flow, so the 
utility of these models for Instream flow deter
mination is minimal. Also, there is little reason 
to think that either the model variables or para
meters (coefficients) would be the same if linear 
regression were used on a new data set.

Relationship to Other Methods: The mapping of 
areas is not used in other techniques reviewed 
here, but the multiple linear regression is 
similar to Rabern (1984).

Quality of the Documentation: Brief, but the 
authors will send more on request.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: The binary criteria for depth 
and velocity probably makes the DMM method non
functional for instream flow analysis. Measuring 
the areas rather than sampling them using 
transects probably results in a more accurate 
stream characterization, however, and could 
readily be expanded to other methods.



Methodology: BINNS AND EISERMAN'S WYOMING HABITAT QUALITY INDEX PROCEDURE

Type of Method: EMPIRICAL USING BIOLOGICALLY WEIGHTED HYORAULIC, STRUCTURAL, AND OTHER 
PHYSICAL/CHEMICAL VARIABLES

Equation:

HQI*([0.125*(Xj+i)
0.807Mx2+i)°-877*(x3+i)l-233*((x3.x4*x9*x10)+l)0.631M(x7*>8 11)♦!)

,182^-1.12085)^

HQI-Habitat Quality Index (1kg trout * ha 1)

[Note: All variables are scaled to dimensionless
values from 0-4 prior to being used 1n the HQI 
regression equation]

an estimator of standing crop) and the log-trans 
formed scaled variables to determine which vari 
ables to retain to estimate the regression para 
meters. Those with partial correlation coeffl 
dents <0.28 were then rejected.

xl * late summer stream flow (% avg. dally flow) 
x2 * annual stream flow variation (annual peak 

flow/ annual minimum flow) 
x3 * maximum summer water temperature (C) 
x4 ■ nitrate nitrogen (mg*l ) 
x7 * X cover (X surface area) 
x8 * X eroding stream banks (X total length) 
x9 * relative amt. submerged vegetation 
xlO * water velocity (rate of dye transport) 
xll * stream width (mean edge to edge at low flow)

2Correlation Coefficient: R * 0.97 between pre
dicted and actual standing crop. (An extremely 
good correlation.)

Source Documentation: Binns, N.A. 1982. Habitat 
Quality Index Procedures Manual» Wyoming Game and 
Fish Department» Cheyenne. Binns» N.A. and F.M. 
Eiserman. 1979. Quantification of fluvial trout 
habitat 1n Wyoming. Trans. Am. Fish. Soc. 
108:215-228.

Objective: To establish a mathematical relation
ship between an index of habitat quality (the HQI) 
and trout standing crop for use in habitat 
evaluations» assessment of habitat alterations» 
and Instream flow modeling.

Basic Assumptions: That these are the important 
variables» and that their values during the low 
flow period during which they are measured 
determine the standing crop of trout as well.

Limitations and Constraints: The HQI index would 
not be expected to have the same parameters else
where.

Relationship to Other Methods: This method 1s 
somewhat similar to and precedes other linear 
regression fits of standing crop data to a collec
tion of habitat variables (such as the work of 
Layher (1983) and Rabern (1984)). It differs from 
these» however, in that the raw variables are both 
arbitrarily scaled and log transformed prior to 
applying multiple linear regression, and the form 
of the final equation (exponential) is not used by 
other authors.

Quality of the Documentation: Completely documen
ted.

Experimental Tests of the Method: Tested by the 
authors and by Annear & Conder 1983.

Published Enhancements to the Method: None found.

Level of Effort: Moderate. Each stream must be 
visited during the flows of interest and a series 
of observations made. Calculation of the Habitat 
Quality Index, however, can be done on a pocket 
calculator

Critical Review of the Method: Annear & Conder 
1983.

Published Comparisons With Other Methods: Annear & 
Conder 1983.

Model Development: The model was developed by 
scaling the raw data from 22 potential input 
variables (all those listed above plus turbidity, 
depth, stream morphology [unexplained], bed 
material, silt deposition, nitrate nitrogen, total 
alkalinity, total phosphorus, total dissolved 
solids, hydrogen ion, stream bank vegetation, fish 
food abundance, fish food diversity, and fish food 
type) from 0 to 4 based on presumed habitat 
quality associated with different levels of each 
variable. Multiple linear regression was then 
employed between the response variable (Y or HQI,

Critical Opinion: This model 1s an empirical fit 
to real data, and has been shown both by the 
authors and independently by Annear & Conder 
(1983) to be predictive of standing crop on other 
Wyoming streams. Because it is an empirical fit 
of data from a particular type of stream, it would 
not be expected to be universally predictive. 
Similar treatment of similar data from other types 
of streams in other regions might, however, result 
in equally predictive regional models.



Methodology: COLLINGS' PINK AND CHUM SALMON MODEL

Type of Method: EMPIRICAL USING BASIN, HYDRAULIC, AND STRUCTURAL VARIABLES 

Equation: PSD * 1.27 Yj0*446 * Y4°*501 * V5°*329 * Vg0*282

SSD * 0.425 Vi0*411 * V2*0*110 * Y40,498 * V50#369 * V8’°#236

RD * 0.32 V1 ° * 3 27 * v2 0# 533 * V4 ° - 5 91

PSD * Preferred Spawning Discharge (ft3 * sec"*), 
the discharge resulting in maximum spawnable area

SSD * Spawning Sustaining Discharge (ft3 * sec"*), 
the discharge at which the percentage reduction in 
spawnable area is "just less" than the percentage 
reduction in preferred discharge as discharge is 
decreased in increments of 5, 10, 15 and 25% of
PSD

RD * Rearing Discharge; a discharge "selected 
somewhere near” the characteristic abrupt change 
1n slope of the relationship between discharge and 
wetted perimeter (not species specific)

* drainage area (mi^) 
y2 * mean basin altitude (ft)
V4 * reach width (ft)
V5 * % 1-3 inch gravel
V8 * hydraulic radius (ft)

Correlation Coefficient: R2 * 0.90 for PSD, R2 * 
0.90 for SSD, R2 » 0.85 for rearing habitat

Source Documentation: Collings, M.R. 1974.
Generalization of spawning and rearing discharges 
for several pacific salmon species in Western 
Washington. United States Geological Survey Open 
File Report, Tacoma, Washington. 39 pp.

Objective: To develop equations (using geomorphic 
input variables) useful for estimating the dis
charges that provide the maximum area for salmon 
spawning, the spawning-sustaining discharge 
(defined above - not less than 75% of the dis
charge producing the maximum spawning area) and 
the optimum rearing discharge.

Level of Effort: Low. All of the variables can 
be obtained from topographic maps.

Model Development At 50 different sites on 17 
different streams, Collings measured the area 
having depths of 1 .0-1 .5 ft and velocities of 1 .0-
2.25 ft * sec"* at (usually) 10 different dis
charges, then plotted the area of preferred depth 
and velocity versus discharge and fitted a curve 
to 1t using the moving parabolic arc technique. 
The peak of the curve was considered to be the 
PSD, and the SSD was calculated from the shape of 
the ascending limb of the curve. The RD was 
calculated entirely differently, using only a plot

of wetted perimeter versus discharge, and select
ing a point on 1t "somewhere near the change in 
direction".

Basic Assumptions: That the most appropriate form 
of the linear regression model is a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion is that the change of slope in the wetted 
perimeter versus discharge curve is a reasonable 
criterion.

Internal Error Checking: None.

Limitations and Constraints: The model does not 
address the question of whether either PS0 or SSD 
are needed in any given situation, and does not 
justify the SSD or RD criteria. Also, it 1s 
unlikely that the model could be geographically 
transportable, though the same techniques could be 
used elsewhere.

Relationship to Other Methods: The power function 
multiple linear regression 1$ the form used by 
Binns and Eiserman (1979). (The use of geomorphic 
input variables to predict appropriate discharges 
is reminiscent of Parsons et al. 1980.) The mea
surement of suitable area versus discharge 1s a 
precursor of the IFIM.

Quality of the Documentation: Complete

Experimental Tests of the Method: None found

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method is quite interest
ing in that it provides a technique for using 
readily available map data to arrive at the same 
result that would be obtained using intensive 
transect measurements at many discharges. It 1s a 
sensible and successful attempt to find easily 
measured surrogate variables to predict optimum 
spawning discharges for anadromous species which 
may be limited by spawning site availability. The 
criteria for rearing discharges, however, is not 
so well justified.



Methodology: COLLINGS' SOCKEYE SALMON MODEL

Type of Method: EMPIRICAL USING BASIN AND HYDRAULIC VARIABLES

Equation: PSD « 4.72 * y i 0 *7 3 5 * V3 " 0 *2 67 * V4 0 *5 71 *

0 QfiQ -Q 272  ̂ *0*491SSO - 16.8 * VI v3 V8
RO - 0.32 * Y-0*327 * ŷ O.533 * ŷ O.591

PSD * Preferred Spawning Discharge (ft^ * sec*1), 
the discharge resulting 1n maximum spawnable area

SSD * Spawning Sustaining Discharge (ft2 * sec"*), 
the discharge at which the percentage reduction 1n 
spawnable area 1s "just less” than the percentage 
reduction 1n preferred discharge as discharge 1s 
decreased 1n Increments of 5» 10» 15 and 25% of
PSD.

RD * Rearing Discharge; a discharge "selected 
somewhere near” the characteristic abrupt change 
1n slope of the relationship between discharge and 
wetted perimeter (not species specific)

Y 1 * drainage area (m1 )̂
V2 * mean basin altitude (ft)
V3 * reach altitude (ft)
Y^ * reach width (ft)

V8 * hydraulic radius (ft)

Correlation Coefficient: R2 • 0.85 for PSD, R2 *
0.85 for SSD« R2 * 0.85 for rearing habitat.

Source Documentation: Co111ngs9 M.R. 1974.
Generalization of Spawning and Rearing Discharges 
for Several Pacific Salmon Species 1n Western 
Washington. United States Geological Survey Open 
File Report, Tacoma, Washington. 39 pp.

Objective: To develop equations (using geomorphlc 
Input variables) useful for estimating the dis
charges that provide the maximum area for salmon 
spawning, the spawning-sustaining discharge 
(defined above - not less than 75% of the dis
charge producing the maximum spawning area) and 
the optimum rearing discharge.

Level of Effort: Low. All of the variables 
except reach width can be obtained from topogra
phic maps.

Model Development At 50 different sites on 17 
different streams, ColUngs measured the area 
having depths of 1 .0 -1 . 5  ft and velocities of 1 .0 -
2.25 ft * sec“ 1 at (usually) 10 different dis
charges, then plotted the area of preferred depth 
and velocity versus discharge and fitted a curve
to it using the moving parabolic arc technique.
The peak of the curve was considered to be the
PSD, and the SSD was calculated from the shape of
the ascending limb of the curve. The RD was 
calculated entirely differently, using only a plot

v -0.703 v8

of wetted perimeter versus discharge, and select
ing a point on 1t "somewhere near the change 1n 
direction".

Basic Assumptions: That the most appropriate form 
of the linear regression model 1s a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion 1s that the change of slope 1n the wetted 
perimeter versus discharge curve 1s a reasonable 
criterion.

Internal Error Checking: None

Limitations and Constraints: The model does not 
address the question of whether either PSD or SSD 
are needed 1n any given situation, and does not 
justify the SSD or RD criteria. It 1s unlikely 
that the model could be geographically transport
able, though the same techniques could be used 
elsewhere.

Relationship to Other Methods: The power function 
multiple linear regression 1s the form used by 
B1nns and Elserman (1979). (The use of geomorphlc 
Input variables to predict appropriate discharges 
1s reminiscent of Parsons et al. 1981.) The mea
surement of suitable area versus discharge 1s a 
precursor of the IFIM.

Quality of the Documentation: Complete

Experimental Tests of the Method: None found

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method 1s quite Interest
ing in that it provides a technique for using 
readily available map data (except reach width) to 
arrive at the same result that would be obtained 
using intensive transect measurements at many 
discharges. It 1s a sensible and successful
attempt to find easily measured surrogate vari
ables to predict optimum spawning discharges for 
anadromous species which may be limited by spawn
ing site availability. The criteria for rearing 
discharges, however, is not so well justified.



Methodology: COLLINGS' FALL CHINOOK SALMON MOOEL 

Type of Method: EMPIRICAL USING BASIN AND HYORAULIC 

Equation: PSD » 209 Vj0 *4 36 * V3 ” 0 *1 12 * V4 0 , 5 4 4  *

SSO - 1.40 V! 0 *4 49 * v4 ° * 5 0 3 * V6 ° * 1 16  

RO » 0.32 * y^.533 * y^O.591

PSD » Preferred Spawning Discharge (ft3 * sec“^). 
the discharge resulting 1n maximum spawnable area

SSO * Spawning Sustaining Discharge (ft^ * sec"1), 
the discharge at which the percentage reduction 1n 
spawnable area 1s "just less" than the percentage 
reduction 1n preferred discharge as discharge 1s 
decreased 1n Increments of 5, 10, 15 and 25% of
PSD.

RD * Rearing Discharge; a discharge "selected 
somewhere near" the characteristic abrupt change 
1n slope of the relationship between discharge and 
wetted perimeter (not species specific)

Vx * drainage area (ml2)
V2 3 mean basin altitude (ft)
V3 * reach altitude (ft)
V4 3 reach width (ft)
Vg * reach slope (ft/m1)

Correlation Coefficient: R2 * 0.81 for PSD, R2 3 

0.79 for SSD, R2 3 0.85 for rearing habitat.

Source Documentation: Collings, M.R. 1974.
Generalization of Spawning and Rearing Discharges 
for Several Pacific Salmon Species 1n Western 
Washington. United States Geological Survey Open 
File Report, Tacoma, Washington. 39 pp.

Objective: To develop equations (using geomorphlc 
Input variables) useful for estimating the dis
charges that provide the maximum area for salmon 
spawning» the spawning-sustaining discharge 
(defined above - not less than 75% of the dis
charge producing the maximum spawning area) and 
the optimum rearing discharge.

Level of Effort: Low. All of the variables can 
be obtained from topographic maps.

Model Development At 50 different sites on 17 
different streams, Collings measured the area 
having depths of 1 .0 -1 .5 ft and velocities of 1 .0-
2.25 ft * sec" 1 at (usually) 10 different dis
charges, then plotted the area of preferred depth 
and velocity versus discharge and fitted a curve
to it using the moving parabolic arc technique.
The peak of the curve was considered to be the
PSD, and the SSD was calculated from the shape of
the ascending limb of the curve. The RD was 
calculated entirely differently, using only a plot

VARIABLES

v 0.187 v6

of wetted perimeter versus discharge, and select
ing a point on 1t "somewhere near the change 1n 
direction".

Basic Assumptions: That the most appropriate form 
of the linear regression model 1s a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion 1s that the change of slope 1n the wetted 
perimeter versus discharge curve 1s a reasonable 
criterion.

Internal Error Checking: None.

Limitations and Constraints: The model does not 
address the question of whether either PSD or SSD 
are needed 1n any given situation, and does not 
justify the SSD or RD criteria. Also, 1t 1s 
unlikely that the model could be geographically 
transportable, though the same techniques could be 
used elsewhere.

Relationship to Other Methods: The power function 
multiple linear regression 1s the form used by 
B1nns and Elserman (1979). (The use of geomorphlc 
input variables to predict appropriate discharges 
1s reminiscent of Parsons et al. 1980.) The mea
surement of suitable area versus discharge 1s a 
precursor of the IFIM.

Quality of the Documentation: Complete.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method 1s quite interest
ing in that it provides a technique for using 
readily available map data to arrive at the same 
result that would be obtained using intensive 
transect measurements at many discharges. It is a 
sensible and successful attempt to find easily 
measured surrogate variables to predict optimum 
spawning discharges for anadromous species which 
may be limited by spawning site availability. The 
criteria for rearing discharges, however, is not 
so well justified.



Methodology: COLLINGS' SPRING CHINOOK SALMON MOOEL

Type of Method: EMPIRICAL USING BASIN, HYDRAULIC, AND STRUCTURAL VARIABLES

Equation: PSD * 91.9 v^ * 597 * V2 ” 0 , 2 4 3  * V4 ° * 3 40

SSD - 45 Vx0 , 5 8 7  * V2 ‘ ° * 2 01 * V4 ° - 427

RO ■ 0.32 Vj0 *3 2 7 * v2 ° * 5 3 3 * V4 ° * 591

PSD - Preferred Spawning Discharge (ft3 * sec”1), 
the discharge resulting 1n maximum spawnable area

SSD » Spawning Sustaining Discharge (ft3 * sec"1)» 
the discharge at which the percentage reduction in 
spawnable area is "just less" than the percentage 
reduction in preferred discharge as discharge is 
decreased in increments of 5, 10, 15 and 25% of
PSD.

RD * Rearing Discharge; a discharge "selected 
somewhere near" the characteristic abrupt change 
1n slope of the relationship between discharge and 
wetted perimeter (not species specific).

Vi * drainage area (mi2)
V2 * mean basin altitude (ft)
V4 * reach width (ft)
V5 * % of 1-3 inch gravel
Vy - mean depth at 25% of stream width - mean 

depth at 7 5% of stream width [starting from 
the side which, when the division is com
pleted, results 1n a dimensionless value 
>1.0]

Correlation Coefficient: R2 * 0.64 for PSD, R2 * 
0.64 for SSD, R2 * 0.85 for rearing habitat.

Source Documentation: Collings, M.R. 1974.
Generalization of Spawning and Rearing Discharges 
for Several Pacific Salmon Species in Western 
Washington. United States Geological Survey Open 
File Report, Tacoma, Washington. 39 pp.

Objective: To develop equations (using geomorphlc 
input variables) useful for estimating the dis
charges that provide the maximum area for salmon 
spawning, the spawning-sustaining discharge 
(defined above - not less than 75% of the dis
charge producing the maximum spawning area) and 
the optimum rearing discharge.

Level of Effort: Low. All of the variables can 
be obtained from topographic maps.

Model Development At 50 different sites on 17 
different streams, Collings measured the area 
having depths of 1 .0-1 .5 ft and velocities of 1 .0-
2.25 ft * sec* 1 at (usually) 10 different dis
charges, then plotted the area of preferred depth 
and velocity versus discharge and fitted a curve 
to it using the moving parabolic arc technique. 
The peak of the curve was considered to be the

V -0.354 * y -0.482 
v5 v7

Vg-0.393 . ^ -0.448

PSD, and the SS0 was calculated from the shape of 
the ascending Umb of the curve. The RD was 
calculated entirely differently, using only a plot 
of wetted perimeter versus discharge, and select
ing a point on it "somewhere near the change in 
direction".

Basic Assumptions: That the most appropriate form 
of the linear regression model is a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion is that the change of slope in the wetted 
perimeter versus discharge curve is a reasonable 
criterion.

Limitations and Constraints: The model does not 
address the question of whether either PSD or SSD 
are needed 1n any given situation, and does not 
justify the SSD or RD criteria. Also, it is 
unlikely that the model could be geographically 
transportable, though the same techniques could be 
used elsewhere.

Relationship to Other Methods: The power function 
multiple linear regression is the form used by 
Binns and Eiserman (1979). (The use of geomorphlc 
input variables to predict appropriate discharges 
is reminiscent of Parsons et al. 1980.) The mea
surement of suitable area versus discharge is a 
precursor of the IFIM.

Quality of the Documentation: Complete

Experimental Tests of the Method: None found

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method is quite interest
ing in that it provides a technique for using 
readily available map data to arrive at the same 
result that would be obtained using intensive 
transect measurements at many discharges. It is a 
sensible and successful attempt to find easily 
measured surrogate variables to predict optimum 
spawning discharges for anadromous species which 
may be limited by spawning site availability. The 
criteria for rearing discharges, however, is not 
so well justified.



Methodology: C0LLIN6S* COHO SALMON MODEL

Type of Method: EMPIRICAL USING BASIN AND HYDRAULIC VARIABLES

Equation: PSD - 1.75 Y1 0 *5 2 8 * Y4 ° * 3 90 * V6 ° * 132

SSD «1.09 Yx0 , 5 6 4  * Y4 ° - 4 0 2 * V6 ° - 165

RD » 0.32 Yj0-327 * Y2°-533 * V4°*591

PSD » Preferred Spawning Discharge (ft3 * sec"1), 
the discharge resulting in maximum spawnable area

SSD » Spawning Sustaining Discharge (ft3 * sec"1), 
the discharge at which the percentage reduction in 
spawnable area 1s "just less" than the percentage 
reduction 1n preferred discharge as discharge 1s 
decreased 1n Increments of 5» 1 0 , 15 and 25% of
PSD

RD « Rearing Discharge; a discharge "selected 
somewhere near” the characteristic abrupt change 
1n slope of the relationship between discharge and 
wetted perimeter (not species specific)

» drainage area (ml2)
V2 * mean basin altitude (ft)
V4 » reach width (ft)
Yg * reach slope (ft/mi)

Correlation Coefficient: R2 - 0.81 for PSO, R2 - 
0.83 for SSD, R2 * 0.85 for rearing habitat.

Source Documentation: Collings, M.R. 1974.
Generalization of Spawning and Rearing Discharges 
for Several Pacific Salmon Species 1n Western 
Washington. United States Geological Survey Open 
File Report, Tacoma, Washington. 39 pp.

Objective: To develop equations (using geomorphlc 
Input variables) useful for estimating the dis
charges that provide the maximum area for salmon 
spawning, the spawning-sustaining discharge 
(defined above - not less than 75% of the dis
charge producing the maximum spawning area) and 
the optimum rearing discharge.

Level of Effort: Low. All of the variables can 
be obtained from topographic maps.

Model Development At 50 different sites on 17 
different streams, Collings measured the area 
having depths of 1 .0-1 .5 ft and velocities of 1 .0 -
2.25 ft * sec" 1 at (usually) 10 different dis
charges, then plotted the area of preferred depth 
and velocity versus discharge and fitted a curve
to it using the moving parabolic arc technique.
The peak of the curve was considered to be the
PSD, and the SSD was calculated from the shape of
the ascending limb of the curve. The RD was 
calculated entirely differently, using only a plot 
of wetted perimeter versus discharge, and select

ing a point on 1t "somewhere near the change 1n 
direction".

Basic Assumptions: That the most appropriate form 
of the linear regression model 1s a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion 1s that the change of slope 1n the wetted 
perimeter versus discharge curve 1s a reasonable 
criterion.

Internal Error Checking: None.

Limitations and Constraints: The model does not 
address the question of whether either PSD or SSD 
are needed 1n any given situation, and does not 
justify the SSD or RD criteria. Also, 1t 1s 
unlikely that the model could be geographically 
transportable, though the same techniques could be 
used elsewhere.

Relationship to Other Methods: The power function 
multiple linear regression 1s the form used by 
B1nns and Elserman (1979). (The use of geomorphlc 
Input variables to predict appropriate discharges 
1s reminiscent of Parsons et al. 1980.) The mea
surement of suitable area versus discharge 1s a 
precursor of the IPIM.

Quality of the Documentation: Complete.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method 1s quite Interest
ing in that 1t provides a technique for using 
readily available map data to arrive at the same 
result that would be obtained using Intensive 
transect measurements at many discharges. It 1s a 
sensible and successful attempt to find easily 
measured surrogate variables to predict optimum 
spawning discharges for anadromous species which 
may be limited by spawning site availability.



Methodology: DUNHAM AND COLLOTZI'S U.S. FOREST SERVICE REGION 4 METHOD 

Type of Method: CONCEPTUAL USING HYDRAULIC AND STRUCTURAL VARIABLES 

Equation: X optimum habitat * [PMR + PSR ♦ SBR ♦ SER] * 4 ^

PMR * Pool Measure Rating * 100 -2 * ((Wp * Ws
100) -50); W * pool width, WS * stream
width

PSR * Pool Structure Rating * X of total pool 
length rated 1 , 2 or 3: (pools * or
> average stream width with Intermediate 
abundant shelter or depth >2 ft)

SBR * Stream Bottom Rating * X of total transect 
length over gravel and rubble

SER * Stream Environmental Rating * ((3 * Bp) ♦ ( 4  

* Bt)) * ( 4  * (B,, + Bt)'1; ” bank
locations with brush; Bt « bank locations 
with trees

Correlation Coefficient: None found*

Source Documentation: Dunham, D.F. and A*
Collotzi. 1975. The Transect Method of Stream 
Habitat Inventory— Guidel ines and Applications. 
USDA Forest Service, Ogden, UT 98 pp.

Objective: To determine appropriate Instream
flows in Utah.

Level of Effort: Moderate to high. The streams 
must be surveyed in the field.

Model Development: This method was originally 
intended to be used as a habitat rating method 
(Herrington and Dunham 1967), but since the habi
tat rating changes with flow, it is possible to 
plot the rating (percent optimum habitat) versus 
percent of existing discharge to form a curve. In 
all the examples shown, percent optimum habitat 
decreases as discharge decreases. No description 
is given of the rationale for selecting the parti
cular set of input variables or for the technique 
of aggregating them.

Basic Assumptions: That the variables chosen, the 
way of expressing them and the method of aggrega
tion are biologically appropriate.

Limitations and Constraints: The choice of vari
ables and the means of scoring them appear rather 
arbitrary and are not well justified. The PMR 
would not change (except perhaps in the long term) 
with discharge, and there is no obvious reason why 
either the SBR or the PMR would change either. 
This leaves the only flow-dependent variable the 
PS, which Includes consideration of size (relative 
width), depth (deeper is better), and cover (abun
dant is best). The output of the model is a plot 
of X optimum habitat versus some measure of 
discharge. It is left to the investigator to pick 
a point on the curve representing appropriate 
Instream flow, and the guidelines for doing so are 
obscure.

Relationship to Other Methods: This is a
conceptual combination of specific habitat 
variables in the spirit of the FWS HEP/HSI models, 
although with a much simpler aggregation 
technique.

Quality of the Documentation: Adequate.

Experimental Tests of the Method: Barber, Oswood 
and Deschermeier, 1980.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method appears arbitrary 
in its selection of variables and means of 
aggregation. There is no reason to believe that 
it accurately reflects habitat quality for any 
particular species. When applied, it leaves the 
investigator with a plot of habitat versus flow, 
with no guidance on its interpretation.



Methodology: EDWARDS' FWS/HS1 BIGMOUTH BUFFALO RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC, STRUCTURAL, AND OTHER PHYSICAL AND 
CHEMICAL VARIABLES

Equation: HSI - C(V1*v1 3 ) 0 *5 * (V2 * V3 * V42 * V6 * V8 ) 1 / 6  * (Vg2 * Vg * v9 2 * Vn )l/3 * V9 ] 0 *2 0

[Note: All values are transformed and scaled 
from 0 - 1  before being used in the model]

HSI * Habitat Suitability Index
V} » X pools during spring and summer 
V£ * mean maximum monthly turbidity (JTU) during 

summer 

V3 * PH
V4 * maximum summer temperature (°C)
Vg * mean maximum temperature (°C) in summer 

nursery habitat
Vg » minimum dissolved oxygen (mg * l**) during 

spring and summer

V7 * mean velocity (cm * sec**)
V8 * maximum salinity (ppt) during spring and 

summer
Vg « dominate substrate type in spawning areas 

* water level fluctuation before and after 
spawning

V^g » x vegetation cover in pools

Correlation Coefficient: None found..

Source Documentation: Edwards. E.A. 1983.
Habitat Suitability Index Models: Bigmouth
Buffalo. US Fish and Wildlife Service. FWS/OBS- 
82/10.34. 23 pp.

Objective: To convert habitat Information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
Intended to be used as an Instream flow method, 
but 1t has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any

predictive use it must be assumed also that there 
is some relationship between HSI and fish produc
tion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
Binns and Elserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, 1s useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: EDUARDS ET AL.'S FWS/HSI LONGNOSE DACE RIVERINE MOOEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC, STRUCTURAL, AND OTHER PHYSICAL AND 
CHEMICAL VARIABLES

Equation: HSI * lowest of V^, V2 » Y4 , V5 # Vg

[Note: All variables are transformed and scaled 
from 0 - 1  before being used 1n the model]

HSI * Habitat Suitability Index 
Y| * mean velocity (m * see"*)
V£ * maximum riffle depth (m)
Y3 * % riffles
V4 * X stream with substrate diameter of at least 

5-20 cm
Y5 » mean maximum spring and summer temperature 

(°C) In riffle areas 
Yg * X cover

Correlation Coefficient: None found.

Source Documentation: Edwards» E.A., et al.
1983. Habitat Suitability Index Models: Longnose 
Dace. US Fish and Wildlife Service. FWS/OBS- 
82/10.33. 13 pp.

Objective: To convert habitat Information Into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
Intended to be used as an Instream flow method, 
but three of Its Input variables vary with 
discharge, and consequently 1t might be used to 
predict the effect of discharge on habitat 
suitability and, by extension, carrying capacity 
and standing crop.

Level of Effort: Moderate. All of the variables 
have to be measured 1n the field. For use as an 
Instream flow model they would have to be measured 
at several flows, Including the ones of Interest.

Model Development: The variables were selected 
because they were hypothesized to be Important. 
They were then transformed and scaled from 0-1 
based on Information 1n the literature and
personal observations. The basis for the choice 
of the lowest value as a criterion 1s not 
explained 1n the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
and that they all have equal weight. For any 
predictive use 1t must be assumed also that there 
1s some relationship between HSI and fish produc
tion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) 1s Indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models except that geometric 
mean aggregation 1s not used. The technique for 
scaling variables 1s similar to the one used by 
B1nns and Elserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique 1s not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, 1s useful 1n the sense that 1t focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
1s little justification for using 1t for any other 
purpose.



Methodology: EDUARDS1 FWS/HSI LONGNOSE SUCKER RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC, STRUCTURAL, AND OTHER PHYSICAL AND 
CHEMICAL VARIABLES

2 «,1/6
Equation: HSI * [V2 * V3 * Y4 * V5 * V6J

[Note: All values are transformed and scaled from 
0 * 1 before being used in the model]

[This model uses only variables relating to embryo 
habitat suitability]

HSI » Habitat Suitability Index 
Y2 * riffle depth (cm)
V3 . velocity (m*sec*1) 1" spawning area

* mean temperature (°C) during spawning and 
Incubation

V5 » % riffles 1n spawning area 
Yg * substrate type

Correlation Coefficient: None found*

Source Documentation: Edwards, E.A* 1983* Habi
tat Suitability Index Models: Longnose Sucker. 
U.S. Fish and Wildlife Service. FWS/0BS-82/10. 
35. 21 pp.

Objective: To convert habitat Information Into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
Intended to be used as an Instream flow method, 
but several of Its Input variables vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured 1n the field. For 
use as an Instream flow model they would have to 
be measured at several flows, Including the ones 
of Interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on Information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation 1s not explained 
1n the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any 
predictive use 1t must be assumed also that there 
1s some relationship between HSI and fish 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) 1s Indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables 1s similar to the one used by 
B1nns and Elserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique 1s not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found •

Critical Opinion: This, like the other HEP/HSI 
models, is useful 1n the sense that 1t focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
1s little justification for using 1t for any other 
purpose.



Methodology: EDUARDS ET AL.'S FWS/HSI SLOUGH DARTER RIVERINE MOOEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED BASIN, HYDRAULIC, STRUCTURAL, ANO OTHER PHYSICAL 
AND CHEMICAL VARIABLES

Equation: HSI - C(2_1) * (V2 + v6) * (V ^  * V5 2 * V6 2 * Vg)l/? * (V3 * v42 * V7 2 ) 0 *2 0 ] 0 *2 5

[Note: All values are transformed and scaled from 
0 - 1  before being used in the model]

HSI * Habitat Suitability Index 
Vj » minimum dissolved oxygen (mg * during

summer
V2 * X pools during mean summer flow 
Y3 * mean gradient (m * km"*) in representative 

reach
V4 = dominate substrate type
Yg * mean temperature (°C) spring to fall
Vg * maximum monthly mean turbidity 
Yy * mean velocity (cm * sec**) at 0 .6m during 

mean summer flow 
Yg * yearly pH levels

Correlation Coefficient: None found.

Source Documentation: Edwards» E.A. et al.
1982. Habitat Suitability Index Models: Slough 
Darter. US Fish and Wildlife Service* FWS/OBS- 
82/10.9. 13 pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method» 
but it has many input variables which vary with 
discharge» and consequently can be used to predict 
the effect of discharge on habitat suitability 
and» by extension» carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured 1n the field. For 
use as an instream flow model they would have to 
be measured at several flows» including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen» that they were transformed correctly» 
that they all have equal weight» and that the 
aggregation used 1s appropriate. For any 
predictive use it must be assumed also that there 
is some relationship between HSI and fish produc
tion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability» carrying capacity» or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables 1s similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This» like the other HEP/HSI 
models» is useful 1n the sense that it focuses 
attention on the process of choosing»
transforming» scaling» and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present» however, there 
is little justification for using it for any other 
purpose.



/

Methodology: EDWARDS AND TVOMEY'S FWS/HSI COMMON CARP RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC, STRUCTURAL, BIOLOGICAL, AND OTHER 
PHYSICAL AND CHEMICAL VARIABLES

Eqmtloa: HSI - [(Vj * v3)0,5 * * V2 * V3)1/3 * (7_1) * (Vg + 2 * t(V7 V9]0,5 + 2 * V12 + V34 +

vu ) * vt * v3 * v8 * v10 * v13)0*20]0,25
[Note that all values are transformed and scaled 
from 0*1 before being used in the model]

HSI * Habitat Suitability Index 
V} * X vegetation 1n shallow cascading spring and 

summer
Y2 * % pool cover
V3 > % pools during mean summer flow 
Yg * mean maximum monthly turbidity (JTU) during 

mean summer flow
Y7 * maximum midsummer temperature (°C)
V8 * «neon temperature (°C) during spawning 
Yg * maximum midsummer pool temperature (°C)
V1Q * maximum depth (m) of pools during spawning

maximum salinity (pp+)
(mg*l~*)minimum dissolved oxygen 

midsummer
during

minimum dissolved oxygen 
spawning
pH level during the year

- - _ _ ____ o

(mg*l~*) during

Correlation Coefficient: * 0.02 between HSI 
and standing crop (Gilbert 1984).

Source Documentation: Edwards, E.A. and K. 
Twomey. 1982. Habitat Suitability Index Models: 
Common Carp. U.S. Fish and Wildlife Service. 
FWS/0BS-82/10.12. 28 pp.

Objective: To convert habitat information into a 
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
Intended to be used as an Instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an instream flow model they would have to 
be measured at several flows, Including the ones 
of Interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and 
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any 
predictive use 1t must be assumed also that there 
1s some relationship between HSI and fish product
ion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is Indicative 
of true habitat sultablful in the sense that 1t focuses 
attention on the process of choosing, 
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
1s little justification for using 1t for any other 
purpose.



A

Methodology: GEER'S UTAH WATER RECORDS METHODOLOGY

Type of Method: CONCEPTUAL USING DISCHARGE VARIABLES

Equation: UBF « Average of MMD for Sep., Nov., Dec., Jan* 9 Feb., Mar.
SBF » Average of MMD for Apr . 9 May, Jun. 9 Jul, Aug., Sep.

WBF * Winter Base Flow » minimum allowable winter 
flow

SBF * Summer Base Flow * minimum allowable summer 
flow

MMD * Minimum Monthly Flow for period of record

Correlation Coefficient: None found.

Source Documentation: Geer, W.H. 1980. Evalua
tion of Five Instream Flow Needs Methodologies and 
Water Quantity Needs of Three Utah Trout Streams.
Publication No. 80.20, Utah Division of Wildlife 
Resources. 194 pp.

Objective: To establish minimum winter and summer 
flows 1n Utah streams.

Level of Effort: Very low.

Model Development: Not described.

Basic Assumptions: That the mean minimum historic 
monthly flows are appropriate minimum flows.

Limitations and Constraints: Lack of any basis 
for the method.

Relationship to Other Methods: Similar to the New 
England Flow Recommendation Policy (Larsen 1980),
1n which the minimum flow 1s set at the 25-year 
median daily unregulated flow, and to the Montana 
Method (Tennant 1975), which sets the flow at 30% 
of the average annual flow.

Quality of the Documentation: The method is not 
justified 1n the documentation.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: Source 
document.

Critical Opinion: This method 1s essentially 
arbitrary. There is no evidence that the recom
mendations provided by its application are either 
necessary or sufficient to meet biological or 
other requirements.



Methodology: GILBERT'S FHS/HSI WARMOUTH RIVERINE MODEL

Type of Method: CONCEPTUAL USING DISCHARGE, BASIN, HYDRAULIC, PHYSICAL, AND CHEMICAL VARIABLES 

Equation: HSI - t(V2 + v5) * 2_l * ( » 2 2 * V5 2 * V1 2 ) 0 *2 * C(vl + 2V3 + V6 + V7 + 2V8 + V10) * 8 ' 1 ] 2 *

(V12 * V9 2 * V2 ) 0 * 25 * ((2VU  ♦ V4> * 3* l ) ] 1 / 7

[Note that all values are transformed and scaled 
from 0 - 1  before being used 1n the equation]

HSI * Habitat Suitability Index
Y1 * growing season (days)

V£ * average summer flow
* 00 range during summer

V4 * gradient
Yg ■ % pools 1n summer

Vg » pH range during year 
Yy ■ maximum summer flow 
V3 * mean water temperature June-September 
Yg * mean water temperature spawning
V^Q = average summer flow
Y ^  * mean velocity during mean sunnier flow

V12 * water level stability during spawning

Correlation Coefficient: r2 between standing crop 
and exponentially transformed HSI « 0.48; r2 of 
HSI versus untransformed HSI * 0.13.

Source Documentation: Gilbert, R.J. 1984.
Assessments of selected habitat suitability Index 
(HSI) models, (J. Terrell, edit.), Draft Pro
ceedings of a Workshop on Fish Habitat Suitability 
Index Models. U.S. Fish and Wildlife Service. 
FWS/OBS-84.

Objective: To convert habitat Information Into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not
Intended to be used as an Instream flow method, 
but 1t has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, Including the ones 
of interest.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used 1s appropriate. For any predic
tive use 1t must be assumed also that there 1s 
some relationship between HSI and fish production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) 1s Indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables 1s similar to the one used by 
B1nns and Elserman (1979)«

Quality of the Documentation: The basis for the 
aggregation technique 1s not explained.

Experimental Tests of the Method: Tested by the 
author.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons U1th Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing, trans
forming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose* The only empirical test of 1t shows 
extremely poor correlation between the HSI and 
standing crop.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and 
personal observations. The basis for the complex 
aggregation of the final equation 1s not explained 
in the model documentation.



Methodology: HICKMAN AND RALEIGH'S FWS/HSI CUTTHROAT TROUT RIVERINE MOOEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTEO DISCHARGE, HYDRAULIC, STRUCTURAL, AND OTHER 
PHYSICAL AND CHEMICAL VARIABELES

Equation: HSI » [([Vl * v3 * B12 * Vj3 * V14 * Vi7 Í1 / 6  * (2*1) * CCV, * Vig] 0 , 5  + Vu ] ) 0 *5 * CV4 * Vg

(V10 * Vl5 )°*531 / 3  * 3  * (V6 ♦ V10 ♦ V1 5 ) * CV10 *

Ce « lowest ? of V2 , V3 or mean value of the site 
specific data: (V5 * V7 * Vig)^ * (Area t"*2) of 
each site) * (total habitat area)"*

[Note that all values are transformed and scaled 
from 0 - 1  before being used 1n the model]

HSI * Habitat Suitability Index
* mean maximum temperature (°C) during summer 

V2 * mean maximum temperature (°C) during embryo
development

V3 * mean minimum dissolved oxygen (mg*l"*) dur
ing late growing season and embryo develop
ment

V4 ■ mean thalweg depth (cm) during late growing 
season

v5 - mean velocity (cm**.0’1) over spawning areas 
during embryo development

Vg » % cover during late growing season 
Yy * mean substrate size (cm) between 0.3-8 cm in 

spawning areas
Vg * % substrate size class (10-40 cm) used for 

escape cover by fry and juveniles
Vg » dominate (>50%) substrate type in riffle-run 

areas for food production
Vio * % pools during late growing season

* mean % vegetation along stream bank during 
summer

V ^  * mean % rooted vegetation an stable ground 
cover during summer

V^g = annual maximal or minimal pH 
Yj4 * mean annual base flow regime as a percentage 

of the mean annual daily flow 
Yjg * pool class rating during the late growing 

season
V16 * % fines in riffle-run and spawning areas 

during mean summer flow
Vjj » % of stream area shaded between 1 000 and 

1400 hours
Ce » embryo component of the HSI model

Correlation Coefficient: r^ » -0.03, -0.33, -0.28 
against measured standing crop for the interactive 
limiting factor, lowest suitability index, and 
average value methods respectively (Li and Schreck 
1984).

Source Documentation: Hickman, T. and R.F.
Raleigh 1982. Habitat Suitability Index Models, 
Cutthroat trout. U.S. Fish and Wildlife Service. 
FWS/0BS-82/10.5. 38 pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method,

(V8 * V16)0*5]0’5 * Cel0’2
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and 
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
1n the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used 1s appropriate. For any 
predictive use it must be assumed also that there 
is some relationship between HSI and trout 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables 1s similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique 1s not explained.

Experimental Tests of the Method: Li and Schreck, 
1984, showed very weak negative correlation 
between HSI and standing crop.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing, 
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose. The only empirical test of it shows 
extremely poor correlation between the HSI and 
standing crop.



Methodology: HOPPE'S METHOD

Type of Method: CONCEPTUAL USING DISCHARGE VARIABLES

Equation: RF cover * daily flow exceeded 80% of the time
RF spawning * daily flow exceeded 40% of the time 
RF flushing * daily flow exceeded 17% of the time

RF cover * recommended flow for minimum Instream 
flow to support daily fish activities 
(cover, food production)

RF spawning * recommended flow for spawning 
periods

RF flushing * recommended flow for 48 hours during 
the year

Correlation Coefficient: None found*

Source Documentation: Hoppe, R.A. 1975« Minimum 
streamflows for fish* Paper distributed at Soils- 
Hydrology Workshop, USFS, Montana State Univ.,
Bozeman, Jan 26-30, 1976* 13 pp. (reviewed here
from Wesche and Rechard 1980)*

Objective: To recommend flows for spawning,
flushing, and cover*

Level of Effort: Low*

Model Development: Not described 1n Wesche and 
Rechard (1980).

Basic Assumptions: That the criteria used are 
correct and appropriate.

Limitations and Constraints: No supporting
justification.

Relationship to Other Methods: Similar to NGRP 
1974, but with different criteria.

Quality of the Documentation: Not known.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: Stalnaker and 
Arnette 1976, Wesche and Rechard 1980.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: The criteria used in this 
method appear to be arbitrary and unsupported.
There is no way of assessing their appropriate
ness.



Methodology: INSKIP'S FWS/HSI NORTHERN PIKE RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED DISCHARGE, HYDRAULIC, STRUCTURAL, PHYSICAL, AND 
CHEMICAL VARIABLES

Equation: HSI « lowest value of Vj, v2, V3, V4 , V5, V6, V7, V8 , V9

[Note: All values are transformed and scaled from 
0 - 1  before being used in the model]

HSI « Habitat Suitability Index
V} > ratio of spawning habitat to summer habitat 

divided by total midsummer area

V 2 * reduction 1n depth (m) during embryo and fry 
stages

^3 « i of midsummer area with emergent or 
submerged vegetation

V4 * logarithm (base 1 0 ) of total dissolved 
solids (ppm) during midsummer

V5 * least suitable pH 1n spawning habitat during 
embryo and fry stages

Vg * mean length of frost free season 
Yy * mean maximal weekly temperature (°C) 1-2 m 

deep

V3 > 1 of total surface area during summer that 
are pools or sluggish (<5 cm*Sec*M water

Vg * stream gradient (m*knT*)

Correlation Coefficient: None found.

Source Documentation: Inskip, P.D. 1982.
Habitat Suitability Index Models: Northern Pike. 
U.S. Fish and Wildlife Service. FWS/0BS-82/10.17. 
40 pp.

Objective: To convert habitat Information Into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
Intended to be used as an Instream flow method« 
but 1t has many Input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured In.the field. For 
use as an Instream flow model they would have to 
be measured at several flows, Including the ones 
of Interest.

Model Development: The variables were selected 
because they were hypothesized to be Important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the choice 
of the lowest value as a criterion is not 
explained In the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
and that they all have equal weight. For any 
predictive use 1t must be assumed also that there 
1s some relationship between HSI and fish produc
tion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) 1s Indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models except that geometric 
mean aggregation 1s not used. The technique for 
scaling variables 1s similar to the one used by 
B1nns and Elserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique 1s not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, 1s useful 1n the sense that 1t focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using 1t for any other 
purpose.



Methodology: LARSEN*S USFUS NEW ENGLAND FLOW RECOMMENDATION POLICY

Type of Method: CONCEPTUAL USING DISCHARGE VARIABLES

Equation: ABF * 25 year median dally unregulated flow; or
ABF * 4 cfsm 1n spring, 0.5 cfsm 1n summer, and 1 cfsm 1n fall, and 1f storage 1s available, 

when the Inflows are lower than these flows, Inflow shall equal outflow but outflow
shall not fall below 0 . 2  csfm unless

ABF * Aquatic Base Flow - the minimum acceptable 
flow determined on a monthly basis 

CSFM * cubic feet per second per square mile of 
drainage above the diversion

Correlation Coefficient: None found.

Source Documentation: Larsen, H.N. 1980. Policy 
Memorandum to Area Manager, New England Area 
Office from Regional Director, Region 5. U.S.
Fish and Wildlife Service, 11 April 1980. 2 pp.

Objective: To encourage natural stream flows and
perpetuate Indigenous aquatic organisms.

Level of Effort: Low. If 25 years of dally flow 
records are available, the calculation 1s based on 
them. If not, the drainage area (square miles) 
must be calculated from maps.

Model Development: Not described.

Basic Assumptions: That median flows or the 
prescribed flows are sufficient for the Indigenous 
fish fauna.

Limitations and Constraints: Lack of evidence 
that the prescribed flows are either necessary or 
sufficient to meet the objectives of the method.

Relationship to Other Methods: Similar to the 
Montana Method (Tennant 1975), 1n that the level 
of flow 1s set arbitrarily, but 1n this case as 
the median value rather than a percentage of the 
mean value. This is the only method we have found 
that bases flows on drainage area.

Quality of the Documentation: No justification 
for the method 1s provided.

Experimental Tests of the Method: None found.

reservoir capacity has been depleted.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: We have found no justification 
either for the use of median monthly flows as 
criteria, or for the 4 cfsm, 0.5 cfsm, and 1.0 
cfsm criteria (although the latter approximate the 
average median monthly flows 1n 47 New England 
streams described 1n an attachment to the source 
document). Consequently, the method appears to be 
arbitrary.

Published Enhancements to the Method: None found.



Methodology: LAYHER AND MAUGHAN'S SPOTTED BASS HSI MODEL

Type of Method: CONCEPTUAL USING BASIN, STRUCTURAL, PHYSICAL, AND CHEMICAL VARIABLES

Equation: HSI * (V^ * V£ * Y3 )

HSI * Habitat Suitability Index 
Y^ = Suitability Index for stream gradient
V2 * Suitability Index for substrate 
V3 » Suitability Index for water temperature

Correlation Coefficient: Rr<0.10, not significant

Source Documentation: Layher, W.6 . and O.E.
Maughan. In preparation. Analysis and refinement 
of habitat suitability Index models for eight 
warmwater fish species. IN (J.W. Terrel, ed.) 
Proceedings Workshop on Fish Habitat Suitability 
Models. U.S. Fish and Wildlife Service, FWS/OBS- 
84. (IN preparation.)

Objective: To devise and test a habitat
suitability model for spotted bass.

Level of Effort: Low

Model Development: The choice of variables and 
shape of suitability curves is not explained. For 
some reason, the authors did not use the 8 SI 
curves previously developed by them (Layher 1983). 
The model Itself 1s simply (and arbitrarily) the 
geometric mean of the SI values for the three 
Input variables.

Basic Assumptions: No formal selection procedure 
was used for variables, so 1t must be assumed they 
are the correct choice. Neither 1s there any 
explanation of the shape of the SI curves. The 
method of aggregation 1s completely arbitrary, and 
assumes equal weighting of the variables as well 
as appropriate scaling.

Limitations and Constraints: No evidence of
validity.

Relationship to Other Methods: Similar to the FWS 
HEP/HSI models.

Quality of the Documentation: Minimal. The bulk 
of the paper is devoted to Layher1s thesis 
(Layher, 1983), and no scatter diagram of the 
result 1s available.

Experimental Tests of the Method: This paper 1s a 
test of its own HSI method, although there is very 
little linear correlation between the HSI and 
standing crop.

Published Enhancements to the Method: None found.

Critical Revleu of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although the authors report 
very low linear correlation between HSI and 
standing crop, they provide a figure which shows a 
clear non-Hnear relationship (but no Indication 
of variance 1s shown). It can be assumed that the 
model as shown 1s not a good predictor of standing 
crop.



Methodology: LAYHER'S WHITE CRAPPIE REGRESSION MODEL

Type of Method: EMPIRICAL USING PHYSICAL AND CHEMICAL VARIABLES

Equation: SC * 250.91 + 15.34V^ + 32.69V2 -265.0 2Y3 +

[Note: All variables are transformed Into dimen
sionless suitability Indices (0-1 ) prior to con
struction of the regression model]

SC * Standing Crop (kg * ha~l) obtained by mark 
and recapture, with seining as the first 
collection method 

* nitrate (mg * 1**)
^2 * phosphates (mg * 1~*)
V3 * pH 
V4 » turbidity

Correlation Coefficient: R2 * 0.99, N * 14

Source Documentation: Layher, W.G. 1983. Habitat 
suitability for selected adult fishes 1n prairie 
streams. Unpublished Doctoral Dissertation, 
Oklahoma State University. 333 pp.

Objective: To determine relationships between
Individual abiotic factors and biomass of fish 
populations.

Level of Effort: Moderate. Not many data are 
required.

Model Development: Layher used a data set
collected at 420 sample sites 1n 16 Kansas river 
basins. Thirty physical variables were sampled. 
Standing crop was not strongly correlated with any 
of the variables, so the raw habitat data were 
transformed Into suitability Indices using a 
simple curve fitting technique: the range of each 
variable (e.g., water temperature ranged from 1 2* 
40°C) was subdivided Into subranges (e.g., 12-
16°C, 16-20°C, etc.), and the mean standing crop
(kg*ha*l) was calculated for each subrange. The 
mean values were then normalized to 1 . 0  (by divid
ing all means by the largest mean) and plotted as 
a vertical bar chart. A curve was then fit to the 
means by eye,and this became the suitability Index 
(SI). The result of producing this type of SI was 
to smooth and or linearize the relationship 
between each variable and standing crop. Stepwise 
multiple regression was then done between subsets 
of standing crop (based on various techniques for 
estimating 1t used In collecting the original data 
set) and the SI. Each subset resulted 1n a 
different selection of variables and a different 
value for the parameter.

Basic Assumptions: That it 1s appropriate to 
develop SI curves using the entire data set and 
then apply them to subsets of the data.

7.76Y4

Limitations and Constraints: The equation shown 
cannot be used other than 1n Kansas streams, and 
Its validity has not been tested there. A 
similarly derived s1te-spec1f1c equation may be 
useful, however.

Relationship to Other Methods: This 1s an exten
sion of the FWS HEP/HQI methodology. The SI 
curves are empirically derived from standing crop 
data rather than from presumed habitat suita
bility, as 1n the HEP models, or from frequency of 
occurrence (as 1n the IFIM/HABTAT model). The use 
of multiple linear regression with these SI values 
versus standing crop 1s similar to B1nns and 
Elserman (1979).

Quality of the Documentation: Lacking specifics 
on techniques for selecting variables and the 
rationale for specific SI curve building tech
nique. Descriptive statistics on the original 
data set were also omitted.

Experimental Tests of the Method: Layher tested 
1t himself as part of the study, trying 1t out on 
Oklahoma streams. The Oklahoma equations did not 
produce significant correlations, but when Kansas 
Si's were applied to Oklahoma data and multiple 
linear regressions were run, an Insignificant R^ 
usually resulted.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This model 1s useful princi
pally in identifying the variables correlated with 
standing crop. Flow-related variables (Including 
depth and velocity) were Included 1n the model 
building trials, but did not Increase the strength 
of the regression. Transformation of the Indepen
dent variables to linearized SI curves appears to 
be a powerful technique for conditioning otherwise 
nonlinear data prior to fitting regression equa
tion.



Methodology: LAYHER'S CHANNEL CATFISH REGRESSION MODEL

Type of Method: EMPIRICAL USING BASIN, STRUCTURAL, OTHER PHYSICAL, AND CHEMICAL VARIABLES

Equation: SC » 47.46 -2.06V! -7.65V2 -42.07V3

[Note: All variables are transformed Into dimen
sionless suitability indices (0-1) prior to con
struction of the regression model]

SC * Standing Crop (kg * ha*1) obtained by 
seining and shocking 

Vi * PH 
V 2 * % pools 
V3 * gradient (m * km*1)

Correlation Coefficient: R̂  * 0.99

Source Documentation: Layher, U.G. 1983. Habitat 
Suitability for Selected Adult Fishes in Prairie 
Streams. Unpublished doctoral dissertation, 
Oklahoma State University. 333 pp.

Objective: To determine relationships between
Individual abiotic factors and biomass of fish 
populations.

Level of Effort: Moderate. Not many data are 
required.

Model Development: Layher used a data set
collected at 420 sample sites in 16 Kansas river 
basins. Thirty physical variables were sampled. 
Standing crop was not strongly correlated with any 
of the variables, so the raw habitat data were 
transformed into suitability indices using a 
simple curve fitting technique: The range of each 
variable (e.g., water temperature ranged from 1 2- 
40°C) was subdivided into subranges (e.g., 12-
16°C, 16-20°C, etc.), and the mean standing crop
(kg^ha*1) was calculated for each subrange. The 
mean values were then normalized to 1 . 0  (by 
dividing all means by the largest mean) and 
plotted as a vertical bar chart. A curve was then 
fit to the means by eye,and this became the 
suitability index (SI). The result of producing 
this type of SI was to smooth and linearize the 
relationship between each variable and standing 
crop. Stepwise multiple regression was then done 
between subsets of standing crop (based on various 
techniques for estimating it used in collecting 
the original data set) and the SI. Each subset 
resulted in a different selection of variables and 
different values for the parameters.

Basic Assumptions: That it is appropriate to 
develop SI curves using the entire data set and 
then apply them to subsets of the data.

Limitations and Constraints: The equation shown 
cannot be used other than in Kansas streams, and 
Its validity has not been tested there. A 
similarly derived site-specific equation may be 
useful, however.

Relationship to Other Methods: This 1s an
extension of the FWS HEP/HQI methodology. The SI 
curves are empirically derived from standing crop 
data rather than from presumed habitat suitability 
as in the HEP models or frequency of occurrence 
(as in the IFIM/HABTAT model). The use of
multiple linear regression with these SI values 
versus standing crop is similar to Binns and 
Eiserman (1979).

Quality of the Documentation: Lacking specifics 
on the techniques used for selecting variables and 
the rationale for specific SI curve building tech
nique. Descriptive statistics on the original 
data set were also omitted.

Experimental Tests of the Method: Layher tested 
1t himself as part of the study, trying it out on 
Oklahoma streams. The Oklahoma equations did not 
produce significant correlations, and when Kansas 
Si's were applied to Oklahoma data and multiple 
linear regressions were run, an insignificant R^ 
usually resulted.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This model is useful princi
pally in identifying the variables correlated with 
standing crop. Flow-related variables (including 
depth and velocity) were included in the model 
building trials, but did not increase the strength 
of the regression. Transformation of the indepen
dent variables to linearized SI curves appears to 
be a powerful technique for conditioning otherwise 
nonlinear data prior to fitting regression equa
tion.



Methodology: LAYHER'S LARGEMOUTH BASS REGRESSION MOOEL

Type of Method: EMPIRICAL USING PHYSICAL AND CHEMICAL VARIABLES

Equation: SCj . n.62 + 36.31V!
SC2 » 27.29 + 164.44V2 + 25.83V3 - 148.05V4

[Note: All variables are transformed into dimen
sionless suitability Indices (0 -1) prior to con
struction of the regression model]

SCj * Standing crop (kg*ha_1) obtained by seining 
and shocking technique

SC2 " Standing crop dcg*ha_1) obtained by seining 
only

Yx - pH
^2 ■ conductivity (micromho * cm"*)
V3 * phosphates (mg * 1 **)
V4 - turbidity (JTU)

Correlation Coefficient: SC^: r2 « 0.90» N * 14
SC22 * 2 • 0.90, N « 13

Source Documentation: Layher, W.6 . 1983. Habitat 
Suitability for Selected Adult Fishes 1n Prairie 
Streams. Unpublished doctoral dissertation, 
Oklahoma State University. 333 pp.

Objective: To determine relationships between
Individual abiotic factors and biomass of fish 
populations.

Level of Effort: Moderate. Few data required.

Model Development: Layher used a data set
collected at 420 sample sites 1n 16 Kansas river 
basins. Thirty physical variables were sampled. 
Standing crop was not strongly correlated with any 
of the variables, so the raw habitat data were 
transformed Into suitability Indices using a 
simple curve fitting technique: the range of each 
variable (e.g., water temperature ranged from 1 2- 
40°C) was subdivided Into subranges (e.g., 12-
16°C, 16-20°C, etc.), and the mean standing crop
(kg*ha~*) was calculated for each subrange. The 
mean values were then normalized to 1 . 0  (by 
dividing all means by the largest mean) and 
plotted as a vertical bar chart. A curve was then 
fitted to the means by eye, and this became the 
suitability Index (SI). The result of producing 
this type of SI was to smooth and linearize the 
relationship between each variable and standing 
crop. Stepwise multiple regression was then done 
between subsets of standing crop (based on various 
techniques for estimating it used in collecting 
the original data set) and the SI. Each subset 
resulted in a different selection of variables and 
a different value for the parameter.

Basic Assumptions: That 1t 1s appropriate to 
develop SI curves using the entire data set and 
then apply them to subsets of the data.

Limitations and Constraints: The equation shown 
cannot be used other than 1n Kansas streams, and 
Its validity has not been tested there. A 
similarly derived s1te-spec1f1c equation may be 
useful, however.

Relationship to Other Methods: This 1s an
extension of the FWS HEP/HQI methodology. The SI 
curves are empirically derived from standing crop 
data rather than from presumed habitat suitability 
as 1n the HEP models or frequency of occurrence 
(as 1n the IFIM/HABTAT model). The use of 
multiple linear regression with these SI values 
versus standing crop 1s similar to B1nns and 
Elserman (1979).

Quality of the Documentation: Lacking specifics 
on techniques for selecting variables, and
rationale for specific SI curve building
technique. Descriptive statistics on the original 
data set were also omitted.

Experimental Tests of the Method: Layher tested 
1t himself as part of the study, trying 1t out on 
Oklahoma streams. The Oklahoma equations did not 
produce significant correlations, and when Kansas 
Si's were applied to Oklahoma data and multiple 
linear regressions were run, an Insignificant R2 

usually resulted.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This model 1s useful princi
pally in Identifying the variables correlated with 
standing crop. Flow-related variables (Including 
depth and velocity) were Included 1n the model 
building trials, but did not Increase the strength 
of the regression. Transformation of the Indepen
dent variables to linearized SI curves appears to 
be a powerful technique for conditioning otherwise 
nonlinear data prior to fitting regression equa
tion.



Methodology: LAYHER'S SLENDERHEAO DARTER REGRESSION MODEL

Type of Method: EMPIRICAL USING BASIN, STRUCTURAL, PHYSICAL, AND CHEMICAL VARIABLES

Equation: SC * -1.44 + 6 .8 8 Y1 + 0.83Y2 + I.3 4V3

[Note: All variables are transformed Into dimen
sionless suitability Indices (0-1) prior to con
struction of the regression model]

SC * standing crop (kg*ha~l) obtained by mark and 
recapture using kill technique 

Vi * calcium hardness (mg*l~*)
V2 * maximum width (m)
V3 « % riffle

Correlation Coefficient: R2 * 0.943

Source Documentation: Layher, W.G. 1983. Habitat 
Suitability for Selected Adult Fishes in Prairie 
streams. Unpublished doctoral dissertation, 
Oklahoma State University. 333 pp.

Objective: To determine relationships between
individual abiotic factors and biomass of fish 
populations.

Level of Effort: Moderate. Not many data are 
required.

Model Development: Layher used a data set col
lected at 420 sample sites in 16 Kansas river 
basins. Thirty physical variables were sampled. 
Standing crop was not strongly correlated with any 
of the variables, so the raw habitat data were 
transformed into suitability indices using a sim
ple curve fitting technique: the range of each 
variable (e.g., water temperature ranged from 1 2- 
40°C) was subdivided into subranges (e.g., 12-
16°C, 16-20°C, etc.), and the mean standing crop
(kg*ha~l) was calculated for each subrange. The 
mean values were then normalized to 1 . 0  (by divid
ing all means by the largest mean) and plotted as 
a vertical bar chart. A curve was then fitted to 
the means by eye, and this became the suitability 
index (SI). The result of producing this type of 
SI was to smooth and linearize the relationship 
between each variable and standing crop. Stepwise 
multiple regression was then done between subsets 
of standing crop (based on various techniques for 
estimating it used in collecting the original data 
set) and the SI. Each subset resulted in a dif
ferent selection of variables and different values 
for the parameters.

Basic Assumptions: That it is appropriate to 
develop SI curves using the entire data set and 
then apply them to subsets of the data.

Limitations and Constraints: The equation shown 
cannot be used other than in Kansas streams, and 
its validity has not been tested there. A 
similarly derived site-specific equation may be 
useful, however.

Relationship to Other Methods: This is an
extension of the FWS HEP/HQI methodology. The SI 
curves are empirically derived from standing crop 
data rather than from presumed habitat suitability 
as 1n the HEP models or frequency of occurrence 
(as in the IFIM/HABTAT model). The use of mul
tiple linear regression with these SI values 
versus standing crop is similar to Binns and 
Eiserman (1979).

Quality of the Documentation: Lacking specifics 
on techniques for selecting variables, and
rationale for specific SI curve building
technique. Descriptive statistics on the original 
data set were also omitted.

Experimental Tests of the Method: Layher tested 
it himself as part of the study, trying it out on 
Oklahoma streams. The Oklahoma equations did not 
produce significant correlations, and when Kansas 
Si's were applied to Oklahoma data and multiple 
linear regressions were run, an insignificant R2 

usually resulted.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This model is useful princi
pally in identifying the variables correlated with 
standing crop. Flow-related variables (including 
depth and velocity) were included in the model 
building trials, but did not increase the strength 
of the regression. Transformation of the indepen
dent variables to linearized SI curves appears to 
be a powerful technique for conditioning otherwise 
nonlinear data prior to fitting regression equa
tion.



Methodology: LAYHER*S 0RAN6ETHR0AT DARTER REGRESSION MODEL

Type of Method: EMPIRICAL USING STRUCTURAL, PHYSICAL, AND CHEMICAL VARIABLES

Equation: SC - -13.40 -2.75VX -7.04Y2 + 10.37V3 -4.47Y4 ♦ 20.64Y5

[Note: All variables are transformed Into dimen
sionless suitability Indices (0-1) prior to con
struction of the regression model]

SC * standing crop (kg*ha"l) obtained by seining 
Vi * calcium hardness (mg * 1 "*)
V2 * 1 pools
V2 * sulfates (mg*!"*)
V4 - total alkalinity (mg*!*1)
Y5 * temperature (°C)

Correlation Coefficient: R^ * 0.97 between the 
variables used to formulate the model and the 
standing crop used to formulate it.

Source Documentation: Layher, W.G. 1983. Habitat 
Suitability for Selected Adult Fishes in Prairie 
Streams. Unpublished doctoral dissertation, 
Oklahoma State University. 333 pp.

Objective: To determine relationships between
individual abiotic factors and biomass of fish 
populations.

Level of Effort: Moderate. Not many data are 
required.

Model Development: Layher used a data set col
lected at 420 sample sites in 16 Kansas river 
basins. Thirty physical variables were sampled. 
Standing crop was not strongly correlated with any 
of the variables, so the raw habitat data were 
transformed into suitability indices using a sim
ple curve fitting technique: the range of each 
variable (e.g., water temperature ranged from 1 2- 
40°C) was subdivided into subranges (e.g., 12-
16°C, 16-20°C, etc.), and the mean standing crop
(kg*ha~*) was calculated for each subrange. The 
mean values were then normalized to 1 . 0  (by divid
ing all means by the largest mean) and plotted as 
a vertical bar chart. A curve was then fitted to 
the means by eye, and this became the suitability 
index (SI). The result of producing this type of 
SI was to smooth and linearize the relationship 
between each variable and standing crop. Stepwise 
multiple regression was then done between subsets 
of standing crop (based on various techniques for 
estimating it used in collecting the original data 
set) and the SI. Each subset resulted in a dif
ferent selection of variables and different values 
for the parameters.

Basic Assumptions: That it is appropriate to 
develop SI curves using the entire data set and 
then apply them to subsets of the data.

Limitations and Constraints: The equation shown 
cannot be used other than in Kansas streams, and 
its validity has not been tested there. A 
similarly derived site-specific equation may be 
useful, however.

Relationship to Other Methods: This is an
extension of the FWS HEP/HQI methodology. The SI 
curves are empirically derived from standing crop 
data rather than from presumed habitat suitability 
as in the HEP models or frequency of occurrence 
(as in the IFIM/HABTAT model). The use of 
multiple linear regression with these SI values 
versus standing crop is similar to Binns and 
Elserman (1979).

Quality of the Documentation: Lacking specifics 
on techniques for selecting variables, and
rationale for specific SI curve building
technique. Descriptive statistics on the original 
data set were also omitted.

Experimental Tests of the Method: Layher tested 
it himself as part of the study, trying it out on 
Oklahoma streams. The Oklahoma equations did not 
produce significant correlations, and when Kansas 
Si's were applied to Oklahoma data and multiple 
linear regressions were run, an insignificant R^ 
usually resulted.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This model is useful princi
pally in identifying the variables correlated with 
standing crop. Flow-related variables (including 
depth and velocity) were included in the model 
building trials, but did not increase the strength 
of the regression. Transformation of the indepen
dent variables to linearized SI curves appears to 
be a powerful technique for conditioning otherwise 
nonlinear data prior to fitting regression equa
tions.



Methodology: LAYHER'S CENTRAL STONEROLLER REGRESSION MODEL

Type of Method: EMPIRICAL USING HYDRAULIC, STRUCTURAL, AND OTHER PHYSICAL AND CHEMICAL VARIABLES 

Equation: SC » 73.91 ♦ 158.27Y1 + 7 2 .OIV2 ♦ 7 .4 4V3 + I8 .5 9V4

[Note: All variables are transformed Into 
dimensionless suitability Indices (0-1 ) prior to 
construction of the regression model]

SC * Standing Crop (kg * ha"*) obtained by 
marking using seining and recapture using 
shocking

* mean width (m)

* magnesium hardness (mg * 1**)
V3 » PH
V4 * l run
V 5 * sulfates (mg * l"*)

Correlation Coefficient: R2 * 0.90 between the 
variables used to formulate the model and the 
standing crop used to formulate 1t.

Source Documentation: Layher, W.G. 1983. Habitat 
Suitability for Selected Adult Fishes in Prairie 
Streams. Unpublished doctoral dissertation, 
Oklahoma State University. 333 pp.

Objective: To determine relationships between
Individual abiotic factors and biomass of fish 
populations.

Level of Effort: Moderate. Not many data are 
required.

Model Development: Layher used a data set col
lected at 420 sample sites 1n 16 Kansas river 
basins. Thirty physical variables were sampled. 
Standing crop was not strongly correlated with any 
of the variables, so the raw habitat data were 
transformed Into suitability Indices using a sim
ple curve fitting technique: the range of each 
variable (e.g., water temperature ranged from 1 2- 
40°C) was subdivided Into subranges (e.g., 12-
16°C, 16-20°C, etc.), and the mean standing crop
(kg*ha-1) was calculated for each subrange. The 
mean values were then normalized to 1 . 0  (by divid
ing all means by the largest mean) and plotted as 
a vertical bar chart. A curve was then fited to 
the means by eye, and this became the suitability 
index (SI). The result of producing this type of 
SI was to smooth and linearize the relationship 
between each variable and standing crop. Stepwise 
multiple regression was then done between subsets 
of standing crop (based on various techniques for 
estimating it used in collecting the original data 
set) and the SI. Each subset resulted 1n a dif
ferent selection of variables and different values 
for the parameters.

Basic Assumptions: That 1t 1s appropriate to 
develop SI curves using the entire data set and 
then apply them to subsets of the data.

Limitations and Constraints: The equation shown 
cannot be used other than 1n Kansas streams, and 
Its validity has not been tested there. A 
similarly derived site-specific equation may be 
useful, however.

Relationship to Other Methods: This 1s an
extension of the FWS HEP/HQI methodology. The SI 
curves are empirically derived from standing crop 
data rather than from presumed habitat suitability 
as 1n the HEP models or frequency of occurrence 
(as 1n the IFIM/HABTAT model). The use of 
multiple linear regression with these SI values 
versus standing crop 1s similar to B1nns and 
Elserman (1979).

Quality of the Documentation: Lacking specifics 
on techniques for selecting variables, and
rationale for specific SI curve building
technique. Descriptive statistics on the original 
data set were also omitted.

Experimental Tests of the Method: Layher tested 
1t himself as part of the study, trying 1t out on 
Oklahoma streams. The Oklahoma equations did not 
produce significant correlations, and when Kansas 
Si's were applied to Oklahoma data and multiple 
linear regressions were run, an Insignificant R2 

usually resulted.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This model 1s useful princi
pally in Identifying the variables correlated with 
standing crop. Flow-related variables (including 
depth and velocity) were Included 1n the model 
building trials, but did not Increase the strength 
of the regression. Transformation of the indepen
dent variables to linearized SI curves appears to 
be a powerful technique for conditioning otherwise 
nonlinear data prior to fitting regression 
equations.



Methodology: LI, SCHRECK AND RODNICK'S CUTTHROAT TROUT DISCRIMINANT HABITAT ANALYSIS

Type of Method: EMPIRICAL HYDRAULIC, PHYSICAL, AND CHEMICAL VARIABLES

Equation: C * Cq + Ĉ V̂  ♦ ̂ 2̂ 2 + C3V3 * C4V4 + C5V5 * CßVg * C7V7 * 8̂̂ 8

C * the classification score 
Ĉ  to Cg » the classification function coeffi

cients for the Variables V^-Vg
V^ * X sand
V2 » % boulders (30-91 cm)
Y3 * X pools

4
V5
V6
V7V0

X cobble (15-30 cm) 
coho density (#/m2 ) / b e

c0
C1c2
C3c4
C5
c6
C7
Co

9 pool area (m^)
m gradient (X)
at velocity (cm/s)

>upi 1 2 3
No Trout <0 . 5  maximum >0.5 maximum
Present Standing Crop Standing Crop

s 0.535 0.593 1.089
a 0.343 0.375 0.810
9 -.068 -0.05 -0.19
m 0.183 0.225 0.279
m 119.8 131.1 224.1
9 -0.06 -0.07 -0.14
9 4.166 4.315 6.904
9 0.050 0.538 -0.03
9 -16.9 -20.7 -43.9

[For a given site, C 1s calculated using each of 
the 3 groups of classification function coeffi
cients and the site 1s assigned to the group for 
which the value of C 1s highest]

Correlation Coefficient: This method resulted 1n 
79X of the locations correctly classified (roughly 
comparable to an r2 of 0 ,7 9 ).

Group 2, having some but fewer than half the 
maximum density, or Group 3, having half or more 
than the maximum density. A stepwise discriminant 
analysis was then used to select a subset of the 
variables available, and to calculate and rank the 
discriminant function coefficients.

Basic Assumptions: The distribution of the 
population 1s multivariate normal, the components 
have linear relationships, the samples are 
representative of the total population, and all 
expected variance-covariance matrices of the 
population sampled are equal.

Internal Error Checking: None

Limitations and Constraints: The discriminant 
function coefficients and choice of variables are 
apparently stream-specific, and so must be calcu
lated for the stream 1n question. Also, the 
resulting classification 1s not very Informative 
when only three groups are used (though this 1s 
not an Inherent limitation of the technique).

Relationship to Other Methods: The principal 
component analysis approach used by Bain and Finn 
(unpublished)•

Quality of the Documentation: All coefficients 
are listed, but the raw data for standing crop are 
not displayed, and only the ranges of the variables 
are presented. The paper assumes that a standard 
computer statistical package will be used and does 
not describe the discriminant analysis technique.

Source Documentation: Li, H., C.B. Schreck, and 
K. Rodnick. 1984. Assessment of habitat quality 
models for cutthroat trout and coho salmon for 
Oregon's coastal streams. (In J. Terrell, ed.) 
Proceedings: Workshop on Fish Habitat Suitability 
Index Models. U.S. Fish and Wildlife Service 
FWS/OBS-84/xx. (Draft.)

Objective: To be able to classify habitats as to 
their potential for cutthroat trout production 
based on physical and biological characteristics.

Level of Effort: Moderate to high. The values of 
the variables must be measured In the field, and a 
response variable (such as standing crop) must 
also be measured to develop the coefficients.

Model Development: Standing crops were scaled 
from 0 - 1  by dividing by the maximum population 
size in the stream. Each of the 46 sites was then 
classified as Group 1, having no cutthroat trout,

Experimental Tests of the Method: The source 
document only.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: The general approach used here 
(similar to cluster analysis, principal component 
analysis and pattern recognition) is likely to 
gain increasing importance in classifying habi
tats. It may eventually provide information on 
specific thresholds for instream flow releases 
and, being empirically derived, is much more 
likely to produce accurate predictions than purely 
conceptual models. Interestingly, this particular 
model shows that the only flow-related variable 
(velocity) is also the least important one.



Methodology: MC MAHON'S FUS/HSI COHO SALMON HABITAT SUITABILITY INDEX MODEL

Type of Method: CONCEPTUAL USIN6 BIOLOGICALLY WEIGHTED STRUCTURAL, BIOLOGICAL, PHYSICAL, AND CHEMICAL 
VARIABLES

Equation: HSI » lowest value of Vlt y2, V3 , V4, V5, V6, V7, V8 , V9, V10, Vn , Vi2, V13, V14, V15

[Note: All values are transformed and scaled from 
0 - 1  before being used 1n the model]

HSI * Habitat Suitability Index
* maximum temperature (°C) during upstream 
migration

V2 * minimum dissolved oxygen (mg*l *) during
upstream migration

V3 » maximum temperature (°C) from spawning to 
emergence of fry

V4 * minimum dissolved oxygen (mg*l *) to
emergence of fry

Y5 * substrate composition (X) in riffle/run 
areas

Vg * maximum temperature (°C) during rearing 
V7 * minimum dissolved oxygen (mg*l~*) during

rearing
Vg * % vegetation canopy over rearing stream 
Yg * vegetation Index of riparian zone during

summer
VlO = X pools during summer low flow period 
Yj^ * X pools during summer that are 10-80 m^ or 

50-250 m2 and have sufficient canopy to 
provide shade

V12 * X instream and bank cover during summer 
V13 * * of total area consisting of quiet 

backwater and > 45 cm deep pools with dense 
cover or deeply undercut banks during winter 

V14 • maximum temperature (°C) during winter In 
rearing streams and spring-summer in streams 
where seaward migration of smolt occurs 

V15 * minimum dissolved oxygen (mg*l"M during 
April-July in streams where seaward migra
tion occurs

Correlation Coefficient: r * -0.19, -0.21, and -
0.07 between HSI and standing crop for the 
interactive limiting factor approach, lowest 
suitability index approach, and average value 
methods respectively (Li and Schreck 1984).

Source Documentation: McMahon, T.E. 1983. 
Habitat Suitability Index Models: Coho Salmon. 
U.S. Fish and Wildlife Service. FWS/0BS-82/10.49. 
29 pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, Including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation 1s not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
selection of the minimum value of all Si's used is 
appropriate. For any predictive use it must be 
assumed also that there is some relationship 
between HSI and fish production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) 1s indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
B1nns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: L1 and Schreck 
(1984) showed very weak negative correlation 
between this HSI and standing crop.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing, transform
ing, scaling, and combining variables, and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose. The only empirical test of it shows 
extremely poor, negative correlation between the 
HSI and standing crop.



Methodology: MC MAHON'S FWS/HSI CREEK CHUB RIVERINE MOOEL

Type of Method: CONCEPTUAL USIN6 BIOLOGICALLY WEIGHTED HYDRAULIC, STRUCTURAL, AND OTHER PHYSICAL AND 
CHEMICAL VARIABLES

Eqeatlon: HSI - [(Vj * v2 * V3 * V4 * V1 3 * V1 8 ) l / 6  * (V5 ♦ V6 + V2 0 ) / 3  * (V7 * V8 * V u  * V12 *

VW ) ° - 2 * (Vg + V1 0 ) / 2 * (V14 * V16 * V16 * V1 7 2 ) 0 *2 ] 0 *2

[Note: All values are transformed and scaled from 
0 - 1  before being used 1n the model]

HSI * Habitat Suitability Index 
V} * X pools during mean summer flow 
V2 » dominant (>50%) pool class rating during 

mean summer flow 
V3 » % pool cover during summer 
Y4 * winter Instream cover (Yj * V2 * Y3 ) j H ) . 2  

or 1 .0 , whichever 1s smaller 
Yg * stream gradient (m * km*1)
V6 - mean stream width (m) during mean summer 

flow
V7 * mean maximum monthly turbidity (JTU)
Vg * yearly pH levels

Vg » vegetation Index (X)
VlO ” food production potential of substrate type 

(X)

Vji * mean summer water temperature (°C)
Y12 * minimum dissolved oxygen level (mg * l*1)

during summer
V^3 * mean velocity (cm * sec*1) during summer 
Y ^  * mean water temperature (°C) during spring 
V15 » minimum dissolved oxygen levels (mg * l*1) 

during spring
V16 - mean velocity (cm * sec’1) 1n riffles during 

April-June
V17 a substrate type (X) in riffles during 

spawning
V18 » velocity (cm * sec*1) during mean summer 

flow
V^g « mean midsummer shading (X) between 1,000 and 

1,500 hours
V2o > mean maximum depth (m) during mean summer 

flow

Correlation Coefficient: None found.

Source Documentation: McMahon, T.E. 1982.
Habitat Suitability Index Models: Creek Chub. US 
Fish and Wildlife Service. FWS/0BS-82/10.4. 23
pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation 1s not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any
predictive use 1t must be assumed also that there
is some relationship between HSI and creek chub 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables 1s similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: MILHOUSE ET AL.'S IFG4 MODEL

Type of Method: CONCEPTUAL USING HYORAULIC VARIABLES

n

Equation: S * aQb ; v-i * cQ^; Q< * , Q * £  w^ * d^ * v<|
1«1

S = stage of the cross section
Q * total discharge 1n a cross section
gi « discharge 1n the 1th cell along a transect

^  * width of the 1th cell along a transect 
d.| * depth of the 1th cell along a transect
v«l * mean velocity of the 1th cell along a 

transect
* stage-stage of zero flow at the 1th cell 

along a transect
a,b,c,d * linear regression coefficients

Correlation Coefficient: None found•

Source Documentation: M11house, R.T., D.L. Weg
ner, and T. Waddle, 1984. Users Guide to the 
Physical Habitat Simulation System (PHABSIM). 
Instream Flow Information Paper 11. FWS/OBS- 
81/43. Revised January 1984. U.S. Fish and Wild
life Service.

Objective: To predict depths and mean column
velocities at fixed locations on a transect across 
a stream as functions of discharge, specifically 
for use 1n the HABTAT model.

Level of Effort: High. Depths and velocities 
must be measured at at least 20 points along each 
transect of Interest at at least three discharges.

Model Development: Fixed measurement points are 
established along one or more transects placed 
across a stream. Mean column velocity and stream 
stage (from which depth 1s determined by subtract
ing measured bed elevations) are measured at each 
point for three or more flows. Total discharge, 
Q, through each transect Is calculated from mea
sured velocities and cell widths and computed cell 
depths. The three Q's regressed against the cor
responding cross sectional stages, S, and cell 
velocities, v^* As a check on the reasonableness 
of the calculated discharge, stage 1s also regres
sed on a "known" Q (obtained from a gauge, or 
determined empirically from data collected at an 
easily measured hydraulic control station). Then, 
for a given simulation Q, stage 1s determined from 
the stage versus "known" Q regression. This value 
of stage 1s then applied to the stage versus 
"calculated" Q regression to arrive at a corrected 
Q for the transect which is used in the velocity 
versus Q regression to calculate a velocity for 
each transect cell for that simulated flow. At 
this point a series of velocities and depths have 
been predicted for a given simulation Q. A check 
of the reasonableness of the simulated values, and 
a corresponding correction factor are then applied 
to the data. This is achieved by computing Q from

the predicted velocity and depth values and com
paring 1t to the corrected Q, not the simulation 
Q. If there 1s a difference between these two
values of Q, the velocities for each cell are
adjusted by a coefficient sufficient to make the 
values equal, the Velocity Adjustment Factor
(YAF), which serves 1n this model as an error
statistic. This 1s done for each Q of Interest, 
so there are as many YAF's as there are simulated 
Q*s. The further from unity the YAF, the less 
correspondence there is between the regression of 
stage on "known" and simulated Q's. At each simu
lation discharge, depths and velocities (D^ and 
U^) are output, and these data are the principal 
output of the IFG4 model•

Basic Assumptions: That the power function
relationship between stage and discharge and 
velocity and discharge are appropriate, and that 
the corrective technique of using Velocity 
Adjustment Factors 1s reasonable.

Limitations and Constraints: Like all hydraulic 
models, the more complex and steep the bed, turbu
lent the flow, and shallow the water, the less 
likely the model 1s to produce accurate simula
tions. This model 1s laudable 1n that 1t provides 
several Internal checks to evaluate the quality of 
the simulation.

Relationship to Other Methods: None found.

Quality of the Documentation: No justification 
for the goodness-of-f1t statistics (YAF's and 
YPE's) or for their use as correction factors or 
criteria for acceptability of extrapolation.

Experimental Tests of the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: Hllgert 
(1981) and especially Butler (1979) ran identical 
data through the IFG4 and WSP models and got quite 
different results, but did not attempt to 
determine which was correct.

Critical Opinion: This is a novel approach to 
hydraulic modeling in that it is largely empirical 
(at least in the determination of parameter 
values, if not 1n selection of the form of the 
regression equation), whereas most hydraulic 
models are based on the Bernoulli and Manning's 
equations. It is surprising to us that no tests 
of the validity of this model have shown up in the 
1 iterature.



Methodology: MILHOUSE ET AL.'S FWS HABTAT MODEL (PART OF THE FWS IFIM PHABSIM MODEL)

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC ANO STRUCTURAL VARIABLES

n
Equation: WUA - fy (V1) * fd (di) * fs (Si) * A1

WUA * Weighted Usable Area (ft2)
* the velocity 1n cell 1
* the depth 1n cell 1

si « a  coded value for substrate or cover 
fv * a transformation function transforming v-f 

a value of 0 - 1

fd * a transformation function transforming dj to 
a value of 0 - 1

f$ * a transformation function transforming ŝ  to 
a value of 0 - 1

» the surface area represented 1n the stream 
by the 1th cell

Correlation Coefficient: Variable. See Chapter
6.
Source Documentation: Milhous, R.J., D.C. Wegner
and T. Waddle. 1984. Users Guide to the Physical 
Habitat Simulation System (PHABSIM). Instream 
Flow Information Paper 11. FWS/OBS-81/43.
Revised. January 1984. U.S. Fish and Wildlife 
Service.

Objective: To produce a functional relationship
between a habitat Index (WUA) and discharge for 
use 1n determining appropriate Instream flows.

Level of Effort: Low, once the functional
relationship between flow and depth and mean velo
city at cells along cross-stream transects 1s 
obtained, either from direct observation or from 
the WSP or IFG4 hydraulic simulation models.

Model Development: The transformation curves 
(suitability Indexes) for depth, velocity, and 
substrate are obtained by observing the depths, 
velocities, and substrate types utilized by fish 
in the field and establishing frequency histograms 
(usually with a curve fit to them, though there is 
no standard technique) with the dependent variable 
(suitability) scaled from 0-1 .

Basic Assumptions: This model 1s based on the 
premises that changes 1n velocity, depth, and sub
strate (or cover) are adequate to describe the 
effects of flow on fish habitat, that the value of 
fish habitat can be determined by observing the 
frequency with which various velocities, depths, 
and substrates are used (or as a refinement, are 
preferred), and that the appropriate way of aggre
gating the transformed input variables 1s the one 
shown. A more subtle assumption is that large

amounts of suboptlmal habitat are as good as small 
amounts of good habitat.

Limitations and Constraints: The model simply] 
produces plots of WUA versus discharge, but does 
not Inherently Indicate what might be the appro
priate flows. Studies are beginning to appear 
which show that some forms of the WUA Index (for 
example, for Incubation occurring under minimum 
annual flow conditions) are more strongly corre
lated with standing crop than others, but there 
are as yet very few data.

Relationship to Other Methods: This model appears 
to be a direct descendent of the Waters (1976) 
Method, with the principle Improvements being that 
the transformation functions are determined 
(Ideally) from field observation of habitat utili
zation rather than from a review of the litera
ture, and the output 1s usually expressed as a 
function of discharge by using hydraulic data from 
a range of discharges. The transformation curves 
are similar to those used in the FWS HSI models 
and, as 1n the HSI models, the aggregation tech
nique for the transformed variables is arbitrary.

Quality of the Documentation: Documented 1n
several FWS Instream Flow Information papers.

Experimental Tests of the Method: Loar et al. 
1985, Cada et al. 1983, Kevern and Gowan 1983, 
Wesche 1980, Orth and Maughan 1979, Nelson et al. 
1985, Nehrlng 1979.
4

Published Enhancements to the Method: Bovee 1982, 
Gore and Judy 1981, Morhardt et al. 1983.

Critical Review of the Method: Wesche and Rechard 
1980, Loar and Sale, 1981.

Published Comparisons With Other Methods: 14 
evaluation studies funded by the FWS (see text).

Critical Opinion: The HABTAT model has not gener
ally been shown to be any more predictive of 
standing crop than many other less complex 
methods, but the approach of subsetting a stream 
into a large number of microhabitats, each chang
ing independently with flow, should eventually 
prove to be more predictive than models which use 
fewer points. What is lacking in this, and most 
other models, is a documented understanding of 
what factors limit fish populations.



Methodology: MILHOUSE, ET AL.’S WATER SURFACE PROFILE

Type of Method: CONCEPTUAL USIN6 HYDRAULIC VARIABLES

Equation: Se » (Q * n * (1.49 * A * R2/3)-1)2; H * z

Se * energy slope X 
Q * discharge ft^ * sec"* 
n * Manning's n (roughness coefficient)
A * cross section of water area (ft2)
R * hydraulic radius (ft) * A * P 1 

P * wetted perimeter (ft)
H * total energy value at a cross section 
z * elevation of channel bottom (ft above 

reference point) 
d * water depth (ft) 
v * mean water velocity (ft * sec**)
6 - 32 ft * sec* 2

Correlation Coefficient: None found.

Source Documentation: Milhous, R.T., D.L. Wegner, 
and T. Waddle. 1984. User's Guide to the Physical 
Habitat Simulation System (PHABSIM): Instream 
Flow Information Paper 11. FWS/OBS-81/43.
Revised January 1984.

Objective: To predict, based on data collected at 
one discharge, how depth, velocity and stream 
widths vary for each cross section of a stream 
modelled over a range of simulated discharges.

Level of Effort: Moderate to high. Precise 
hydraulic measurements must be made 1n the field 
at all transects of Interest. The computer 
modelling can be time consuming, since the program 
encourages multiple Iterations to Increase the 
model accuracy.

Model Development: The model, a step-back water 
procedure, 1s based on standard hydraulic equa
tions (Manning's equation and the Bernoulli equa
tion, both shown above). The user supplies either 
energy slope or water surface elevation, and both 
depth and mean velocity measurements for multiple 
points (verticals) along two or more transects.
Se is calculated (or measured) for the most down
stream transect and 1s used, along with distance, 
to predict the water surface elevation (WSE) of 
the next transect upstream. Total energy (H) 1s 
then calculated at the first transect using the 
Bernoulli equation (above) and at the second tran
sect by incrementing the absolute elevation by the 
measured value of Z above that at the first tran
sect, again using the Bernoulli equation. WSEL 1s 
then calculated at the second transect by sub
tracting the velocity head (v2 * 2g**) of the
second transect from its total energy (H). Thus 
WSEL for the second transect is calculated two 
separate ways, and if the two results are dis
similar, the Se for the first transect is changed,

(WSP) HYDRAULIC SIMULATION MODEL

• d + v2 * 26“1

and the process repeated until WSEL calculated by 
both methods 1s similar. Then WSEL of the second 
transect is compared to that measured 1n the 
field. If 1t 1s different, new values of Man
ning's n are tried until the two WSEL's are the 
same. Once this "calibration" procedure 1s com
plete, Manning's n 1s assumed constant and the 
Manning equation 1s subsequently used for calcu
lating all hydraulic values of Interest (princi
pally depth and velocity at each cell as functions 
of Q). The whole procedure 1s then repeated on 
the next transect upstream.

Basic Assumptions: That Manning's n and energy 
slope remain constant as discharge changes. This 
assumption 1s particularly likely to be untrue for 
Manning's n. This particular implementation also 
assumes that the constant by which the kinetic 
energy head (v2 * 2g“*) should be properly multi
plied 1s equal to 1 .0 , when 1t may range as high 
as 2 . 0  or more 1n complex streams.

Limitations and Constraints: The steeper the 
slope and more complex the streambed, the greater 
the difficulty 1n accurately predicting WSEL's. 
At slopes greater than about 5%, the model 1s 
usually not Internally consistent, and therefore 
cannot be used.

Relationship to Other Methods: Similar to the 
Army Corps of Engineers HEC-2 and the BLM PSEUDO 
models.

Quality of the Documentation: Does not describe 
the inner workings of the program.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: Hllgert 
(1981), and particularly Butler (1979) got quite 
different results when comparing IFG4 and WSP 
simulations linked to HABTAT utilization data.

Critical Opinion: The WSP model is sophisticated, 
and has the advantages of internal checking and 
calibration. Its main drawback for instream flow 
work is characteristic of all hydraulic models: 
it works best in channels of moderate, uniform 
slope and uniform bed and cross-sectional charac
teristics, and is difficult or impossible to 
apply, particularly at low flows, in mountain 
streams.



Methodology: NELSON'S MONTANA WETTED PERIMETER METHOD

Type of Method: EMPIRICAL USING HYDRAULIC VARIABLES

Equation: Log S = b Log Q + a; WETP = f (S)

S * stage (water level) - stage at zero flow 
Q * discharge (ft^ * sec"*) 
a,b a regression coefficients determined by fit

ting a least-squares linear regression to 
the log-transformed data

WETP * wetted perimeter (ft) the distance from one 
edge of the stream to the other, measured 
along the bottom

Correlation Coefficient: None found.

Source Documentation: Nelson, F.A. 1984.
Guidelines for using the wetted perimeter (WETP) 
computer program of the Montana Department of 
Fish, Wildlife and Parks.

Objective: To devise a relatively simple method
for deriving Instream flow recommendations.

Level of Effort: Low to moderate. One to five 
channel cross sections must be measured 1n the 
field, and the stage (water surface level) must be 
measured at each cross section at at least 3 
different discharges.

Model Development: The computer model fits a 
linear regression to the relationship between 
stage and discharge measured at 3 discharges. 
Then, equipped with a cross-sectional diagram of 
the stream bed, it calculates the distance, 
measured along the stream bed from the water line 
on one side to the water line on the other, for a 
series of discharges. The result is a plot of 
WETP versus discharge. These plots of WETP 
characteristically increase steeply, then level 
off as discharges increase, and the basis of this 
method is to pick a point near where they begin to 
level off as the recommended instream flow. Nel
son refers to this point on the curve as the 
"inflection point", but does not define it. The 
mathematical definition of an inflection point is 
that the second derivative of the function changes 
sign, i.e., the curve changes from concave to 
convex or vice versa. Most of the points chosen 
by Nelson on a series of these curves (Nelson 
1980) do not meet this or any other evident 
criteria.

Basic Assumptions: That the stage-discharge rela
tionship is adequately modeled by a linear regres
sion of logarithm-transformed stage versus log- 
transformed discharge. That there is some point

on the resulting curve that can be Identified 
reprodudbly. That this point has some relation
ship to biological response variables.

Limitations and Constraints: Only when there is a 
sharp change 1n slope of the WETP versus Q curve 
is the recomended flow well defined. The physical 
mechanism of such a change would be the filling of 
a well defined channel, with higher flows spilling 
out into the flood plain. The method therefore 
simply identifies the flow which fills the perma
nent channel. Whether this 1s an appropriate
criterion for instream flow has not been esta
blished.

Relationship to Other Methods: The criterion for 
appropriate flow 1s identical to that of White 
(1976) and described by Collings (1974) for 
rearing habitat.

Quality of the Documentation: The model is
described completely.

Experimental Tests of the Method: Randolph and 
White (1984) tried an experimental test, but got 
ambiguous results.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons V1th Other Methods: Nelson 
(1980), Randolph and White (1984).

Critical Opinion: On most plots produced by this 
method, the selection of recommended flow 1s 
highly subjective, and we have not found any evi
dence Indicating the appropriateness of the cri
terion, even when clear. The method appears to be 
tantamount to equating bank-full discharge to 
minimum appropriate flow.



Methodology: NICKELSON'S SALMONID HABITAT QUALITY METHOD

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC AND STRUCTURAL VARIABLES

6

Equation: HQU * n-j/N * (1-k)
1*1

HQU = Habitat Quality Units

n 1 = the number of cells having a value of 1
N = the total number of cells observed
1* = tvx + V2 + V3)
k a constant with a value of 1 for 

salmon
coho

V 1 s 2 1f depth >30 cm and velocity <30 
sec"*, otherwise 1

cm *

V 2 = 2 if there are undercut banks and sub
merged roots, 1 if there is overhanging
cover and submerged logs and roots, 
wise 0

other-

V3 X 2 if the substrate is cobble, 1 if gravel,
otherwise 0 .

Correlation Coefficient: r? between coho biomass 
(g/m^) and HQU « 0.72 in the example shown.

Source Documentation: Nickelson, T. 1976. De
velopment of methodologies for evaluating instream 
flow needs for salmonid rearing, in Proc. Symp. 
Specialty Conf. on Instream Flow Needs (J.F. Ors- 
born and C.H. Allman, eds.), Vol. II, pp. 581-599. 
Am. Fish Soc., Bethesda, MD.

Objective: To develop a method that can be used
in natural streams to estimate the influence of 
stream discharge on carrying capacity for salmon- 
ids.

Level of Effort: Moderate to high. Depths and 
velocities must be measured at a large [unspeci
fied] number of locations in a stream. To use as 
an instream flow method, they must be measured at 
all discharges of interest.

Model Development: The assignment of values to

Vlt V2 , and V3 was based on personal experience of 
the authors or personal communications with other 
investigators, and is briefly documented in the 
text. The value of k is not explained. The 
aggregation technique simply reduces the value of 
each cell by k, normalizes the values so that HQU 
is independent of the number of cells sampled, and 
adds up the total points. The use of the k term 
removes from consideration cells below a threshold 
value.

Basic Assumptions: The model arbitrarily assumes 
that Vj, V2 » and V3 are the appropriate variables 
for measuring habitat quality, assumes that depth 
and velocity combinations as specified are the 
appropriate criteria [most other methods treat the 
two variables separately...this one lumps them 
together] and assigns equal value to depth/velo- 
city, cover, and substrate type. It also speci
fies that cells below a certain threshold value 
(determined by the size of k) do not contribute to 
habitat quality and that depth/veloclty, cover, 
and substrate type contribute to the habitat inde
pendently of one another. [The Vlf V2 , and V3 

criteria shown are for coho salmon and would be 
different for other species; also k might have a 
different value for different species. The higher 
the value of k, the higher the value of i required 
to make a positive contribution to the HQU. In 
the author's example, values of (1-k) <0 were
treated as 0 ].

Limitations and Constraints: Only a few of the 
potentially constraining habitat variables are 
used, and those may not accurately reflect habitat 
quality or fish production. Also, the aggregation 
of variables 1s entirely conceptual.

Relationship to Other Methods: The HQU 1$ similar 
to Wesche's WRRI (1980) in that it is a simple 
aggregation of a few variables. The approach of 
sampling many different locations and adding up 
their values is similar to the summing techniques 
used in the IFIM.

Quality of the Docuaentatlon: Somewhat unclear. 
We rewrote the equation in a simplified form for 
this summary form.

Experimental Tests of the Method: Source
document.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: The general idea of evaluating 
the habitat quality of a variety of places in a 
stream, then summing them up to get overall 
habitat quality is good. The i index applied to 
each cell in this model is simplistic and could 
probably be substantially refined.



Methodology: NICKELSON, BEIDLER AND WILLIS' OREGON STEELHEAD TROUT METHOD

Type of Method: EMPIRICAL USING HYDRAULIC, BIOLOGICALLY WEIGHTED HYDRAULIC, AND STRUCTURAL VARIABLES 

Equation: HQRst = (EC + OH + T + VS) * A * [ (DP * VP)] * n" 1

HQRst “ Habitat Quality Rating for steelhead

EC = frequency of undercut banks» rootwoods, 
undercut boulders within 50 cm upstream 
with depths >5 cm

OH * frequency of overhanging cover at depths
>5 cm

T * frequency of turbulence cover at depths 
>5 cm

YS = frequency of logs or boulders within 50 cm 
upstream

A * wetted area of study section (m^?)
DP * relative value (0-1) of the depth at each

location 1n the study area 
YP * relative value (0-1) of the velocity at

each location 1n the study area 
n * number of locations examined in the study 

area

Correlation Coefficient: r? = 0.79 between
standing crop and HQRst for data collected in 1976 
and 1977.

Source Documentation: Nickel son» T.E.» W.M.
Beidler and M.J. Will 1s. 1979. Streamflow
Requirements of Salmonids. Final report, Oregon 
Department of Fish and Wildlife. Project No. AFS- 
62. 30 pp.

Objective: To develop a technique based on
something more concrete than general observations 
and judgement for recommending minimum rearing 
flows in Oregon.

Level of Effort: Moderate to high. All variables 
must be measured in the field.

Model Development: This model 1s based on the 
premise that the depth and velocity transformation 
curves developed by Bovee (1978) are appropriate 
and that the resulting values (ranging from 0 -1 ) 
should be multiplied together and then averaged 
over the entire study area. The result is then 
multiplied by an additive cover term (the sum of 
the fractions of various cover types throughout 
the study area), and the final result is multi
plied by the absolute area.

Basic Assumptions: Like the FWS HABTAT model, 
this approach assumes that preferential 
utilization of particular depths and velocities by 
wild fish in the field is indicative of habitat 
quality and that the less preferred the 
combination of depth and velocity, the lower will

be the productivity. This model also assumes that 
the relative fraction of various cover types is 
important and that these are to be added prior to 
multiplication. The inclusion of the area term 
affects only the absolute magnitude of the index 
and is thus unnecessary.

Limitations and Constraints: Based on the2
author's tests of the model, we calculated an r 
of 0.128 between the HQR and standing crop for the 
test data set of 1978. Although 75% of the 1978 
data points fell within the 95% confidence limits 
of the regression obtained from the 1976-1977 data 
set, these limits are very large. The 1978 data 
are so weakly correlated with standing crop that 
the model must be judged not at all predictive.

Relationship to Other Methods: This model is 
closely related to the conceptual model used by 
the FWS Instream Flow Service Group (Bovee 1982) 
but is implemented differently, taking the average 
of the multiplicand of depth and velocity proba- 
bil1ties-of-use and multiplying them by the area 
and a cover rather than a substrate term. The 
cover term 1s conceptual (like the terms in the 
FWS HSI models) and not based on empirical obser
vations.

Quality of the Documentation: The criteria for 
variable selection are not described.

Experimental Tests of the Method: The source 
document tested it with a new (1978) data set and 
found very weak (r^ * 0.128) correlation between 
HQR and standing crop.

Published Enhancements to the Method: None found.

Critical Review of the Method: Fausch and Parsons 
(unpublished).

Published Comparisons With Other Methods: None 
found.

Critical Opinion: The model explained only 13% of 
the variability in standing crop of steelhead in 
the test situation and clearly cannot be used for 
predicting standing crop. The addition of a cover 
term to the HABTAT-like model seems justified, but 
the cover term used appears arbitrary.



Methodology: NICKELSON, BEIDLER AND WILLIS' OREGON CUTTHROAT INSTREAM FLOW METHOD

Type of Method: CONCEPTUAL AND EMPIRICAL USING BIOLOGICALLY WEIGHTED HYDRAULIC AND STRUCTURAL VARIABLES

Equation: HQR1 = A * P * (13.85901 + 12.726D2 + 13.591EC + 12.9660H + 93.298T)
HQR2 * A * P * (D1 + 0 2 + EC + OH + T + YS)

HQR1 * Habitat Quality Rating 1 
HQR2 * Habitat Quality Rating 2 
A = wetted area of the study section (m^?)
P * velocity weighting factor (0.2 at velo

cities <0.05 and >0.25 m*sec~l, increasing 
smoothly to a peak of 1.0 at 0.15 m*sec“l.

D1 * frequency of depths 46-60 cm 
02 * frequency of depths >60 cm 
EC * frequency of undercut banks, rootwads, under

cut boulders within 50 cm upstream at depths 
>5 cm

OH * frequency of overhanging cover at depths >5 
cm

T * frequency of turbulance cover at depths >5 cm 
VS * frequency of logs and boulders within 50 cm 

upstream

Correlation Coefficient: r^ 3 0.91 for HQR1 
versus standing crop (g) and R^ * 0.87 for HQR2 
versus standing crop (g).

Source Documentation: Nickel son, T.E., W.M. Beid- 
ler and M.J. Will 1s. 1979. Streamflow Require
ments of Salmonlds. Final report, Oregon Depart
ment of Fish and Wildlife. Project No. AFS-62. 
30 pp.

Objective: To develop a technique based on
something more concrete than general observations 
and judgement for recommending minimum rearing 
flows in Oregon.

Level of Effort: Moderate to high. All variables 
must be measured in the field.

Model Development: The velocity weighting factor 
is described as being determined from a plot of 
standing crop and mean velocity (not presented), 
which implies there is a relationship between the 
two that might itself be a predictive model. 
There is no description of how the coefficients in 
the equation of HQR1 were derived, but they appear 
to be the result of running a multiple linear 
regression model, perhaps between these variables 
and standing crop data collected in 1976 and 1977. 
The resulting model appears to be an additive 
linear regression model multiplied by two addi
tional terms, one of which (p) is itself an index 
and the other of which is an absolute value. 
Therefore, it is an interesting combination of 
empirical and conceptual terms. The HQR2 model 
was developed, however, because "the coefficients 
[in the HQR1 model] have no biological meaning and 
are not necessarily a unique solution to the equa
tion."

Basic Assumptions: The model assumes that the 
proper relationship between area, velocity, and 
cover terms is multiplicative; since area is 
treated as an absolute value, the outcome of the 
model is an index that should be equally good with 
or without this term. Velocity 1s treated as a 
fraction (of the ideal velocity), thus this term 
can degrade the effects of cover and area, but not 
enhance them. The cover term is (apparently)
arrived at by estimating the relative weights
(parameters) of a variety of fractional terms to 
characterize cover by multiple linear regression 
on standing crop. The authors drop the parameters 
in HQR2 and add an additional fractional term. 
Since the cover terms are internally additive and 
multiplied by numbers between 12 and 94 in HQR1 
but not multiplied by anything in HQR2, the abso
lute magnitude of the resulting index is an order 
of magnitude smaller for HQR2. In HQR1, the fre
quency of turbulence is 7 times as important as
the other terms, and the presence of logs or
boulders upstream is not considered. In HQR2, all 
cover terms are of equal importance, Including the 
presence of logs and boulders.

Limitations and Constraints: Based on the experi
mental tests, the model cannot be used for data 
from other years at the same site, and thus is not 
predictive.

Relationship to Other Methods: Slightly related 
to other models using preference/utHization 
functions.

Quality of the Documentation: The criteria for 
variable selection are not described.

Experimental Tests of the Method: The source 
document tested the indices with 1978 data and 
found them to be highly unpredictive.

Published Enhancements to the Method: Fausch and 
Parsons (unpublished).

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: There is no justification
offered for this hybrid of a conceptual multipli
cative aggregation coupled with a multiple linear 
regression of some of the terms, and it does not 
make intuitive sense to us. In any case, the 
authors have shown it to be unpredictive.



Methodology: NICKELSON, BEIDLER AND WILLIS' OREGON COHO SALMON METHOD

Type of Method: EMPIRICAL USING HYDRAULIC VARIABLES

Equation: SC * 6.05 (Vp) + 11.14

SC * juvenile coho salmon standing crop (g)
Vp » pool volume (m^)

Correlation Coefficient: r2 a 0.935

Source Documentation: Nickel son, T.E., W.M.
Beidler and M.J. Will 1s. 1979. Streamflow
Requirements of Salmonlds. Final report, Oregon 
Department of Fish and Wildlife. Project No. AFS- 
62. 30 pp.

Objective: To develop a technique based on
something more concrete than general observations 
and judgement for recommending minimum rearing 
flows in Oregon.

Level of Effort: Low. Only pool volume must be 
estimated.

Model Development: Pool volume and standing crop 
were measured in 12 sections of four North Coast 
Oregon streams, and a least-squares regression 
performed.

Basic Assumptions: None

Limitations and Constraints: The model test
suggested that the relationship would not be valid 
where pools exceed 100 nr* in volume. A second 
model was developed, but the authors did not 
publish the parameters.

Relationship to Other Methods: These one-variable 
regressions are similar to Swift's 1979 work, but 
this is the only model we have found that uses 
just pool volume. Note that the FWS HSI coho 
salmon model uses 16 different variables, one of 
which is at its maximal level if approximately 50% 
of the stream consists of pools 10-80 nr* in 
volume.

Quality of the Documentation: There 1s no
Indication how the authors arrived at this model.

Experimental Tests of the Method: The authors 
collected additional data 1n 1978 on more streams 
(source document) and found that the least-squares 
regression had different parameters (coefficients) 
and had an r2 * 0.72.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: It is clear from this model 
that the larger the pool the more coho salmon it 
will contain. What is not clear is (1) whether a 
reduction 1n flow would decrease pool volume in 
these streams appreciably, and (2 ) whether such a 
decrease would also decrease the number of coho 
each pool could support. If both possibilities 
were true, then the method might be a useful 
instream flow technique.



Methodology: NORTHERN GREAT PLAINS RESOURCE PROGRAM (1974) 

Type of Method: CONCEPTUAL USING DISCHARGE VARIABLES

Equation: ^^month * 10 percentile OF for months fall

RFm0nth “ recommended flow for each month

10 percentile DF * the flow exceeded on 90% of the 
days for the months in question 
for the period of record

15-85 percentile MMF * all months in the period of 
record except those with 
mean monthly flows in the 
highest and lowest 15%

Correlation Coefficient: None found*

Source Documentation: Northern Great Plains
Resource Program, 1974. Instream needs sub-group 
report. Work Group C: Water. 35 pp. (as quoted 
in Wesche and Rechard 1980)

Objective: To establish minimum recommended
instream flows.

Level of Effort: Low.

Model Development: The authors state that they 
decided to exclude the 15% of months with the 
highest MMF's and the 15% of months with the 
lowest MMF's "By adding and subtracting the vari- 
able tx(s)/ n (based on Student's t) to and from 
the monthly mean for the period of record [by 
which process] upper and lower limits are esta
blished between which is a given percentage of the 
observations." This seems to mean that they
treated the mean monthly flows as estimates of 
some true mean monthly flow and used the t statis
tic at some [unstated] level of probability to 
exclude months with extreme MMF's from the subse
quent daily flow analysis. They then chose the 
mean daily flow exceeded 90% of the time of record 
by month and recommended this flow as the appro
priate minimum flow, with the provision that in 
unusually dry years the stream biota would have to 
share the lack of water with other users and
endure lower flows.

Basic Assumptions: That the method for excluding 
months from the daily flow analysis is appropriate 
and that the 1 0th percentile cutoff for daily
flows in the remaining months is the correct
criterion.

ing within the 15-85 percentile MMF

Limitations and Constraints: Lack of data support
ing any of the criteria chosen.

Relationship to Other Methods: Similar to the 
Montana Method (Tennant 1975), the New England 
Method (Larsen 1980) and the Utah Water Records 
Method (Geer 1980). The criteria for all of these 
are derived from the historical flow records by 
some arbitrary formulation.

Quality of the Documentation: Rambling.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: Alberta 
Environment 1983, in which preferred minimum flows 
(PMF's) were set at 60th percentile flows for the 
winter and 7 5 th percentile flows for the summer. 
Flow criteria were then based on percentage of the 
time the PMF's would have to be exceeded.

Critical Review of the Method: Wesche and Rechard 
1980.

Published Comparisons Ulth Other Methods: None 
found.

Critical Opinion: The criteria used, both for the 
exclusion of outlying months (t statistic) and for 
flow criteria (1 0th percentile of daily flows), 
are completely arbitrary and differ from those 
used by other hydrological methods. The documen
tation offers no support for them, and there is 
little reason to believe they are appropriate.



Methodology: ORSBORN'S MAXIMUM STEELHEAD SPAWNING AREA METHOD

Type of Method: EMPIRICAL USING BIOLOGICALLY WEIGHTED, BASIN, AND DISCHARGE VARIABLES 

Equation: Qmsa = 40 * [A * H0 , 5  * SC" 1 * Qa a 3 * Qf2p ' 2 ] 0 , 3 3

Qmsa * Discharge resulting in maximum spawning 
area (cfs)

A * Drainage area (mi^)
H * 2 * (mean basin elevation - station eleva

tion); (ft)
SC = Slope of channel (ft * mi**)
0 = Average annual flow (cfs)“da
Qfp2 * Two year peak flood flow (cfs)

Correlation Coefficient: Not given.

Source Documentation: Orshorn, J.F. 1981. Esti
mating spawning habitat using watershed and chan
nel characteristics (a physical systems approach), 
in Aquisition and Utilization of Aquatic Habitat 
Inventory Information (N.B. Armantrout, ed.), pp. 
154-161. American Fisheries Society, Bethesda, MD. 
376 pp.

Objective: To estimate the discharge at which
maximum spawning habitat occurs for steel head, 
using channel, hydrologic, and drainage basin 
characteristics.

Level of Effort: Low. Data are obtained from 
topographic maps and existing stream gauge 
records.

Model Development: This model is a reworking of 
the data presented in Swift (1976), supplemented 
with average annual flow and peak flood flow data. 
Swift used a multiple linear regression technique 
to relate his input variables to the response 
variable (discharge producing maximum spawning 
area). Orsborn has used four of the variables 
used by Swift (drainage area, mean basin eleva
tion, station elevation, and slope of channel) and 
has added two hydrologic variables. He gives no 
explanation either for his choice of variables or 
for the seemingly arbitrary way in which they are 
combined.

Basic Assumptions: That the choice of variables 
and aggregation technique make biological sense.

Limitations and Constraints: The model does not 
adress the question of whether either Qmsa 
needed in any given situation.

Relationship to Other Methods: This method uses 
some of the same input variables as Swift (1976), 
but the method of aggregation of the variables 
seems to be unique. The general approach is simi
lar to that of Collings (1974) and Swift (1976) in 
calculating the discharge producing maximum spawn
ing habitat from non-microhabitat variables.

Quality of the Documentation: Lacks any explana
tion of how the model was derived. The entire 
explanation consists of the statement that “the 
best combination of basin, channel and flow fac
tors tested turned out to be as shown 1n [the 
model equation].“

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons V1th Other Methods: None 
found.

Critical Opinion: Since Orsborn does not include 
any indication of goodness of fit of his regres
sion, there is no way to tell if the addition of 
the flow terms result in a more predictive model 
than either Swift's (1976) toe-width or basin- 
parameter models or Swift's (1979) one-variable 
models (also without correlation coefficient). 
Orsborn's model is peculiar in that the parameters 
are neither combined in a way suggested by known 
causal relationships, nor in a completely mechani
cal way such as multiple linear regression.



Methodology: PARDUE AND CORDES* FWS/HSI ALEWIFE AND BLUEBACK HERRING HABITAT SUITABILITY MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED, STRUCTURAL, BIOLOGICAL, PHYSICAL, AND CHEMICAL 
VARIABLES

Equation: HSI * lowest value of V2 , V3 , V4 , Y5

[Note: All variables are transformed and scaled 
from 0 - 1  before being included in the model, and 
in some cases different transformations are used 
for alewife and blueback, as the model can only be 
applied to one species at a time]

HSI * Habitat Suitability Index
Y^ * dominant substrate type for spawning

^2 ■ mean daily temperature during spawning sea
son

V3 * mean zooplankton density
Y^ s mean salinity during spring or summer

V5 * mean surface temperature

Correlation Coefficient: None found.

Source Documentation: Pardue, G.B. and C.L.
Cordes. 1983. Habitat Suitability Index Models: 
Alewife and Blueback Herring. U.S. Fish and
Wildlife Service. FWS/0BS-82/10.58, 22 pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not
intended to be used as an instream flow method, 
but its input variables may vary with discharge, 
and consequently might be used to predict the 
effect of discharge on habitat suitability, and, 
by extension, carrying capacity and standing crop.

Level of Effort: Moderate. Most of the variables 
have to be measured in the field. For use as an 
instream flow model they would have to be measured 
at several flows, including the ones of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the choice 
of the lowest value as a criterion is not 
explained in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, For any predic
tive use it must be assumed also that there is 
some relationship between HSI and fish production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models except that geometric 
mean aggregation is not used. The technique for 
scaling variables is similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: PARSONS ET AL.'S NATURAL FISH HABITAT INDEX

Type of Method: EMPIRICAL USING BASIN VARIABLES

Equation: FHI 3 6,56 + 1.44BP + 0.00089BR - 2.02BA -

FHI 3 Fish Habitat Index (dimensionless)
BP 3 Basin Perimeter (units not given)
BR 3 Basin Relief (units not given)
BA 3 Basin Area (units not given)
CC 3 Compactness coefficient (units not given)

Correlation Coefficient: 0.77 between FHI and HCS 
where HCS 3 fish habitat condition score

Source Documentation: Parsons, M.G., J.R. Max
well, and D. Heller. 1981. A predictive fish 
habitat index model using geomorphic parameters, 
in Aquisition and Utilization of Aquatic Habitat 
Inventory Information (N.B. Armantrout, ed.), pp. 
85-91. Am. Fish Soc.; Bethesda, MD. 316 pp.

Objective: To assess inherent fish habitat condi
tions without the influence of forest management.
As a baseline to assess the effects of existing 
forest management.

Level of Effort: Minimal: Probably requiring no 
field work, depending on available data.

Data Requirements: The perimeter, relief, and 
area measurements appear to have been taken from a 
topographic map with minimal effort. The source 
of the compactness coefficient is not Indicated, 
but was probably available information from soil 
surveys.

Model Development The dependent variable, fish 
Habitat Condition Score (HCS) for a stream, was 
based on an arbitrary rating from 0 to 10 of Flow, 
Pool:Riffle Ratio, Pool Quality, Effective Cover 
and Riffle Depth, Bottom Composition, and Sedimen
tation in a given reach, then multiplying each 
rating by an arbitrary weighting factor of 0 to 10 

to achieve a score from 0 to 100. The total score 
for all variables was then divided by the total 
weight to achieve an unadjusted score from 0 to 
1 0 , which was then adjusted upward if salmonids 
were present, and was additionally weighted by the 
number of miles represented by each reach. Thir
ty-four geomorphic variables were then correlated 
with the HCS, and all but 10 were deleted owing to 
poor correlation. The remaining 10 were regressed 
on the HCS using backward stepwise regression, and 
four were retained in the resulting model equation 
shown above.

Basic Assumptions: That geomorphic conditions 
away from the watercourse are suitable indicators
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of natural fish habitat quality, and that the fish 
habitat condition variables used to determine the 
habitat condition score are the important ones. 
Also, that the fish habitat condition variables 
are rated (scaled) and weighted correctly, and 
that the adjustment based on numbers of salmonids 
present is appropriate. None of these assumptions 
was tested.

Limitations and Constraints: Probably only appli
cable in the basins in which it was developed. 
Explains only 60% of the variation in the fish 
habitat condition, and no correlation has been 
attempted between fish habitat condition and stan
ding crop or production.

Relationship to Other Methods: Unusual in that 
although an empirical regression model is used, 
the dependent variable is derived arbitrarily. 
Other regression models usually have regressed 
fish habitat quality variables on fish population. 
This one regresses geomorphic land form features 
on fish habitat variables.

Quality of the Documentation: Descriptive, but 
not sufficient to allow independent testing. The 
scheme for rating and weighting HCS variables is 
not given, and the units of the geomorphic variab
les is not given.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method is included only 
because it represents a novel approach to evalu
ating fish habitat that might profit from further 
development: the idea that for a given geographic 
area, undisturbed fisheries values are correlated 
with geomorphic variables that can be read mostly 
from maps. Application of the model elsewhere 
would probably be useless because the values of 
the parameters and choice of variables would prob
ably differ. Derivation of a similar model might, 
however, be worthwhile, particularly if the fish 
habitat condition score were shown to be corre
lated with some objective measure of habitat 
quality such as standing crop.



Methodology: RABERN'S BOUFIN (AMIA CALVA) MODEL

Type of Method: EMPIRICAL USING DISCHARGE, HYDRAULIC, PHYSICAL, CHEMICAL, AND BIOLOGICAL VARIABLES 

Equation: SC * 133.847 + 0.783V2 - 0.564V3 + 8.813V8 + 6.368Yn * H3.12V13 + 0.415Y18 + O.6 8 6 V19

SC * bowfln standing crop (kg*ha~l)
V2 * mean stream depth (m)
V3 * mean monthly flow (m^*s**)
Yg * annual range of dissolved oxygen (mg*l“l)

* mean annual water temperature (°C)
V^3 s mean annual 5-day BOD (mg 
^18 * mean annual platinum color (platinum-cobalt 

units)

^19 * number of fish species in drainage

Correlation Coefficient: Overall R2 * 0.854.
Annual dissolved oxygen alone r2 * 0.476.
Platinum-cobalt color alone r2 ■ 0.258.

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting Stand
ing Crops of Nine Species of Riverine Fishes 1n 
Georgia. Unpublished M.S. thesis, Un1v. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus bowfin standing crop from 67 rote- 
none surveys in Georgia, Rabern selected a sub
set of variables and estimated linear regression 
parameters. He used the method of minimum R2 

improvement to find the best 2 1-variable model, 
then eliminated the least significant variables 
using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise mul
tiple regression; variables with probability sig
nificance level >0 . 1 0  were discarded prior to 
regression; and the squares and cross products of 
the variables used in the first two alternatives 
were included as part of the regression. Variables 
were then eliminated from the four alternatives, 
again using Mallows' Cp statistic. Of the five 
multiple regression equations thus derived, the 
one with the largest R2 (in this case, the ori
ginal data set) was retained as the final model.

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting-- 
there is no reason to believe that collecting the 
appropriate data for the variables and entering it 
into the equation would result in an accurate 
standing crop estimate in other types of streams 
and other localities, nor is there any evidence 
that altering any of the input variables would 
affect subsequent standing crops.

Relationship to Other Methods: This is a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 67 matrix) to allow independent testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, the most 
important variables are range of DO (meaning the 
bowfin can withstand low DO), high water tempera
ture (which would restrict less tolerant species 
and decrease competition) and lack of color (indi
cating that bowfin prefer clear water). These 
appear to be the sorts of variables that would 
control population size. The next closest model 
had an R2 of 0.747, but included only three vari
ables (stream gradient, total carbon, and BOD), 
only one of which (BOD) was in the best model.



Methodology: RABERN'S CHAIN PICKEREL (ESOX NIGER) MODEL

Type of Method: EMPIRICAL USING HYDRAULIC, OTHER PHYSICAL/CHEMICAL, AND BIOLOGICAL VARIABLES 

Equation: SC 3 3.295 + 0.02V2 - 0.27V6 + 0.158V8 + 0.39Y10 - 0.124Yn  - 0.044Yig

SC * chain pickerel standing crop (kg*ha"*)
V2 3 mean stream depth (m)
Yg * annual number of frost-free days
Vg » annual range of dissolved oxygen (mg*l~*)
Vjq 88 mean annual air temperature (°C)

» mean annual water temperature (°C)
3 number of fish species in drainage

Correlation Coefficient: R2 3 0.656. For mean
annual dissolved oxygen r2 * 0.210. For mean 
annual air temperature r2 a 0.276. For numbers of 
species r2 * 0.155.

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Univ. Ga.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

%

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus chain pickerel standing crop from 
21 rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R^ 
improvement to find the best 2 1-variable model, 
and then eliminated the least significant vari
ables using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise mul
tiple regression; variables with probability sig
nificance level >0.05 were discarded prior to 
regression; and the squares and cross products of 
the variables used in the first two alternatives 
were included as part of the regression. Vari
ables were then eliminated from the four alterna
tives, again using Mallow's Cp statistic. Of the 
five multiple regression equations thus derived, 
the one with the largest R^ (in this case, the 
original data set) was retained as the final 
model•

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting—  
there is no reason to believe that collecting the 
appropriate data for the variables and entering 1t 
into the equation would result in an accurate 
standing crop estimate in other types of streams 
and other localities, nor is there any evidence 
that altering any of the input variables would 
affect standing crop.

Relationship to Other Methods: This 1s a straight
forward empirical regression model with no 
transformation or scaling of variables. Some 
other effective regression models such as Binns 
and Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good, The 
only improvement would be inclusion of the raw 
data (a 21 * 21 matrix) to allow independent
testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited 1n direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model the most 
important variables are mean annual air
temperature, mean annual dissolved oxygen, and 
number of other species. These do not appear to 
form a strong basis for prediction, and indeed, 
the correlations shown in this model are weak: 
Rabern's other models had R^ >0.50.



Methodology: RABERN'S SPOTTED SUNFISH (LEPOMIS PUNCTATUS) MODEL

Type of Method: EMPIRICAL USIN6 PHYSICAL, CHEMICAL, AND BIOLOGICAL VARIABLES

Equation: SC * 4.717 - 0.335Vg + 0.050V82 + 0.005Y192 + 12.962V202 - 0.0 1 3V8 y 19 - 0.551Y19V2o

SC * spotted sunflsh standing crop (kg*ha"*)
Vg = annual range of dissolved oxygen (mg*!*1)
V9 a annual minimum dissolved oxygen (mg*1 ~*)
V19 = number of fish species in drainage 
v 20 * frac*ional distance of sample location from 

center to edge of species range

Correlation Coefficient: Overall R2 * 0.797.

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Univ. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus spotted sunflsh standing crop from 
67 rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 2 1 -variable model, 
and then eliminated the least significant vari
ables using Mallows' Cp statistic. As alternative 
approaches, variables with R <0.65 with standing 
crop were eliminated prior to the stepwise mul
tiple regression; variables with probability sig
nificance level >0.05 were discarded prior regres
sion; and the squares and cross products of the 
variables used in the first two alternatives were 
included as part of the regression. Variables were 
then eliminated from the four alternatives, ' again 
using Mallows' Cp statistic. Of the five multiple 
regression equations thus derived, the one with 
the largest R2 (in this case, the data set made up 
of variables having individual correlation coeffi
cients of R >0.65 and their cross products).

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and the magnitudes of parameters would pro
bably be different in a different geographical 
setting - there is no reason to believe that col
lecting the appropriate data for the variables and 
entering it into the equation would result in an 
accurate standing crop estimate in other types of 
streams and other localities, nor is there any 
evidence that altering any of the Input variables 
would affect subsequent standing crop.

Relationship to Other Methods: This is a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 67 matrix) to allow Independent testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, the impor
tant variables were the nearness to the center of 
the range, the general suitability for other fish 
species as well. It appears odd to us that SC 1s 
inversely correlated with minimum DO, but may only 
mean that the sunflsh are tolerant of DO low 
enough to affect competitors adversely. The next 
closest model (R2 * 0.769) was based on the ori
ginal data set, did not include annual range of 
DO, and added specific conductivity, air tempera
ture, turbidity, alkalinity, and color.



Methodology: RABERN'S WARMOUTH (LEPOMIS GULOSUS) MODEL

Type of Method: EMPIRICAL USING PHYSICAL/CHEMICAL AND BIOLOGICAL VARIABLES

Equation: SC » 86.133 - 0.469V7 + 3.367V15 - 0.002Y7 2 ♦ 0.019V152 + 0.038Vlg2 + 0.018V7V19
- 0.082V15V19 - 3.856V19

SC * warmouth standing crop (kg*ha“l)
V7 a specific conductivity (micromho*cm“l)

a mean annual methyl-orange alkalinity (mg* 
T 1)

» number of fish species in drainage

Correlation Coefficient: Overall R2 = 0.955. For 
mean annual specific conductivity alone r2 a 
0.306. For number of other species alone r2 * 
0.165. For mean annual alkalinity alone r2 a 
0.153. Squared and cross multiplied variables 
accounted for 63.3% of the error.

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Univ. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and f'1sh standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus warmouth standing crop from 25 
rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 2 1-variable model, 
then eliminated the least significant variables 
using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise 
multiple regression; variables with probability 
significance level >0.05 were discarded prior 
regression; and the squares and cross products of 
the variables used in the first two alternatives 
were included as part of the regression. Variables 
were then eliminated from the four alternatives, 
again using Mallows' Cp statistic. Of the five 
multiple regression equations thus derived, the 
one with the largest R2 (1n this case, the data 
set made up of variables having a significance 
level P < ■ 0.05 and their cross products)

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting-- 
there is no reason to believe that collecting the 
appropriate data for the variables and entering it 
into the equation would result in an accurate 
standing crop estimate in other types of streams 
and other localities, nor 1s there any evidence 
that altering any of the input variables would 
affect subsequent standing crops.

Relationship to Other Methods: This 1s a straight
forward empirical regression model with no trans
formation or scaling of variables. Other effec
tive regression models such as Binns and Eiserman 
(1979) have been based on heavily transformed and 
scaled variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 3 matrix) to allow independent testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, the data 
suggest a preference by warmouth for areas with 
increased levels of calcium carbonate and higher 
specific conductivity. The next best model (R2 * 
0.893) was based on the original data set and did 
not include V7 and V^5 * Instead, it included 
depth, flow, gradient, water temperature, turbi
dity, phosphorus, platinum color, # fish species 
in drainage, and fractional distance of sample 
locations from center to edge of species range.



Methodology: RABERN'S LAKE CHUBSUCKER (ERIMYZON SUCETTA) MODEL

Type of Method: EMPIRICAL USING DISCHARGE, PHYSICAL, CHEMICAL, AND BIOLOGICAL VARIABLES

Equation: SC * 5.286 + 0.016V3 - 0.018Vfi + 0.035Y7 + 0.631Vft + 0.509Vq - O.I8 V10 - 1.712Vio + 0.141Vi/i 
- 0.226V15 - 1•217V16 + 10.733V20

SC * lake chubsucker standing crop (kg*ha"*)
V3 a mean monthly flow (m^*s*^*)
Vg ■ annual number of frost-free days 
V7 s specific conductivity (micromho*cm“1)
Vq « annual range of dissolved oxygen (mg*l~*)
Yg a annual minimum dissolved oxygen (mg*l*^)

V12 88 mean annual turbidity (JTU)
V13 * mean annual 5-day BOD (mg O2*1’1)
^14 * mean annual Ca and Mg hardness (as mg Ca* 

l“1)

^15 * mean annual methyl-orange alkalinity (mg* 
l"1)

^15 m mean annual total phosphorus (mg*l“*)
Y2Q * fractional distance of sample location from 

center to edge of species range

Correlation Coefficient: R2 = 0.870. Turbidity
had an r * -.334, and other single variables were 
even less well correlated.

Source Documentation: Rabern, O.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Univ. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus lake chubsucker standing crop from 
14 rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 2 1-variable model, 
then eliminated the least significant variables 
using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise mul
tiple regression; variables with probability sig
nificance level >0 . 1 0  were discarded prior regres
sion; and the squares and cross products of the 
variables used in the first two alternatives were 
included as part of the regression. Variables were 
then eliminated from the four alternatives, again 
using Mallows' Cp statistic. Of the five multiple 
regression equations thus derived, the one with 
the largest R2 (in this case, the original data 
set) was retained as the final model.

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting —  
there is no reason to believe that collecting the 
appropriate data for the variables and entering 1t 
into the equation would result in an accurate 
standing crop estimate 1n other types of streams 
and other localities, nor is there any evidence 
that altering any of the Input variables would 
affect subsequent standing crop.

Relationship to Other Methods: This is a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 14 matrix) to allow independent*testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, no 
individual variable was very important. The next 
best model (R2 = 0.639) contained 4 variables: 
Turbidity, total carbon, frost-free days, and 
annual range of dissolved oxygen.



Methodology: RABERN'S SPOTTED SUCKER (MINYTREMA MELANOPS) MODEL

Type of Method: EMPIRICAL USING HYDRAULIC, OTHER PHYSICAL/CHEMICAL, AND BIOLOGICAL VARIABLES

Equation: SC * - 147.385 + 1.420Y2 - 1.431Y3 + 0.300Y5 

237.210V2o

SC * spotted sucker standing crop (kg^ha1)
Y2 * mean stream depth (m)
V3 * mean monthly flow (m^*s *)
Y5 * annual rainfall (cm)

V 11 * mean annual water temperature ( ° 0  
Y^2 * mean annual turbidity (JTU)
V1(r * mean annual methyl-orange alkalinity (mg*

5 rl)
V19 * number of fish species in drainage 
y2o * fractional distance of sample location from 

center to edge of species range

Correlation Coefficient: R2 = 0.775. The
geographic range variable (V2q) accounted for 
29.3% of the residual error, and width, flow and 
rainfall explained 40.4%

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Univ. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus spotted sucker standing crop from 
65 rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 21 variable model, 
then eliminated the least significant variables 
using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise 
multiple regression; variables with probability 
significance level >0.05 were discarded prior 
regression; and the squares and cross products of 
the variables used in the first two alternatives 
were included as part of the regression. Variables 
were then eliminated from the four alternatives, 
again using Mallows' Cp statistic. Of the five 
multiple regression equations thus derived, the 
one with the largest R2 (in this case, the ori
ginal data set) was retained as the final model.

+ 3.729Yn  + 1.947Y12 - 1.060Y15 + 2.283Y19 -

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
Implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical settlng-- 
there is no reason to believe that collecting the 
appropriate data for the variables and entering it 
into the equation would result in an accurate 
standing crop estimate in other types of streams 
and other localities, nor is there any evidence 
that altering any of the input variables would 
affect subsequent standing crop.

Relationship to Other Methods: This is a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 65 matrix) to allow independent'testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, it 
is not possible to tell the relative importance of 
the independent variables. The four alternative 
regression model configurations examined all had 
weak (R2 <0.31) multiple correlation coefficients.



Methodology: RABERN'S AMERICAN EEL (AN6UILLA ROSTRATA) MODEL

Type of Method: EMPIRICAL USING BASIN AND PHYSICAL/CHEMICAL VARIABLES

Equation: SC * - 2.517 - 0.581V15 - 6.25V8 - 14.279V4 + 0.056V2i + 0.012V1 5 2 ♦ 0.288V15v8 - 0.002V1 5V2i
+ I.IO8 V1 6 V17 ♦ I.2OIV4 V17 + 0.317V8Vi7 * 0.003Vi7V2j

SC * American eel standing crop (kg*ha"l)
= percent stream gradient (%)

Yg » annual range of dissolved oxygen (mg*l~*) 
y^5 * mean annual methyl-orange alkalinity (mg*

r 1)
V} 8 = mean annual total phosphorus (ma*l~l) 
yjj * mean annual total carbon (mg*l"^)
V2 1 * distance from the Atlantic Ocean (km)

Correlation Coefficient: R2 = 0.975; for
alkalinity (V15) alone, r2 * 0.213, for dissolved 
oxygen range (Yq ) r2 * 0.158. The Interaction
terms accounted for 31.3% of the error

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Un1v. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus American eel standing crop from 16 
rotenone surveys 1n Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 2 1-variable model, 
then eliminated the least significant variables 
using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise mul
tiple regression; variables with probability sig
nificance level >0.05 were discarded prior regres
sion; and the squares and cross products of the 
variables used in the first two alternatives were 
included as part of the regression. Variables were 
then eliminated from the four alternatives, again 
using Mallows' Cp statistic. Of the five multiple 
regression equations thus derived, the one with 
the largest R2 (in this case, the data set made up 
of variables having individual correlation coeffi
cients of r>=0.65 and their cross products) was 
retained as the final model.

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there is 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting—  
there 1s no reason to believe that collecting the 
appropriate data for the variables and entering it 
into the equation would result 1n an accurate 
standing crop estimate in other types of streams 
and other localities, nor 1s there any evidence 
that altering any of the input variables would 
affect subsequent standing crop.

Relationship to Other Methods: This 1s a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 16 matrix) to allow independent testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited 1n direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictlveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, mean 
annual alkalinity, range of annual variation in 
dissolved oxygen, and their interactions suggest 
distance to the Atlantic Acean was also important 
for this catadromous species, although it would 
make intuitive sense that SC would be negatively, 
not positively, correlated with it. But for this 
species, the regression equation using the 
original data set including stream width, annual 
rainfall, air temperature, water temperature, BOD, 
hardness, color, number of species, and DO in 
addition to the variables here, had a slightly 
better R2 of 0.976, and a model containing only 
alkalinity and conductivity was only slightly less 
good (R2 * 0.88)



Methodology: RABERN'S GIZZARD SHAD (D0R0S0MA CEPEDIANUM) MODEL

Type of Method: EMPIRICAL USING DISCHARGE, HYDRAULIC, PHYSICAL, CHEMICAL, AND BIOLOGICAL VARIABLES

Equation: SC = 648.264 ♦ 16.937Y1 + 0.384V2 + 0.829V3 - 0.773V7 + 14.682V8 ♦ 26.277V9 + 10.6V10 +
94.515Y13 + 41.758V16 + 1.791Y17 - 0.248Y18 + 271.439Y20

SC * gizzard shad standing crop (kg * ha"*)
Y| * mean stream width (m)
V2 * mean stream depth (m)
Y3 s mean monthly flow (m^*s“M
V7 3 specific conductivity (micromho * cm"*)
V8 * annual range of dissolved oxygen (mg*l~*)

Vg * annual minimum dissolved oxygen (mg*l"*)
Y^q 3 mean annual air temperature (°C)
V13 • mean annual 5-day BOD (mg 02*l"*)
Yi6 3 mean annual total phosphorus (mg*l"*)

= mean annual total carbon (mg*l"*)
V18 = mean annual platinum color (platinum-cobalt 

units)

^20 a fractional distance of sample location from 
center to edge of species range

Correlation Coefficient: R2 ■ 0.962; for mean 
flow, r2 « 0,518; for average width, r2 * 0.387; 
for average depth, r2 * 0 .2 1 .

Source Documentation: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Univ. GA.

Objective: To find correlations between readily
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

Model Development: Using a data set of 21 habitat 
variables plus gizzard shad standing crop from 10 

rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 21 variable model, 
then eliminated the least significant variables 
using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise 
multiple regression; variables with probability 
significance level >0.05 were discarded prior 
regression; and the squares and cross products of 
the variables used in the first two alternatives 
were included as part of the regression. Variables 
were then eliminated from the four alternatives, 
again using Mallows' Cp statistic. Of the five 
multiple regression equations thus derived, the 
one with the largest R2 (in this case, the ori
ginal data set) was retained as the final model.

Basic Assumptions: The use of multiple linear 
regression implies a belief that the underlying 
relationships are linear (for which there 1s 
little, if any, evidence). There is also the 
implication that each variable in the original 
data set varied enough that its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting - 
there is no reason to believe that collecting the 
appropriate data for the variables and entering it 
into the equation would result in an accurate 
standing crop estimate in other types of streams 
and other localities, nor is there any evidence 
that altering any of the input variables would 
affect subsequent standing crop.

Relationship to Other Methods: This 1s a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 10 matrix) to allow independent testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, the most 
important variables are range of DO (mean monthly 
flow rate, average width and average depth). This 
suggests that the IFIM model might work well with 
gizzard shad. The next best model, with an R2 of

0.664, did not use Y, V2, V7 , Y^q , and Vi3* 
included gradient, rainfall, water temperature and 
number of fish species.



Methodology: RABERN'S BROWN BULLHEAD (ICTALURUS NEBULOSUS) MODEL

Type of Method: EMPIRICAL USING DISCHARGE, HYDRAULIC, PHYSICAL, CHEMICAL, AND BIOLOGICAL VARIABLES

Equation: SC » 5379.605 - 160.855VJ + 20.744V2 - I6 .2 0 9 V3 + 2.373Vg - 2 .2 OIV7 + 94.444Vg + 177.971V9 
+ 25.192Vjo + 87.584Vu  + 11.097V12 + 31.335V14 - 1708.715V16 - 78.309V17 + 15.099V18 
- 9.707Vig + 1472.063V20

SC «

V 1 * 
V2 "
V3 »
V6 “
V7 -
Vb *
V9 »

v12 = 
V14 =

V16 = 
V17 * 
V18 =

V19 = 
v20 “

brown bullhead standing crop (kg*ha_1) 
mean stream width (m) 
mean stream depth (m)
mean monthly flow
annual number of frost-free days

specific conductivity (m1cromho*cnT*) 
annual range of dissolved oxygen (mg*l"l)

annual minimum dissolved oxygen (mg*l~*) 
mean annual air temperature (°C)
mean annual water temperature (°C) 
mean annual turbidity (JTU)

mean annual Ca and Mg hardness 
(as mg Ca*l“ )̂
mean annual total phosphorus (ma*!*1) 
mean annual total carbon (mg*l"M
mean annual platinum color (platinum-cobalt 
units)

number of fish species 1n drainage 
fractional distance of sample location from 
center to edge of species range

Correlation Coefficient: Overall R2 = 0.848.

Source Docunentatlon: Rabern, D.A. 1984. Develop
ment of Habitat Based Models for Predicting 
Standing Crops of Nine Species of Riverine Fishes 
in Georgia. Unpublished masters thesis, Un1v. GA.

Objective: To find correlations between readily 
available or easily predicted physical, chemical, 
and biological variables and fish standing crop.

Level of Effort: Low to high, depending on the 
availability of the data.

the largest R2 (1n this case, the original data 
set) was retained as the final model.

Basic Assumptions: The use of multiple linear 
regression Implies a belief that the underlying 
relationships are linear (for which there 1s 
little, if any, evidence). There is also the 
Implication that each variable in the original 
data set varied enough that Its contribution to 
the regression (if any) would have been detected.

Limitations and Constraints: The choice of vari
ables and magnitude of parameters would probably 
be different in a different geographical setting - 
there is no reason to believe that collecting the 
appropriate data for the variables and entering 1t 
into the equation would result 1n an accurate 
standing crop estimate 1n other types of streams 
and other localities.

Relationship to Other Methods: This 1s a straight
forward empirical regression model with no trans
formation or scaling of variables. Some other 
effective regression models such as Binns and 
Eiserman (1979) have been based on heavily 
transformed variables.

Quality of the Documentation: Very good. The only 
improvement would be inclusion of the raw data (a 
21 * 16 matrix) to allow Independent testing.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Model Development: Using a data set of 21 habitat 
variables plus brown bullhead standing crop from 
16 rotenone surveys in Georgia, Rabern selected a 
subset of variables and estimated linear regres
sion parameters. He used the method of minimum R2 

improvement to find the best 2 1-variable model, 
and then eliminated the least significant vari
ables using Mallows' Cp statistic. As alternative 
approaches, variables with r<0.65 with standing 
crop were eliminated prior to the stepwise mul
tiple regression; variables with probability sig
nificance level >0.05 were discarded prior regres
sion; and the squares and cross products of the 
variables used in the first two alternatives were 
included as part of the regression. Variables were 
then eliminated from the four alternatives, again 
using Mallows' Cp statistic. Of the five multiple 
regression equations thus derived, the one with

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although empirical regression 
models such as this are probably limited in direct 
applicability to the streams from which they were 
derived (or to very similar ones), they may be 
very effective predictors of standing crop in 
these limited settings. Their predictiveness is 
dependent on whether or not the variables used to 
construct them are always correlated in the same 
way with standing crop. In this model, none of 
the individual variables had large correlation 
coefficients.



Methodology: RALEIGH'S FWS/HEP BROOK TROUT RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED DISCHARGE, HYDRAULIC, STRUCTURAL, BIOLOGICAL, 
PHYSICAL, AND CHEMICAL VARIABLES

Equation: HSI C(V4*V6*(V10*V15)0 -5 )0 '33*3-l*(V6+v10+V15) * (Vi o *(V8*V16)0 *5 )0 -5*((V5*V7*V16)0 *33) *

((V9*vi6)0*5+Vii)‘0*5]0,2*(Vi*V3*Vi3*Vi4)0'25

[where Vg>{ViQ*Vi5 ) * ^  and degraded water quality conditions cannot be compensated for by good 
physical habitat; plus several other assumptions detailed 1n Raleigh 1982. Note especially that all 
variables are scaled from 0 -1 , most non-linearly, before Inclusion in the model]

HSI * Habitat Suitability Index (dimensionless)
Vx * mean water temperature (°C) at warmest time 

of year)
V3 * mean DO (mg*l~*) during low water period 
V4 = mean thalweg depth (cm) during low water 

period
V5 » mean velocity (cm*s_1) over spawning areas 
Vg * % instream cover during low water, depth > 1 5  

cm, velocity <15 cm*s“*
Yy * mean substrate diameter between 0.3-8 cm in 

spawning areas

Vg * % substrate diameter between 10 and 40 cm 1n 
winter

Vg * dominant substrate type (>50%) in riffle run 
areas (larger 1s better)

^io * % pools during low water period 
V n  * % vegetation along stream bank

^13 * mean annual maximal or minimal pH 
V14 = mean annual minimum flow as % average daily 

flow

^15 m  % area as large and deep pools 
Vie * % fines in spawning areas

Correlation Coefficient: r2 * 0.06 (calculated 
from the data of Trial et al. 1984) between HSI
and trout per hectare.

Source Documentation: Raleigh, R.F. 1982.
Habitat Suitability Index Models: Brook Trout.
U.S. Fish and Wildlife Service FWS/0BS 82/10.24., 
42 pp.

Objective: To convert habitat information Into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not in
tended to be used as an instream flow method, but 
it has many input variables which vary with dis
charge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important.

They were then transformed and scaled from 0-1 
based on information 1n the literature and 
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used 1s appropriate. For any 
predictive use it must be assumed also that there 
is some relationship between HSI and trout 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: Trial et al. 
(1984) showed very weak correlation between HSI 
and standing crop.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose. The only empirical test of it shows 
extremely poor correlation between the HSI and 
standing crop.



Methodology: SAMS AND PEARSONS1S ONE-FLOW METHOD

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC VARIABLES

Equation: Q * WDV

Q * optimum salmonid spawning discharge (ft^*s"l)

W * the average width of the stream at 100-ft 
Intervals over one representative mile of 
stream (ft)

D * average depth required over redds (ft)

V * average velocity required over redds (ft*s“l)

Correlation Coefficient: None found

Source Documentation: Sams, R.E. and L.S.
Pearson. 1963. A study to develop methods for 
determining spawning flows for anadromous 
salmonids. Oregon Fish. Comm. Manuscript. 56 pp. 
(From Stalnaker and Arnette 1976).

Objective: To determine optimum spawning
discharges from aerial photographs.

Level of Effort: Low.

Model Development: This method 1s based on the 
most basic of hydraulic equations, namely the 
equality that flow must be equal to cross
sectional area times velocity.

Basic Assumptions: This approach assumes that for 
a given width and discharge, the depth and 
velocity terms will each be appropriate for 
spawning. In a general sense, this assumption 1s 
absurd because the equation can be satisfied with 
depths much too low for optimal spawning and 
velocities much too high, and vice versa, all 
depending on the energy slope and the bed 
roughness. From a practical standpoint however, 
the assumption may be reasonably accurate if the 
analysis is confined to known spawning areas.

Limitations and Constraints: Since the validity 
of the underlying assumptions 1s quite uncertain, 
this method 1s of value only for rough estimates 
of appropriate spawning flows.

Relationship to Other Methods: This 1s the
simplest form of and general precursor to all of 
the physical microhabitat methods such as the USFS 
Region 6 method and the subsequent Waters method 
and USFWS HABTAT model. The basic premise, 
however, is Identical: that the appropriate 
criteria for establishing instream flows are the 
velocities and depths preferred by the resident 
fish.

Quality of the Documentation: Not reviewed.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: Stalnaker and 
Arnette 1976, Wesche and Rechard 1980.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: If the only data available are 
aerial photographs or measured widths of known 
spawning areas on a stream, this method will allow 
a rough first estimate of discharges needed to 
allow spawning. Much more sophisticated methods 
are now available, however.



Methodology: STUBER ET AL.'S FWS/HSI GREEN SUNFISH RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED, HYDRAULIC, STRUCTURAL, PHYSICAL, AND CHEMICAL
VARIABLES

Equation: HSI * [(V1 * V2 ) 0#5 * (7“1) * (2 V4 + v5

* (V3 ♦ 2 " 1 * [vn  + Vi3 + V14])]0#

[Note: All values are transformed and scaled from 
0 - 1  before being used 1n the model]

HSI * Habitat Suitability Index 
Vj a % cover of pools during summer

V2 * % pool area during mean summer flow 
y3 * gradient (m*km"i) within representative 

reach

V 4 * minimum dissolved oxygen (mg*l~*) during 
summer

V5 s mean monthly pool turbidity (JTU) during 
summer

Vg ■ pH during summer growing season 
Vy * maximum midsummer pool temperature (°C) 

(adults, juvenile)
V8 • maximum midsummer pool temperature (°C) 

(fry)
Vg * maximum pool temperature (°C) during 

spawning (embryo)
* substrate composition within pools and 

spawning areas
* mean pool velocity (cm*sec’*) during mean 

summer flow (adults, juvenile)

Vl2 * mean pool velocity (cm^sec"1) during 
spawning (embryo)

V 13 * mean pool velocity (cm*sec~*) during mean 
summer flow (fry)

m mean representative reach stream width (m)

Vl8 ■ mean maximum monthly salinity (ppt) during 
growing season

Correlation Coefficient: None found, although 
Layher and Maughn (1984) tested a much simpler 
formulation, described on a separate Methodology 
Summary Form.

Source Doc mentation: Stuber, R.J. et al. 1982.
Habitat Suitability Index Models: Green Sunfish. 
U.S. Fish and Wildlife Service. FWS/0BS-82/10.15. 
28 pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

V6 + V7 + V8 + V18) * (Vg * V10 * v1 2 ) 1 / 3  * (2.5) - 1

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any 
predictive use it must be assumed also that there 
is some relationship between HSI and fish 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) 1s indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: Li and Schreck, 
1984, showed very weak negative correlation
between HSI and standing crop.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: STUBER1S FWS/HSI BLACK BULLHEAO RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED, HYDRAULIC, STRUCTURAL, PHYSICAL, ANO CHEMICAL 
VARIABLES

Equation: HSI = CtVj * V2 ) 1 / 2  * <vl * V2 * V3> 1 / 3  * (2V4 + 2V5 + V6 + [V7 + V8] * 2' 1 + Vg ) / 7  *

(V! * V8 * V10 * VU  * V1 2 ) 1 / 5 ] 1 / 4

[Note: All values are transformed and scaled to 
dimensionless values from 0 - 1  prior to being used 
1n the HSI equation]

HSI 3 Habitat Suitability Index
Vx * % pools during summer

s % cover of pools during summer 
V3 * mean velocity (m * s "*) during summer 

3 maximum midsummer pool temperature (°C) 
v5 « dissolved oxygen (mg * l*1) In pools during 

summer

Vg » yearly pH range
Vy * maximum salinity (ppt) during summer 
V8 * maximum salinity (ppt) May-July

Vg 3 mean maximal monthly turbidity (ppm) during 
growing season

3 mean pool temperature (°C) during spawning 
Y ^  * dominant substrate type in pools and 

spawning areas

Vl2 3 % cover of pools during spawning

Correlation Coefficient: None found.

Source Documentation: Stuber, R.J. 1982. Habi
tat Suitability Index Models: Black Bullhead. US 
Fish and Wildlife Service. FWS/0BS-82/10.14. 26
pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any 
predictive use it must be assumed also that there 
is some relationship between HSI and fish produc
tion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: SWANK AND PHILLIPS' U.S. FOREST SERVICE REGION 6 SINGLE TRANSECT WEIGHTED USABLE WIDTH 
METHOD

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC VARIABLES

Equation: Spawning Usable Width * length of transect >0.5 ft deep with velocities of 1.0~3.0 ft * sec

Rearing Usable Width = length of transect between 0.5-3.0 ft deep with velocities of 
0 .2 -1 .6 ft * sec- 1

Food Production Usable Width * length of transect between 0.1-3.0 ft deep with velocities 
of 1.0-4.0 ft * sec" 1

Correlation Coefficient: None found

Source Documentation: Swank, G.W. and R.W. Phil
lips. 1976. Instream flow methodology for the 
Forest Service in the Pacific Northwest Region. 
In Proc. Symp. and Spec. Conf. on Instream flow 
needs, J.F. Orsborn and O.H. Allman [eds.], Vol. 
II. pp. 334-343. Am. Fish Soc., Bethesda, MO.

Objective: To establish the flow with the 
greatest amount of usable habitat for spawning, 
rearing and food production for fish.

Level of Effort: Low to moderate. The authors 
suggest 3 transects per stream. Depths and velo
cities are to be measured at each of them at 3 
flows.

Model Developnent: The model is essentially con
ceptual and arbitrary. Binary depth and velocity 
criteria (a given depth or velocity is considered 
either satisfactory or unsatisfactory...nothing in 
between) are presented with no supporting informa
tion or justification. Depths and velocities are 
measured at 3 flows (high, low, near average). 
Weighted usable width (the total distance across 
the transect meeting both depth and velocity cri
teria) is measured at each of the 3 flows, then a 
"bell shaped curve" is overlayed on the data. In 
the first example shown by the authors, the suita
bility of the "near average" flow is much higher 
than that of the high or low flows, but the flows 
are so far apart that there is no way to tell if 
the "near average" flow produced the maximum habi
tat. In the second example shown, measurements 
appear to have been made at 20 or more different 
flows and although the authors "fit" a curve to 
the data (apparently using a French curve or simi
lar drafting appliance) the data appear to be 
completely uncorrelated and randomly distributed 
(and consequently no curve-fitting was justified).

Basic Assumptions: For proper application of this 
method, it must be assumed that the depth and 
velocity criteria are accurate, that using binary 
criteria is appropriate, and that the Weighted 
Usable Width changes in a way functionally related 
to flow so that a curve can be fitted.

Limitations and Constraints: The principal limi
tations are that 3 flows are probably Insufficient 
to allow definition of the functional relation
ships sought, and that the criteria for habitat 
suitability are unsupported either in the choice 
of input variables or in their ranges of suita
bility.

Relationship to Other Methods: This method is one 
of the early attempts to relate measurements of 
depth and velocity at different discharges to 
habitat suitability. The basic technique is simi
lar to that of Collings (1974), but the data 
analysis is much more primitive. This method 1s 
similar to the FWS IFIM, except that binary cri
teria are used, there is no numerical simulation 
between data points, and width is not extrapolated 
to area.

Quality of the Documentation: The method is des
cribed accurately, but is itself relatively unde
fined.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: Wesche and Rechard 
1980.

Published Comparisons With Other Methods: Turner 
et al. (undated) applied the method, making mea
surements at 12 different discharges and fitting 
the curves by eye. This resulted in clear peaks of 
Weighted Usable Width.

Critical Opinion: If one accepts the habitat 
criteria offered, is willing to make measurements 
at many different discharges, and will settle for 
a single transect as representative of a stream, 
this method will establish the relationship 
between habitat and discharge as well as any 
other. The IFIM is essentially an expanded ver
sion of this idea.



Methodology: SWIFT'S WASHINGTON STATE CHINOOK, PINK AND CHUM SALMON METHOOOLOGY

Type of Method: EMPIRICAL USING BASIN, DISCHARGE, AND HYDRAULIC VARIABLES 

Equations: Qcc » 4.22 (Qa) 0*747 (SE = _+ 39%); Qr » 0.686 (Qa) °*824 (SE « _+ 53%) 

Qcc » 1.36 (TW) i*24 (SE « + 40%); Qr « 0.139 (TW) 1>44 (SE * + 57%)

Qcc = 32.5 (7Q2) °*629 (SE = _+ 47%); Qr * 5.18 (7Q2) °*750 (SE • ♦ 61%)

Qcc = 26.4 (Qse) °*609 (SE - _+ 50%); Qr * 3.50 Qse) °*766 (SE » + 54%)

Qcc « 19.3 (Qoc) °*577 (SE » _+ 54%)

Qcc = 15.9 (DA) °*698 (SE = + 55%); Qr = 2.62 (DA) °*789 (SE « + 81%)

Qcc * preferred spawning discharge (cfs)
Qr = preferred rearing discharge (cfs)
Qa s average annual flow (cfs)
TW * toe-of-bank width of channel (ft)
7Q2 * 7-day, 2-year low flow (cfs)
Qse s median September mean flow (cfs)
Qoc * median October mean flow (cfs)
DA * drainage area (square miles)

Correlation Coefficient: None given. We calcu
lated it for Qcc * 1.41 (TW)1*23, r2 * 0.83. This 
equation is slightly different from the author's. 
For drainage area, we got a better fit with a 
linear equation: for the power equation Qcc * 
16.1 (DA)0*69# r2 m 0 .6 8 , but for the linear
equation Qcc * -90.64 + 4.68 (DA), r2 * 0.87

Basic Assumptions: That the power function used 
is appropriate. We found that for drainage area a 
linear function resulted in a better fit. Also, 
that the binary velocity and depth criteria are 
correct.

Limitations and Constraints: These single-vari
able regression equations are only useful for 
predicting the flows that will result in maximal 
spawning habitat, or in maximum rearing habitat 
(which is much less well defined).

Relationship to Other Methods: Similar to and 
derived from Colling's 1974 and Swift's 1976 work, 
but restricted to one-variable regressions rather 
than the multiple regressions in the earlier 
studies.

Source Documentation: Swift, C.H. 1979. Prefer
red Stream Discharges for Salmon Spawning and 
Rearing 1n Washington. United States Geological 
Survey Open File Report 77-422. Tacoma, Washing
ton. 51 pp.

Objective: To develop relationships for 
estimating the discharges preferred for spawning 
and rearing from several separate hydrological and 
geomorphological variables.

Quality of the Documentation: The absence of 
correlation coefficients makes it difficult to 
evaluate the effectiveness of the models.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Level of Effort: Low.

Model Development Depth and velocity data were 
collected across transects on three reaches from 
each of 28 Washington state streams at (usually) 
10 discharges. From these transect data, the 
amount of area meeting spawning velocity (0.75- 
3.25 ft*aec~*) and depth (>0.5 ft) criteria was 
determined at each discharge. The preferred 
spawning discharge (Qcc) maximized the area meet
ing these criteria; the preferred rearing dis
charge (Qr) is "that which provides a wetted peri
meter across the entire streambeds". Once Qcc and 
Qr were determined for each of the 84 reaches, 
one-variable linear regression equations were 
calculated for the relationships between them and 
each of the other variables.

Published Comparisons V1th Other Methods: None 
found.

Critical Opinion: This method provides a very 
simple and apparently relatively accurate method 
for estimating the discharge which will result in 
maximum suitable spawning area. The definition of 
spawning area is simple, however, based on a 
binary depth and velocity criterion and not incor
porating substrate composition. It is interesting 
that the flows maximizing spawning area are 
correlated with drainage area.



Methodology: SWIFT'S STEELHEAD SPAWNING DISCHARGE 

Type of Method: EMPIRICAL USING BASIN VARIABLES 

Equation: Qdv = 4.64VJ0*448 * V2 0 , 5 3 3  * V3 ’ ° * 1 8 2 *

Qr = 0.146 V l 0 - 6 4 3 * V2 ° * 6 2 8 * V3 - ° * 1 7 3

Qdv * Preferred spawning discharge (ft^ * sec"*), 
the discharge resulting in maximum spawnable area

Qs ■ Spawning sustaining discharge (ft8 * sec"1), 
the discharge at which the percentage rate of 
reduction in discharge equals the percentage rate 
of reduction in maximum spawnable area as dis
charge is decreased in increments of 5, 10, 15 and 
25% of Qdv.

Qr * Rearing Discharge; a discharge "selected at 
the inflection of the curve [of wetted perimeter 
vs. discharge] where wetted perimeter begins to 
decrease rapidly as discharge decreases".

* drainage area (mi2)
= mean basin altitude (ft)

V3 * reach altitude (ft)
* reach slope (ft/mi)

Correlation Coefficient: R2 = 0.79 for Qdv, R2 = 
0.74 for Qs, R2 * 0.85 for rearing habitat.

Source Documentation: Swift, C.H. 1976. Estima
tion of Stream Discharges Preferred by Steel head 
Trout for Spawning and Rearing in Western Washing
ton. United States Geological Survey Open File 
Report 75-155. Tacoma, Washington. 50 pp.

Objective: To develop equations (using geomorphic 
input variables) useful for estimating the dis
charges that provide the maximum area for steel- 
head spawning, the spawning-sustaining discharge 
(defined above), but not less than 75% of the dis
charge producing the maximum spawning area, and 
the optimum rearing discharge. These equations, 
coupled with other requirements for steel head 
propagation, are intended to be used for allocat
ing stream flows on other streams.

Level of Effort: Low. All of the variables can 
be obtained from topographic maps.

Model Development At four cross sections at 54 
different sites on 18 different streams, Swift 
measured the area having depths of 0 .7-2.3 ft and 
velocities of 1.2-3.3 ft * sec" 1 at (usually) 10 
different discharges, then plotted the area of 
preferred depth and velocity versus discharge and 
fitted a curve to it using the moving parabolic

Y^O.2 3 4. q s , 5 . 4 9  Y ^ * 480 * y 2° * 258 * V 4 " 0 , 1 7 9

arc technique. The peak of the curve was consi
dered to be the Qdv, and the Qs was calculated 
from the shape of the ascending limb of the curve. 
The Qr was calculated entirely differently, using 
only a plot of wetted perimeter versus discharge, 
and selecting a point on it "at the inflection of 
the curve".

Basic Assumptions: That the most appropriate form 
of the linear regression model is a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion is that the "Inflection point" in the wetted 
perimeter versus discharge curve is identifiable 
and 1s a reasonable criterion.

Limitations and Constraints: The model does not 
address the question of whether either Qdv or Qs 
are needed 1n any given situation, and does not 
justify the Qs or Qr criteria. Also, it is
unlikely that the model could be geographically 
transportable, though the same techniques could be 
used elsewhere.

Relationship to Other Methods: Identical to
Collings (1974).

Quality of the Documentation: Complete.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This method is quite interest
ing in that it provides a technique for using 
readily available map data to arrive at the same 
result that would be obtained using intensive 
transect measurements at many discharges. It is a 
sensible and successful attempt to find easily 
measured surrogate variables to predict optimum 
spawning discharges for anadromous species which 
may be limited by spawning site availability.



Methodology: SWIFT'S STEELHEAD TROUT TOE-WIDTH METHOD

Type of Method: EMPIRICAL USING HYDRAULIC VARIABLES

Equation: Qdy = 1 . 5 5  (TW)1*16; Qs * 1.45 (TW)1*05;

Qdv * Preferred spawning discharge (ft^ * sec“1), 
the discharge resulting 1n maximum spawnable area

q$ * Spawning sustaining discharge (ft^ * sec*1), 
the discharge at which the percentage rate of 
reduction 1n discharge equals the percentage rate 
of reduction 1n maximum spawnable area as dis
charge 1s decreased 1n Increments of 5, 10, 15 and 
25% of Qdy

Qr * Rearing Discharge; a discharge "selected at 
the Inflection of the curve [of wetted perimeter 
vs * discharge] where wetted perimeter begins to 
decrease rapidly as discharge decreases"

TW = Width at toe of bank (defined as the 
horizontal distance "from the point where the 
streambed and one bank join, to the ground surface 
on the other bank" [we find this definition 
unclear]

Correlation Coefficient: r2 * o.90 for Qdy, r2 * 
0.87 for Qs, r2 * 0.81 for rearing habitat

Source Documentation: Swift, C.H. 1976. Estima
tion of stream discharges preferred by steel head 
trout for spawning and rearing in Western Washing
ton. United States Geological Survey Open File 
Report 75-155. Tacoma, Washington. 50 pp.

Objective: To develop equations (using the toe-
width input variable) useful for estimating the 
discharges that provide the maximum area for 
steelhead spawning, the spawning-sustaining dis
charge (defined above - not less than 75% of the 
discharge producing the maximum spawning area) and 
the optimum rearing discharge. These equations, 
coupled with other requirements for steelhead 
propagation, are intended to be used for allocat
ing streamflows on other streams.

Level of Effort: Low. But toe-w1dth must be 
measured in the field.

Model Development: At four cross sections at 54 
different sites on 18 different streams, Swift 
measured the area having depths of 1 .7 -2 . 3  ft and 
velocities of 1 .2 -3 . 3  ft * sec“* at (usually) 10 

different discharges, then plotted the area of 
preferred depth and velocity versus discharge and 
fitted a curve to it using the moving parabolic

Qrz = 0.164 (TW) 1 *42

arc technique. The peak of the curve was consi
dered to be the Q^y, and the Qs was calculated 
from the shape of the ascending limb of the curve. 
The Qr was calculated entirely differently, using 
only a plot of wetted perimeter versus discharge, 
and selecting a point on it "at the Inflection of 
the curve".

Basic Assumptions: That the most appropriate form 
of the linear regression model is a power 
function, and that the simple binary criteria for 
depth and velocity suitability are accurate and 
appropriate. For rearing discharges, the assump
tion is that the "inflection point" 1n the wetted 
perimeter versus discharge curve is identifiable 
and is a reasonable criterion.

Limitations and Constraints: The model does not

address the question of whether either Q^y or Qs 
are needed in any given situation, and does not 
justify the Qs or Qr criteria. Also, it is 
unlikely that the model could be geographically 
transportable, though the same techniques could be 
used elsewhere.

Relationship to Other Methods: A subset of the 
work of Collings (1974) and other studies in the 
source document.

Quality of the Documentation: Complete.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons mth Other Methods: None 
found.

Critical Opinion: This Washington Toe-Width
method is interesting because it produces strong 
correlations between a (presumably) easily mea
sured stream variable (the toe-width) and the 
empirically determined discharge causing maximum 
spawning habitat, somewhat decreased spawning 
habitat, and rearing habitat. The definition of 
toe-width is unclear to us, however, and we would 
have trouble applying the method for that reason.



Methodology: TAYLOR’S RIPARIAN VEGETATION MODEL

Type of Method: EMPIRICAL USING DISCHARGE AND BASIN VARIABLES 

Equation: ERSW = 4.95Q - 0.034Q2 - 0.057G + 0.621 - 0.02E

ERSW 3 Expected Riparian Strip Width (m)
Q 3 mean annual discharge 
G 3 gradient (m*km"^)
I 3 Incision Index (m)
E 3 elevation (m)

[The Incision Index 1s calculated by making 10-20 
measurements of the distance across a stream as 
determined by the 80-ft contour intervals on a 
1:62,500 USGS topographic map, averaging the 
distance, then halving the mean value. Heavily 
confined streams have Incision Indices of 20-40 m. 
Meandering streams have Indices of 100-200 m.]

Correlation Coefficient: None given, but Taylor 
states that the first two terms (Q and Q^) alone 
account for 44% of the variance in ERSW (r 3 0.66 
[?]) and the model with all terms accounts for 67% 
of the variance (r 3 0.82 [?]).

Source Docuaentatlon: Taylor, D.W. 1982.
Riparian Vegetation of the Eastern Sierra: 
Ecological Effects of Stream Diversions. 
Contribution No. 6 , Mono Basin Research Group.

Objective: To determine quantitatively the
relationship between hydrologic and physiographic 
variables characteristic of eastern Sierra 
watercourses and the width of the riparian strip, 
for use in assessing the relative import of 
proposed hydroelectric development.

Level of Effort: Low. To apply the model
predictively, the only data needed can be obtained 
in a few minutes from a standard USGS topographic 
map.

Data Requirements: Gradient, elevation, and inci
sion index from a topographic map.

Model Development: The model was developed from 
data on undiverted streams at elevations between
1,500 and 3,000 m on the eastern slope of the
Sierra Nevada in California. Riparian Strip Width, 
the response variable, was measured from 1:25,000 
aerial photographs to the nearst 2.5 m at 5-10 
points along homogeneous sections of stream and 
then averaged. The specific streams used are not 
identified. Average annual flows were taken from 
gauging stations operated by the City of Los
Angeles, but not necessarily in close proximity to 
the study sites. The rationale for construction 
of the model is not explicitly stated, but it
appears that at first a polynomial regression of 
riparian strip width on average annual flow was 
constructed, then additional terms were added

using multiple regression. Other variables 
(including maximum and minimum mean monthly flows) 
were considered but were rejected because they 
were correlated with the mean annual flow term, 
which had been arbitrarily chosen as the most 
important flow variable.

Basic Assumptions: The principal assumption (if 
this model is to be used for predicting the 
effects of diversions) 1s that riparian strip 
width is responsive to changes 1n flow. An 
important part of this assumption 1s that there 
will be an incremental decrease in the width of 
the riparian strip with any reduction in average 
annual flow (as opposed, say, to a reduction in 
minimum summer flows).

Limitations and Constraints: Since the width of 
the riparian strip 1s highly dependent on soil and 
geomorphological conditions, the model would be 
expected to be highly local in applicability, pos
sibly to only a short section of a given stream.

Relationship to Other Methods: This 1s a rela
tively standard empirical regression model, except 
for the initial selection and retention of a 
second-order term prior to multiple linear regres
sion.

Quality of the Documentation: Very limited.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found, 
although Skibltzke and Bowen (1983) comment on the 
same topic.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Since Taylor was attempting to 
build a model that would predict the effect of 
diversions, it would have been much better to 
study streams that have been diverted (of which 
there are many in the area he studied). There is, 
so far, no evidence that decreases in mean annual 
flow have the effects on riparian strip width that 
application of this model would predict. Inspec
tion of the second-order polynomial fit of aver
aged riparian strip width to mean discharge rate 
(Taylor's Figure 16) shows so much variance at 
flows greater than 0 .2m^*s“* that there is essen
tially no correlation at all, even in undiverted 
streams•



Methodology: TENNANT'S MONTANA METHOD

Type of Method: CONCEPTUAL USING DISCHARGE VARIABLES

Equation: Q minimum a 0.1 AAF, Q good 3 0.3 AAF, Q

Q minimum * minimum Instantaneous flow recom
mended to sustain short term survival 
habitat for most aquatic life forms.

Q good 3 base flow recommended to sustain good 
survival habitat for most aquatic life 
forms.

Q excellent * base flow recommended to provide 
excellent to outstanding habitat for 
most aquatic life forms and for the 
majority of recreational uses.

AAF * Average Annual Flow (listed as Average 
Discharge by the USGS).

Correlation Coefficient: None found

Source Documentation: Tennant, D.L. 1975.
Instream Flow Regimens for Fish, Wildlife, Recrea
tion and Related Environmental Uses. Manuscript, 
U.S. Fish and Wildlife Service, Billings, Montana 
30 pp. See also Tennant (1976).

Objective: A quick, easy method for determining
flows to protect aquatic resources usable for 
establishing minimum flow standards and opera
tional flow regimes.

Level of Effort: Very low to moderate. The basic 
method requires only that the average annual flow 
be known and that it be multiplied by a factor of 
between 0 . 1 0  and 0.60 to achieve the recommended 
flow. The technique for determining what multi
plication factor to use is not spelled out, and is 
apparently intended to be derived by looking at 
the stream over this range of discharges, possibly 
measuring average velocities, depths, and width, 
and in some way relating them to habitat require
ments of the target species.

Model Development: Sixteen hundred measurements 
of width, depth, and velocity showed that they all 
changed more rapidly from 0-10% ADF than at higher 
flows, and that at 10% AAF, 60% of the substrate 
was covered, depths averaged 1 ft, and velocities 
averaged 0.75 ft * sec“*.

Basic Assumptions: That the 0.1, 0.3, and 0.6 AAF 
criteria are appropriate.

excellent 3 0.6 AAF

Limitations and Constraints: The recommendations 
resulting from application of the method are com
pletely subjective and, as the author states, "The 
Montana Method can easily be modified to suit the 
convictions of any biologist...”. The essence of 
the method is to take photographs of the stream at 
various flows, then taking into consideration the 
assumptions noted above, recommend the most appro
priate and reasonable flow(s) that can be justi
fied to provide protection and habitat for all 
aquatic resources. The U.S. Department of the 
Interior Bureau of Land Management (BLM) Instream 
Flow Guidelines on the use of this method (Cuplin 
and Van Haveren 1979.) point out that as the 
method "depends entirely on mean annual flow ... 
1t would not take into account ... flow fluctua
tions or seasonal variability".

Relationship to Other Methods: None.

Quality of the Documentation: Tennant's publica
tions are not very explicit about the steps to 
take in applying the method.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: Bayha 1973, 
Tessman 1980.

Critical Review of the Method: Wesche and Rechard 
1980.

Published Comparisons With Other Methods: Hilgert
1982, Nehring 1979, Carron and McLelland 1980, 
Wyoming Game and Fish 1979, Annear and Condor
1983, Glover (undated), Horton and Cochnauer 
(undated), Orth and Maughan 1980, Turner et al. 
undated.

Critical Opinion: The main virtue of this method 
is that the only data it requires is the average 
annual flow. It allows the use of accessory habi
tat information, but provides little guidance on 
how to use it. Consequently, although it was 
intended by its authors as a technique for setting 
operational flows in a stream, it is too unsophis
ticated for that purpose by present standards.



Methodology: THOMPSON'S OREGON USABLE WIDTH METHOD

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED HYDRAULIC VARIABLES 

Equation: » 0.8QOS; Qp = Q.25tw and Q.10cw

* flows required to maintain 5.0 ppm 1 

Qm$ * minimum acceptable spawning flow

Qos * optimum spawning flow = the flow that covers 
the maximum amount of gravel with suitable 
depths and velocities

Qp ■ flow requirements for passage

Q#25tw * resulting in 25% of the total width 
being at least 0 . 8  ft (chlnook), 0 . 6  ft 
(coho, chum, steelhead and large trout), 
or 0.4 ft (trout) deep and velocities no 
greater than 8 . 0  ft * s“ 1 (all but
trout) or 4 ft * s“ 1 (trout).

Q.lOcw * flow that results 1n a single continuous 
cross-section of at least 1 0% of the 
total width meeting the Q 2 5^w criteria.

0*4 * minimum flow for incubation wmi

Correlation Coefficient: None found

Source Documentation: Thompson, K. 1974. Salmon- 
ids, in Anatomy of a River: An evaluation of 
water requirements for the Hell's Canyon reach of 
the Middle Snake River, pp. 85-103. Pacific 
Northwest River Basins Commissioner. Vancouver,
WA. 203 pp.

Objective: To establish minimum spawning,
incubation and passage flows.

Level of Effort: Moderate. Field data across 
transects must be collected at flows of interest, 
but there is no data processing to speak of.

Model Development: Not described.

Basic Assumptions: That the criteria chosen are 
appropriate.

Limitations and Constraints: The principal
limitation is the arbitrariness of the flow 
criteria. There is no way of knowing if they are 
necessary or sufficient. The binary velocity and 
depth criteria are also arbitrary and can result 
in misleading conclusions.

ntra-gravel O2 in spawning Waters' beds

Relationship to Other Methods: This microhabitat 
method is an outgrowth of work done by Sams and 
Pearson (1963) and is a forerunner of methods such 
as Waters' (1976) and Bovee's (1982), which use 
continuous (or multi-step discrete) functions 
rather than binary criteria for depth and velocity 
suitability. It presages them and is an advance 
over Sams and Pearson's one-step method, in that 
it measures depth and velocity at many points 
across transects rather than using averages across 
the entire stream.

Quality of the Documentation: The method used is 
adequately described, but the selection of 
criteria is not.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: Pruitt and 
Nadeau (1978) used the method with weighted rather 
than binary depth and velocity criteria.

Critical Review of the Method: Stalnaker and 
Arnette (1976), Wesche and Rechard (1980).

Published Comparisons U1th Other Methods: None 
found.

Critical Opinion: This microhabitat instream flow 
method is a precursor to microhabitat methods that 
use weighted rather than binary criteria, and that 
incorporate hydraulic models. It is one of the 
earliest developments of the concept of depth, 
velocity, and especially substrate size and 
dissolved oxygen criteria, but has now been super
seded.



A

Methodology: TRIAL ET AL.'S HEP/HSI ATLANTIC SALMON MODEL

Type of Method: CONCEPTUAL USING HYDRAULIC, STRUCTURAL, PHYSICAL, AND CHEMICAL VARIABLES 

Equation: HSI * [lowest of Vlt v2, V3 , V4, V5]*[V6*V7*V8]1/3*[V9*V10*VU ]l/3*nowest of

(Vi2*Vi3*V18)1/3, V14, V15, V16, V17] or the lowest of the values In [] If any 1s <0.4.

[Note: All variables are transformed and scaled 
from 0 - 1  prior to use in the above equation; 
different variables based on the same parameter 
are scaled differently]

Yx * maximum temperature 
Y2 * average temperature 
V3 * average turbidity 

= minimum oxygen 
Vg 3 minimum pH 
Yg 3 near-bottom velocity 
Yy = predominant substrate
Yg * depth
Vg * velocity
Y10 = predominant substrate
Yn  * depth

Y ^  * depth (reproduction)
v13 * velocity
V14 3 spawning temperature
Y^g * minimum pH in fall and winter
Yjg 3 embryo incubation temperature
Yjj * stream order
Yig * predominant substrate

Correlation Coefficient: r2 » 0.96 for parr*ha_1 

over an HSI range of 0.825-0.975 (3 data points) 
calculated from the data in the source document.

Source Documentation: Trial, J.G., C.S. Wade, and 
J.G. Stanley. HSI Models for Northeastern Fishes, 
in Proceedings Workshop on Fish Habitat Suita
bility Index Models (J.W. Terrell, ed.) Draft. 
FWS/OBS-84.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation 1s not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any 
predictive use it must be assumed also that there 
is some relationship between HSI and fish produc
tion.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
B1nns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: The source 
document includes a test.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: TRIAL ET AL.'S FWS/HSI BLACKNOSE DACE RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICAL WEIGHTED, HYDRAULIC, STRUCTURAL, PHYSICAL, AND CHEMICAL 
VARIABLES

Equation: HSI = [(4) _1 * (VL + v2 + V3 + V4 ) * {V5 2 * Vg ) 1 / 3  * (2)"J (CV7 * V8 * Vg2 ] 0 , 2 5  + V10)] 1 / 3  *[ ( V n  * v 12)0-5 * ( v13 *  v14)0,5 * ( v15 * v i 6 ) ° - ‘ ]
[Note: All variables are transformed and scaled 
from 0 - 1  from nonlinear curves before Inclusion in 
the model. A value of less than 0.4 in any of the 
components (adult, juvenile, fry, spawning, food- 
cover, water quality, shown above 1n parentheses 
1s assumed to be limiting and overrides computed 
model values, so HSI s minimum component value]

= % stream area shaded 

v 2 3 * pools
V3 ■ stream gradient (m/km) 
y^ * stream width

V5 * most suitable maximum water temperature (°C) 
during summer

V6 * mean turbidity (JTU) during growing season 
Vy * predominant substrate in riffle area

V 8 3 stream depth (cm) 1n spawning riffles 
Yg * mean velocity (cm/sec) in riffle area 
V10 = temperature range (°C) during spawning 
Y u  a predominant substrate in pools and slow 

channels
* mean velocity (cm/sec) in pools and slow 

channels
V13 m predominant substrate in riffle area 
Y14 * mean velocity in riffle area

V 15 - predominant substrate along stream margins 
Y^g a mean velocity along stream margins

Correlation Coefficient: r2 = 0.24 (calculated 
from the data contained in Trial et al. 1984.

Source Documentation: Trial, J.G. et al. 1983. 
Habitat Suitability Index Models: Blacknose Dace. 
US Fish and Wildlife Service. FWS/0BS-82/10.41. 
27 pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an Instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the
variables have to be measured in the field. For
use as an instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any predic
tive use, it must be assumed also that there is 
some relationship between HSI and blacknose dace 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables 1s similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: Trial et al. 
1984 showed weak correlation between HSI and 
standing crop.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose. The empirical test of it shows poor 
correlation between the HSI and standing crop.



Methodology: TRIAL ET AL.'S FWS/HSI COMMON SHINER RIVERINE MODEL A
Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED, HYDRAULIC, STRUCTURAL, PHYSICAL, AND CHEMICAL 

VARIABLES

Equation: HSI * C(VX * V2 * V3 ) 1 / 3  * 4* 1 * (V4 + V5 + V6 + V7) * (V4 * V8 2 * Vg)0*25]

[Note: All variables are transformed and scaled 
from 0-1 before being used in the model. A 
limiting-factor approach is used such that any 
component whose value is less than 0.4 is
considered to be limiting.]

HSI * Habitat Suitability Index 
Yj 3 maximal summer temperature (°C) persisting 

for longer than 1 week 
s minimal suitable pH during year

V3 » mean turbidity (JTU)
V4 3 predominant substrate type 
V5 * % pools
Vg * mean velocity (cm * sec**) at 60% of depth 

in pools
Yy * predominant pool type
Yg 3 mean water temperature (°C) during spawning 
Yg = mean velocity (cm * sec"*) just above 

substrate in riffle area

Correlation Coefficient: None found.

Source Documentation: Trial» J.G. et al• 1983.
Habitat Suitability Index Models: Common Shiner. 
US Fish and Wildlife Service. FWS/0BS-82/10.40. 
22 pp.

Objective: To convert habitat Information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an Instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the 
variables have to be measured in the field. For 
use as an Instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That these are the important 
variables and that the water quality and food- 
cover components represent the habitat require
ments for all life stages except for the reproduc
tive component, which is included as a separate

such that any component whose value is less than 
The selection of 0.4 as a limiting level is arbi
trary.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation:' The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: TRIAL ET AL.'S FWS/HSI FALLFISH RIVERINE MODEL

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTED, HYDRAULIC, STRUCTURAL, AND OTHER PHYSICAL AND 
CHEMICAL VARIABLES

Equation: HSI = 2'1 * [(V, * V 2 )0,5 + (V3 * V 4 * [V5 * Vg])1/31

[Note: All variables are transformed and scaled 
from 0 - 1  before inclusion in the model]

HSI 3 Habitat Suitability Index 
Yj * mean water temperature (°C) during warmest 

part of year for longer than 1 week 
V2 * mean turbidity (JTU)

V3 * most common depth (m) at 1/4, 1/2, 3/4 dis
tance across streamv4 = temperature from 1 2-2 0°C during spawning 
season

V5 3 predominant stream substrate type 
Yg * abundance of cover near spawning areas

Correlation Coefficient: None found.

Source Documentation: Trial, J.G. et al. 1983. 
Habitat Suitability Index Models: Fallfish. US 
Fish and Wildlife Service. FWS/0BS-82/10.48. 15
pp.

Objective: To convert habitat information into a
numerical rating (Habitat Suitability Index) of 
the habitat quality. This HEP model was not 
intended to be used as an instream flow method, 
but it has many input variables which vary with 
discharge, and consequently can be used to predict 
the effect of discharge on habitat suitability, 
and, by extension, carrying capacity and standing 
crop.

Level of Effort: Moderate to high. Most of the
variables have to be measured in the field. For
use as an instream flow model they would have to 
be measured at several flows, including the ones 
of interest.

Model Development: The variables were selected 
because they were hypothesized to be important. 
They were then transformed and scaled from 0-1 
based on information in the literature and
personal observations. The basis for the complex 
aggregation of the final equation is not explained 
in the model documentation.

Basic Assumptions: That the appropriate variables 
were chosen, that they were transformed correctly, 
that they all have equal weight, and that the 
aggregation used is appropriate. For any
predictive use it must be assumed also that there 
is some relationship between HSI and fish 
production.

Limitations and Constraints: Complete lack of 
evidence that the model output (HSI) is indicative 
of true habitat suitability, carrying capacity, or 
standing crop.

Relationship to Other Methods: Closely related to 
all other FWS/HEP models. The technique for 
scaling variables is similar to the one used by 
Binns and Eiserman (1979).

Quality of the Documentation: The basis for the 
aggregation technique is not explained.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This, like the other HEP/HSI 
models, is useful in the sense that it focuses 
attention on the process of choosing,
transforming, scaling, and combining variables and 
suggests that many variables have an effect on 
habitat suitability. At present, however, there 
is little justification for using it for any other 
purpose.



Methodology: WATERS' CALIFORNIA METHOD

Type of Method: CONCEPTUAL USING BIOLOGICALLY HYDRAULIC AND STRUCTURAL VARIABLES

n
Equation: RHU * * D-j * S-j * Ĉ

1 * 1

RHU * relative habitat units
V-l * velocity transformed and scaled at transect 

point 1

* depth transformed and scaled at transect 
point i

Si * substrate categorized and scaled at transect 
point i

^i * cover categorized and scaled at transect 
point 1

[RHU values are calculated at several different 
discharges along several transects, and different 
transformation curves are used for resting micro- 
habitat, spawning, and food production]

Correlation Coefficient: None found.

Source Documentation: Waters, B.F. 1976. A 
methodology for evaluating the effects of dif
ferent stream flows on salmonid habitat, 1n Proc. 
Symp. and Specialty Conference on Instream Flow 
Needs (J.F. Orsborn and Allman, eds.), pp. 254- 
261. Am. Fish. Soc., Bethesda, MO.

Objective: To express quantitatively the rela
tionships between stream flow and available food- 
producing, spawning, resting microhabitat, and 
cover areas for trout.

Level of Effort: High. Requires many hydraulic 
measurements at multiple flows.

Model Development: Velocity, depth, substrate 
type, and cover type were chosen as the concep
tually important aspects of microhabitat for 
trout. Three different activities were selected 
for analysis: resting, spawning, food production. 
The transformation (weighting) curves were based 
on a literature review.

Basic Assumptions: That velocity, depth, sub
strate category, and cover type are the variables 
important to trout welfare; that the transforma
tion curves used reflect value of the habitat to 
trout; that the multiplicative technique of vari
ables scaled from 0 - 1  is the appropriate aggrega
tion technique.

Limitations and Constraints: The plotted results 
of each of the three habitat categories versus 
discharge do not inherently provide any basis for 
determining appropriate instream flows. The 
curves only provide Information on the rate of 
change of habitat with change of discharge. They 
provide no Information on the absolute amount of 
habitat, or any way to determine what the appro
priate amount 1s.

Relationship to Other Methods: This is the paper 
on which the USFWS IFIM 1s based, and is essen
tially identical to the HABTAT portion of 1t.

Quality of the Documentation: Complete.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: Bovee 1982, 
and most of the other publications of the USFWS 
Instream Flow Group.

Critical Review of the Method: Stalnaker and 
Arnette 1976, Wesche and Rechard 1980, Loar and 
Sala 1981.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This is the true precursor of 
the IFIM, which is an improvement over it only in 
the sense that it incorporates a hydraulic simula
tion model. A principal difficulty with both the 
Waters method and the IFIM is that neither 
provides any criteria for making a decision on the 
appropriate instream flow. Also, as in the IFIM, 
the arbitrary choice of input variables and method 
of aggregation, and the use of an unmeasurable 
output variable makes validation difficult.



Methodology: WEATHERRED ET AL.'S R2-CR0SS-81 SAG TAPE METHOD 

Type of Method: CONCEPTUAL USING HYDRAULIC VARIABLES

Equation: n » (1.486A * R2 / 3  * S1/2) * Q" 1

n * Manning's n, a dimensionless coefficient of 
roughness

A = cross sectional area (ft^)
R * hydraulic radius (ft) * A/P 
P » wetted perimeter (ft)
S * slope of water surface (%)
Q = discharge (ft^ * sec”*)

Correlation Coefficient: None found.

Source Docraentatlon: Weatherred, J.D., H.L.
Sllvey, and D.J. Pfankuch 1981. Program documen
tation for R2-CR0SS-81. Watershed Systems Devel
opment Group, USDA Forest Service, Fort Collins, 
CO. 45 pp.

Objective:. To estimate discharge, average velo
city, wetted perimeter, cross-sectional area, 
maximum water depth, and hydraulic radius for 
unmeasured stages and discharges on the basis of 
measurements made at a single discharge.

Level of Effort: Low to moderate. Depths and 
water surface slope must be measured once in the 
field at transects of interest.

Model Development: The R2-CR0SS-81 computer pro
gram utilizes field measurements of depth at a 
number of points along a transect at a single 
discharge to calculate cross sectional area and 
wetted perimeter at that discharge. It then uses 
these terms, water surface slope measured at that 
discharge, and Q, either obtained from a gauge or 
measured in the field, possibly at the same tran
sect, to calculate Manning's n. Although the 
documentation is not explicit, it appears that the 
program subsequently treats S and n as constants, 
and based on the channel bottom configuration and 
using Manning's equation, recalculates Q, top 
width of water surface, average depth, average 
velocity, maximum depth, cross-sectional area, 
wetted perimeter, and hydraulic radius for user- 
selected stages (water surface elevations).

Basic Assumptions: This model calls for the use 
of water surface slope rather than energy slope in 
the Manning's equation. This assumption is vio
lated unless a uniform flow condition exists at 
the measurement transect (i.e., water cross-sec
tional area and depth remain constant over a cer
tain reach of channel and the velocity remains the 
same upstream and downstream of the measurement 
transect). (Uniform flow conditions do not

usually exist in streams with complex beds and 
frequent changes of gradient.) This model also 
assumes that an average Manning's n across the 
entire stream is realistic (which is true only 1f 
the substrate size 1s uniform) and that Manning's 
n is constant with changes in flow, also unlikely 
to be true over a wide range of flows. It also 
assumes that S does not vary with flow, which 1s 
usually also untrue.

Limitations and Constraints: The assumptions
listed above make extrapolation to flows other 
than the measured one more or less uncertain, 
depending on the complexity of the stream. The 
model also calculates only average depth and velo
city for the entire channel, and in complex 
channels, these values may be very poorly indica
tive of the range and distribution of velocities 
and depths to which aquatic organisms respond. 
The R2-CR0SS-81 model has no biological component, 
and thus must be used in conjunction with a habi
tat model to arrive at biological conclusions. 
Various authors have used Its different outputs 
versus Q to estimate habitat.

Relationship to Other Methods: This model is a 
simple Manning's equation approach to characteriz
ing stream hydraulics at flows other than the one 
measured. More complex models based on the same 
equation include the WSP (Bovee and Milhouse 
1978), HEC-2 (U.S. Army Corps of Engineers), and 
PSEUDO (Bureau of Land Management).

Quality of the Documentation: The internal calcu
lations of the model are not described.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: Nehring 
1979, Curran and McLelland 1980.

Critical Opinion: If the only variables of
interest are average depth and velocity as func
tions of flow, this model is probably adequate in 
streams of uniform slope and substrate type. 
Other models based on the same principle that 
treat the cross section cell by cell (e.g., the 
WSP model) give a much more fine-grained habitat 
characterization, however.



Methodology: WESCHE'S WRRI TROUT COVER RATING METHOO

Type of Method: CONCEPTUAL USING BIOLOGICALLY WEIGHTEO HYDRAULIC AND STRUCTURAL VARIABLES

Equation: WCR = PFobc*(LFobc*T*1) ♦ PFr_b*(Ar_b*SA_1); SC » ant1logl0(0.0204 + 5.338WCR)

WCR 3 WRRI [Water Resources Research Institute] 
Cover Rating (dimensionless)

SC 3 Standing Crop (lbs trout *acre-1)

P^obc * Preference factor of trout for overhead 
cover (dlmenslonsless)

^obc * ft of overhead bank cover j>*0.5 ft deep 
and _>«0.3 ft wide (ft)

T 3 length of thalweg 1n study section (ft) 
ppr_b s preference factor of trout for Instream 

rubble-boulder aquatic vegetation areas 
(dimensionless)

Ar_b * surface area having depth>3 0.5* and 
substrate >»3" (ft*)

[Preference factor is defined as 0.75 for trout 
>6" long ( except in boulder and rubble areas 
where 1t 1s 0.25), and 0.50 for trout <6 " long. A 
slightly different model was used for large 
streams]

Correlation Coefficient: r^ between SC and WCR 
for smaller streams 3 0.36 when all data were used 
and 0 . 5 9  when data within each reach were averaged 
before calculation of r^.

Source Documentation: Wesche, T.A. 1980. The 
WRRI Trout Cover Rating Method: Development and 
Application. Water Resour. Ser. 78. Water Re
sources Research Institute, University of Wyoming, 
Laramie. 46 PP.

Objective: To establish a mathematical rela
tionship between an index of cover and trout 
standing crop for use in Instream flow modeling.

Level of Effort: Moderate. Much field work is 
required, but it is not particularly technical or 
demanding. There is very little data reduction 
needed.

Model Development: Not described.

Data Requirements: Requires field measurement of 
overhead bank cover, depth, and substrate size 
along transects at all flows of interest. Enough 
transects must be used to fully characterize the 
habitat, and there is no accompanying simulation 
method for predicting cover at different flows. 
Data analysis, however, is simple and can be done 
on a hand calculator. The output (either WCR or 
SC) could be plotted against discharge to form 
curves similar to IFIM curves of WUA vs. dis
charge.

Basic Assumptions: That the preference factors are 
accurate. No experimentation was done with the 
model to determine if other preference functions 
resulted 1n better fits.

Limitations and Constraints: The cover rating 
(WCR) is correlated to varying degrees with stan
ding crop for brown trout, but for most subsets of 
the data tested by Wesche has a high coefficient 
of variation and 1s thus not very useful for 
predicting standing crop, and clearly is not 
predictive of standing crop for brook trout or 
cutthroat trout.

Relationship to Other Methods: The WRRI Trout 
Cover Habitat Rating Method produces an index of 
cover (WCR) which could be used by itself as a 
surrogate for habitat quality (comparable to the 
WUA of the IFIM PHABSIM method) and thus is com
parable to the output of the FWS IFIM and HEP 
methods. Alternatively, 1t could be used as the 
basis for a habitat suitability Index curve and 
would then be suitable for incorporation as one of 
the variables in a multivariate model like those
of Binns and Eiserman and the FWS HEP group.
Since, at least for brown trout, there is a corre
lation between WCR and SC, and Wesche has devel
oped the equation (shown above) by developing a 
relationship between WCR and discharge in a parti
cular stream, brown trout standing crop should be 
predictable on the basis of discharge.

Quality of the Documentation: Completely docu
mented.

Experimental Tests of the Method: Wesche 1980.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: Although this method is inten
ded to characterize trout habitat on the basis of 
cover, since it uses depth and substrate criteria 
for non-cover areas it is really a multivariate 
model. It is interesting that velocity, which is 
prominent in many similar models, is not included 
as one of the terms. The apparently strong corre
lations between standing crop and the cover vari
ables suggest that cover should be incorporated in 
any predictive model. This study was done on 
undiverted streams, and therefore my not be appli
cable to predicting trout standing crops following 
diversion.



X

Methodology: WHITE'S IDAHO INSTREAM FLOW METHOD 

Type of Method: CONCEPTUAL USING HYORAULIC VARIABLES

Equation: None - the method uses the WSP computer program to generate a plot of wetted perimeter versus
discharge.

Correlation Coefficient: None found.

Source Documentation: White» R.G. 1976. A 
methodology for recommending stream resource main
tenance flows for large rivers, jhi Proc. Symp. 
and Speciality Conf. on Instream Flow Needs (J.F. 
Orsborn and C.H. Allman, eds.), Yol. II, pp. 376- 
399. Am. Fish Soc., Bethesda, MO.

Objective: To predict loss of habitat at reduced 
discharges, utilizing a computer hydraulic simula
tion model and relate this loss to physical and 
biological requirements. Also to recommend appro
priate flows for passage, spawning, and rearing.

Level of Effort: Moderate. A thorough reconnais
sance is followed by selection of transects repre
sentative of passage, spawning, and rearing habi
tat for key species.

Model Development: Passage selection criteria are 
arbitrarily defined as a minimum continuous depth 
of 5 ft over 25% of the potential block. Spawning 
criteria are defined as "some specified percent of 
the discharge resulting in maximum spawning area 
on 3 transects, [but is not specified]". Rearing 
criteria are defined as the "inflection point" on 
the wetted perimeter versus discharge curve, but 
is conditioned with the statement that "no studies 
have been reported which were specifically 
designed to determine the validity of this [cri
terion]". The instructions for determining recom
mended flows are: "After analysis of field data, 
recommended flows are assigned by month or 2 -week 
period for each biological activity. The stream 
resource maintenance flow which is the highest for 
the critical biological activity of any given time 
period is the flow selected. Although the above 
approach does not take into consideration resident 
and/or anadromous salmonids, where these species 
are important their flow requirements should be 
evaluated as part of the overall recommendations."

Basic Assumptions: That the WSP model accurately 
reflects hydraulic changes with discharges, and 
that the criteria applied have biological 
validity.

Limitations and Constraints: The criteria for 
recommended flows are either arbitrary (for 
passage), undefined (for spawning), or unspecific 
(the point on the wetted perimeter curve 
identifying the appropriate rearing flow is not 
clearly identified).

Relationship to Other Methods: The wetted
perimeter criterion is that of Collings (1974) and 
Nelson (1980).

Quality of the Documentation: Very little
information provided.

Experimental Tests of the Method: Some data are 
available in Randolph and White (1984).

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons U1th Other Methods: None 
found.

Critical Opinion: The method, as presented in the 
source document, is essentially unsupported and so 
non-specific that even if applied, it would be 
difficult to know what to do with the output.



Methodology: WHITE ET AL.’S MIDWESTERN TROUT MODELS 

Type of Method: EMPIRICAL DISCHARGE + BIOLOGICAL VARIABLES

Equations: SCX = 1 5 9 3 + 75 Vx - 21 V2 + 63 V3 , R2 a 0.95, (Brook + Brown Trout)
SC2 * 10.8 + 0.887 V3 - 0.246 Vg. R2 - 0.94, (Brook + Brown Trout) 
S C 1 * 1105 + 105 Vi - 77 V3 , R2 * 0.83, (Brown Trout)
SCj * 1924 + 142 Vi - 3.4 R2 a 0.83, (Brown Trout)
S C 1 * 3977 - 0.897 V5, R2 - 0.82, (Brook Trout)
[only models with R2 > 0.80 are Included]

= standing crop (# of age- 0  trout)
$ 0 2 s standing crop (kg/km)

» mean flow, Jan-Feb (cfs)
Y2 * maximum flow, Mar 11 - May 31 (cfs)
V3 = mean flow, Jun-Aug (cfs)
Y^ a peak momentum flow, Nov 1 - Mar 10 (cfs)

Vg * maximum daily flow, Nov 1 - Mar 10 (cfs)
Yg * standing crop in the previous spring (kg/km)

Correlation Coefficient: Shown along with
equations.

Source Documentation: White, R.J., E.A. Hansen, 
and G.A. Alexander. 1976. Relationship of trout 
abundance to stream flow in Midwestern streams, 
Proc. Symp. and Specialty Conf. on Instream Flow 
Needs (S.F. Orsborn and C.H. Allman, eds., Vol. 
II, pp. 597-615. Am. Fish. Soc., Bethesda, MD.

Objective: To determine, using multiple linear
regression analysis, the most important flow 
variables affecting the numbers of age- 0  brown and 
brook trout, and the biomass of brown and brook 
trout in Midwest streams.

Level of Effort: Low. Most equations require 
data available from gauge records.

Model Development: The above (and some
additional) variables were used in multiple linear 
regression analyses, and the best models (those 
with R2 >0.80) are shown above. The purpose was 
to determine which, if any, flow variables were 
correlated with standing crop. Absolute values of 
mean winter flow were most strongly correlated, 
and absolute values of mean summer flow were next 
most strongly correlated.

Basic Assumptions: That the input variables are 
independent of one another (unlikely) and (for the 
interpretation) that there was a causal relation
ship between flow and standing crop rather than an 
incidental one related to unmeasured variables.

Limitations and Constraints: The purpose of the 
study was to find out which variables were impor
tant. The values of the parameters and the equa
tions were developed for individual streams, and 
thus cannot be extrapolated to other streams.

Relationship to Other Methods: Many other
multiple linear regression models similar to this 
are reviewed in this report.

Quality of the Documentation: Complete, other
than original data.

Experimental Tests of the Method: None found.

Published Enhancements to the Method: None found.

Critical Review of the Method: None found.

Published Comparisons With Other Methods: None 
found.

Critical Opinion: This paper shows fairly strong 
relationships between absolute mean summer and 
winter flows and midwest trout populations. The 
equations cannot be used on other streams, and 
mean flows do not necessarily reflect minimum or 
sustained flow levels, but within the bounds of 
the study, the implication that standing crop is 
positively related to mean flow is clear.



A STREAM CLASSIFICATION SYSTEM - l 

DAVID L. ROSGEN

Abstract,— A stream classification'system is 
presented which categorizes various stream types by 
morphological characteristics. Delineation criteria are 
stream gradient, -sinuosity, width/depth ratio, channel 
materials, entrenchment, confinement, and soil/landform 
features. Applications include riparian management 
guidelines, fisheries habitat interpretations, hydraulic 
geometry and sediment transport relationships.

INTRODUCTION

It has long been a goal for individuals 
working with rivers to define and understand the 
processes which influence the pattern and 
character of river systems. Their differences 
as well as their similarities under diverse 
settings pose a real challenge for study. One 
consistent axiom associated with rivers is that 
what initially appears complex is even more so 
under further investigation.

Obviously, over-simplification of such 
complex systems may appear presumptuous.
However, the need to categorize river systems 
by channel morphology is apparent for the 
following reasons: 1 ) the need to predict a 
rivers behavior from its appearance; 2 ) the need 
to extrapolate specific data collected on a 
given river reach to another of similar 
character and; 3) the need to provide a 
consistent and reproducible frame of reference 
for those working with river systems.

Stream Classification

The effort to classify streams is not new. 
Davis (1899) first divided rivers into three 
stages; youthful, mature, and old age.
Thornbury (1969) developed a system based on 
stream development in various valley types. 
Patterns were described as antecedent, 
superposed, consequent, and subsequent. The 
delineative criteria of these early 
classification systems required qualitative 
geomorphic interpretations creating delineative 
inconsistencies.

‘Paper presented at the symposium, Riparian 
Ecosystems and Their Management: Reconciling 
Conflicting Uses, April 16-18, Tucson, Arizona. 

2 I “MS'
Hydrologist, U.S. Forest Service, Fort 

Collins, Colo.

Straight, meandering, and braided patterns 
were described by Leopold and Wolman (1957).
Lane (1957) developed quantitative 
slope-discharge relationships for braided, 
intermediate, and meandering streams. Khan 
(1971) similarly related sinuosity, slope, and 
channel pattern for sand bed channels.

One of the more popular classification 
schemes was developed by Schumn (1963). 
Delineation is based on channel stability 
(stable, eroding, or depositing) and mode of 
sediment transport (mixed load, suspended load, 
and bedload). Applications of this procedure 
have been used on Canadian Rivers by Mollard 
(1973). Other classification schemes have been 
developed by Melton (1935), Matthes (1956), Gal ay 
et al. (1973), and Kellerhals et al. (1972). A 
descriptive classification was also developed by 
Culbertson et al., (1967) which utilized 
depositional features, vegetation, braiding 
patterns, sinuosity, meander scrolls, bank 
heights, levee formations, and floodplain types.

With certain limitations most of these 
classification systems met the objectives of 
their design. However, the requirement for more 
detailed, reproducible, quantitative applications 
in wildland hydrology led to the development of 
the classification system presented here.

Stream Classification Criteria

The purpose of this classification scheme is 
to categorize natural stream ehannels-on the 
basis of measurable morphological features.
Thus, consistent and reproducible descriptions 
and interpretations can be readily obtained over 
a wide range of hydrophysiographic regimes.

There are many observable stream channel 
features governed by the laws cf physics which 
operate to form the morphology of the present day 
channel. Stream morphology and related channel 
patterns are directly influenced by eight 
major variables including width, depth, velocity,



discharge, slope, roughness of channel materials 
sediment load and sediment size (Leopold et al. 
1964). A change 1n any one of these variables 
sets up a series of concurrent changes 1n the 
others, resulting 1n altered channel patterns. 
Since stream morphology 1s a result of an Inte
grative process of mutually adjusting variables, 
those most directly measurable have been incor
porated into the delineative criteria for stream 
types. Selection of the delineative criteria 
for stream classification was developed from 
detailed analysis of hundreds of streams over 
many hydrophysiographic regions and from 
portions of existing classification schemes.

The stream type classification is summarized 
in detail in Table 1 and includes the following 
criteria; channel gradient (measured as energy 
slope of the water surface); sinuosity (ratio of 
channel length to valley length); width/depth 
ratio (width at bankful stage divided by bankful 
depth); dominant particle size of bed and bank 
materials; entrenchment of channel and 
confinement of channel in valley; and landform 
features, soil credibility, and stability.

Estuarine streams are also classified 
utilizing a system developed by Fisher et al. 
(1969). This classification scheme describes 
delta types on the basis of deltaic sequences. 
Four major types are identified; high- 
constructive lobate; high constructive elongate; 
high-destructive, tide dominated; and high- 
destructive, wave dominated deltas (Table 2).

Streams incised in a mixture of glacial ice 
and inorganic debris are also classified 
(Table 2).

Data from glacial and estuarine stream types 
are limited. Therefore, detailed channel 
morphology needs field verification for further 
description.

Table 2.— Estuarine and Glacial Stream Types.

Estuarine Streams (Deltas)

El. High Constructive - Lobate shaped deltas with 
a wide, well defined delta plain and 
numerous distributary channels.

E2. High Constructive - Elongate deltas with a 
narrow delta plain with lateral distributary 
channels.

E3. High Destructive - Tide dominated deltas.
E4. High Destructive - Wave dominated deltas.

Glacial Streams

Gl. Streams incised in glacial ice with mixture 
of tills involving coarse textured materials 
including small boulders, cobble, gravels, 
sands, and some silt.

G2. Streams incised in glacial ice with materials 
of silts, clays, and some sands. Typical of 
glacio-lacustrine deposits. .

Table 1.—  Criteria for Stream Types.

STREAM
TYPE

GRADIENT SINUOSITY H/D
RATIO

DOMINANT PARTICLE 
S IZ E  OF CHANNEL 
MATERIALS

CHANNEL
ENTRENCHMENT-
VALLEY
CONFINEMENT

LANDFORM FEATURE -  
SOILS/STABILITY

A l 4 -10 1 . 0 - 1 . 1 10 o r  
less

Bedrock. Very deep/very 
well co n fin ed .

Deeply incised bedrock drainageway */  
steep side slopes and/or v e rtic a l rocs

A l-4 10 + ( C r i t e r i ! saae as A l)
w a lls .

A2 4 -10 1 . 1 - 1 . 2 10 o r 
less

larg e  & small boulders 
w/mixed cobble.

Sane Steep side slopes w /predoainantly stable 
m a te ria ls .

A2-d 10 ♦ (C r ite r ia saae as A2)

A3
Í

4 -10
1

1 . 1 - 1 . 3 10 or 
less

Small b oulders, cobble, 
coarse g ra v e l.

Saae Ste e p , depo sltional features w/predom
in a n tly  coarse texture d s o ils . Debris 
avalanche is the predominant erosional 
process. Stream adjacent slopes are 
rejuvenated w ith exte nsive exposed 
mineral s o i l .A3-a 10 ♦ ( C r ite r ia saae as A3)

A4 4 -10 1 .2 - 1 .4 10 o r  
less

Predoainantly g ra v e l, 
sand, and some s i l t s .

Sane Steep side slopes w /nixture o f  e ith e r 
deposltional landforms w ith fin e  
textured s o ils  such as g l a d o fl u v i a l  or 
g la c io la c u s trin e  deposits or h ig h ly 
erodable residual s o ils  such as grussic

A4-a

i

10 ♦ ( C r ite r ia saae as A4)

g r a n ite , e tc . S lu n p-e arth flow  and 
debris avalanche are dominant erosional 
processes. Stream adjacent slooes are 
rejuvenated.

j AS ! 4-10 1 .2 - 1 .4 10 or 
less

S i l t  and/or clay bed 
and bank m a te ria ls .

1
1 Sane Moderate to steep side slopes. Fine ! 

texture d cohesive s o il s , slum p-earthflow i
j AS-a 10 ♦ ( C r ite r ia saae as A5) 1

erosional processes nominate.



S T H D W  
TYPE 

*■ - -

GRADIENT
X

s i n u o s i t y W/D
R A T IO

DOMINANT P A R T IC LE
s i z e  o f  o iA m a
M A TER IA LS

C H A N N a  
E N T R E N O fC N T -  
Y A L L E Y  
C O N F IN O C N T

IANDF0AM FEATURE -
s o i l s / s t a b i l i t y

81-1 1 .5 -4 .0 1 .3 -1 .9 10 or 
greater

(1:15)

Bedrock bed, banks, 
cobble, grave l, same 
sand.

Shallow entrench
ment. Moderate 
confinement.

Bedrock controlled channel with coarse 1 
textured deposltlonel bank m aterials.

61 2 .5 -4 .0  

(T :3.S)

1 .2 -1 .3 5-15

(T :10 )
Predominantly sea11 
boulders, very large 
cobble.

Moderately 
entrenched/ 
w ill confined.

federately sta b le , coarse textured 
resistant so il e a te ria ls . Some coarse 
r iv e r  terraces.

82 l .S -2 .5

( 1 :2 .0 )
1 .3 -1 .5 >-20

(7:14)

Large cobble mixed «/ 
snail boulders A 
coarse gravel.

Mod. entrenched/ 
Mod. confined.

Coarse textu re d, a llu via ) terraces with ( 
s ta b le , moderately steep, side slopes.

B3 1 .5 -4 .0  

( 7 : 2 .S)

1 .3 -1 .7 8-20

(X:12>

Cobble bed w/ 
mixture of gravel A 
sand • some s m  11 
boulders.

Mod. entrenched/ 
well confined.

Glacial outMash terraces and/or rejuven- i 
ated slopes. Unstable, moderate to 
steep slopes. Unconsolidated, coarse 
textured unstable banks. Depositional 
landfores. j

1
84 1 .5 - 4 .0

(7 :2 .0 )

1 .5 -1 .7 8-20

(7:10)

Very coarse gravel w/ 
cobble eixed sand and 
fin e r  e a te r ia l.

Deeply entrenched/ 
well confined.

R e la tive ly fine r iv e r  terraces. Uncon
solidated coarse to fin e  deoosltlonal 
m ate rial. Steep side slopes. Highly 
unstable banks.

85 1 .5 -4 .0

(7 :2 .5 )

1 .5 -2 .0 S-2S

(7:15)

S ilt / c la y . Same Cohesive fine textured s o ils . Slueo- 
earthflow erosional processes.

Cl-1 1 .5  or 
lo s s

( 1 : 1 .0 )

1 .5 -2 .5 10 or 
greater

(7:30)

Bedrock bed, gravel,  
sand, o r fin e r  banks.

Shallow entrench
ment, poorly 
confined.

Bedrock controlled channel with depos1- 
tio nal fin e  grained benk m ate rial.

Cl 1 .2 -1 .5  

(1 :1 .3 )

1 .5 -2 .0 10 or 
greater

(7:18)

Cobble bed with 
mixture o f  saell 
boulders and coarse 
g rave l.

Mod. entrenched/ 
Mod. confined.

Predominantly coarse te xtu re d , stable 
high a llu v ia l terraces.

a 0 .3 - 1 .0  

( 7 :0 .6 )

1 .3 -1 .5 15-30

(7:20)

Large cobble bed w/ 
mixture o f  saall 
boulders A coarse 
g rave l.

Mod. entrenched/ 
well confined.

O v e r fit  channel, deeply Incised In 
coarse a llu via l terraces and/or 
deposltlonel features.

a 0 .5 -1 .0  

(T :(*)

1. 8 -2 .4 10 or 
greater

(7:22)

Gravel bed w/arl xture 
of saall cobble A 
sand.

Mod. entrenched/ 
s lig h t confined.

Predominantly moderate to fin e  textured 
m ultiple low r iv e r  terraces . Unstable 
banks, unconsolidated, noncoheslve s o ils .

C4 0 .1 -0 .5  

(X:Q3)

2 .5  ♦ 5 or 
greater

(1:25)

Sand bed w/arl xtures 
o f gravel A s i l t  
(no bed armor).

Mod. entrenched/ 
s lig h t confined.

Predominantly fin e  te xtu re d , alluvium ' 
with low flood terraces.

cs 0 .1  or 
less

( * : .  05)

2 .5  ♦ 5 or 
greater

(T :10 )

S M t/c la v  w/mixtures 
o f medium to fine 
sands (no bed armor).

Mod. entrenched/ 
s lig h t confined.

Low, fine textured a llu v ia l terraces, 
delta deposits, la c u s trin e , loess or 
other fine textured s o ils . Predomi
n an tly cohesive s o ils .

C6 0 .1  or 
less
(T :.0 5 )

2 .5  ♦ 3 or 
greater
(5T;5)

Sand bed w/a1xture 
o f s i l t  A some gravel.

Deep entrenched/ 
s lig h t confined.

Same as C4 except has more resistant 
banks.

01 1 .5  or 
greeter

(X :2.5)

N/A
Braided

N/A Cobble Bed »«/mixture 
o f  coarse gravel A 
sand A saall boulders.

S lig h t entrenched/ 
no confinement.

Glacial outwash, coarse depositional 
m a te ria l, highly erooable. Excess 
sediment supply o f coarse size  m aterial.

02 1 .5  or 
less

( X :1 .0 )

N/A
Braided

N/A Sand bed w/aixture of 
smalt to medium gravel 
A s i l t s .

S lig h t entrenched/ 
no confinement.

Fine textured depositional s o ils , very 
erodable -  excess o f  fine textured 
sediment.

Stream Sub-type Classification

Observations have indicated that over time 
’major .stream types can be altered in their 
pattern and associated response and feedback 
mechanisms by various influences. These 
influences can change specific factors of

fisheries habitat, sediment supply, channel 
stability, etc. These influences have been 
grouped into a series of physical characteristics 
used to delineate stream sub-types (Table 3). The 
stream sub-type criteria are: 1) riparian 
vegetation; 2) Organic debris and/or channel 
blockages, 3) stream size (width), 4) flow regimen



Table 3.—  Stream Sub-type Criteria

ORGANIC D O R I S/Charme 1 Blockages 

( 1 n A c tive  Charmai)

0 -1 Nona

0-2 Infreque nt d e b ris , w hat's present consists o f s *m ll , flo a ta b le  
organic d e b ris .

0-3 Moderate frequency, m ixture o f  small to medium s ize  debris 
a ffe c ts  less than 10X o f  a c tive  channel area.

0-4 Numerous debris m ixture o f  medium to large sizes
-  a ffe c tin g  up to 301 o f the area o f the a c tive  channel.

0-5 Debris dams o f predominantly large m aterial a ffe c tin g  over 
30X to 50X the channel area and often occupying the to ta l 
width o f  the a c tive  channel.

0-5 E x te n s iv e , large debris dams e ith e r continuous or Influencing 
over SOX o f channel area. Forces water onto flo o d  plain 
even w ith moderate flo w s . G enerally presents a fis h  
m igration blockage.

0 -7  Beaver dasts. Few and/or In fre q u e n t. Spacing allows 
f o r  normal streamflow conditions between dans.

0-8 Beaver dams -  Frequent. Back water occurs between d m  -  
stream flo w  v e lo c itie s  reduced between dams.

0-9 Beaver dams -  abandoned where numerous dams have f i l l e d  
1n with sediment and are causing channel adjustments o f 
la te r a l m ig ra tio n , e v u ls io n , and degradation e tc .

0 -10  Man made structures • d ive rsio n  dams, low dams,
c o n tro lle d  by-pass channels, b a ffle d  bed c o n fig u ratio n  
w ith  gabions, e tc .

RIPARIAN VEGETATION

Yl 

Y2 

Y3 

Y4 

VS 

V6 

Y7 

Y8 

Y9 

Yl 0

Rock

Bare s o i l ,  l i t t l e  to n o-vegetat1ve cover 

Annuals, forbs

Grass -■ perennial bunch grasses

Grass -  sod formers

Low brush species

High brush species

Coniferous trees

Deciduous trees

Wetlands

b .
c .

bog
fen
marsh

Note: Combinations o f  grass and brush understories w ith a coniferous 
o ve rsto ry can be designated by combining sub type numbers, 
i . e . ,  ( Y 4 ,7 .8 .)

Subscrip t le tte rs  may be used to Id e n tify  s p e c ific  ve g e tative  
a s s o c ia tio n s , s p é c ia tio n , h a b ita t ty p e s , or rip a ria n  types 
based on level o f  d e ta il required by stream type u se r.

STREAM S IZ E  (S)

S -l Bankful1 width less than 1 fo o t.

S-2 Bankful1 width 1 - 5 .

S-3 Bankful1 width 5 -1 5 .

5-4 Bankfull width 15-30 .

S-5 Bankful1 width 30-50.

S-6 8ankfull width 5 0-75.

S -7 Bankfull width 75 -10 0 .

S-3 Bankfull width 100-150.

S-9 Bankful 1 width 150-250.

$-10 Bankfull width 250-350.

S - l l Bankfull width 350-500.

*$ -12 Bankfull width 500-1000.

S - l 3 B ankful1 width 1000*.

FLOW REGIMEN

General Category

. E .  *  Ephemeral stream channels -  flows o n ly  in response to p r e c ip ita tio n .

S. •  Subterranean stream cnannel -  flows p a r a lle l to and near the
surface fo r  vario us seasons -  a sub-surface flow which follow s 
the stream channel bed.

I .  -  In te rm itte n t stream channel -  one which flows only se a s o n a lly, 
or s p o ra d ic a lly . Surface sources in vo lve  s p rin g s , snow m e lt ,*  
a r t i f i c i a l  c o n tr o ls , e tc .

P . -  Perennial stream channels. Surface water p e rs is ts  ye ar long.

S p e c ific  Category

1 . Seasonal v a r ia tio n  in stream flow dominated p rim a rily  by 
snowmelt r u n o ff .

2 . Seasonal v a r ia tio n  in stream flow dominated 
p rim a rily  by s to onflow r u n o ff .

3 . Uniform stage and associated stream flow due to spring 
fed c o n d itio n , backwater e tc .

4 . Stream flow  regulated by g la c ia l m e lt.

5. Regulated stream flo w  due to d iv e rs io n s , dam re le a s e , 
dew atering, e tc .

DEPOSITIONAL FEATURES (BARS)

B -l  P o in t Bars

B-2 P o in t 8ars w ith Few M1d Channel Bars 

B-3 Many Mid Channel Bars 

B-4 Side Bars 

B-S Diagonal Bars

3-6 Main Branching w ith Many Mid Bars and Islands

B -7 M1xec Side Ear and M1d Channel Bars 
Exceeding 2 - 3X Width

B-8 Delta Bars

MEANOER PATTERNS

M-l Regular Meander

M-2 Tortuous Meander

M-3 Irre g u la r  Meander

M-4 Truncated Meanders

M-5 Unconfined Meander S c ro lls

H-6 Confined Meander S c ro lls

M-7 I
D is to rte d  Meander Loops

M-8 Irre g u la r  w ith Oxbows, Oxbow C u to ffs

_______________ s____________________:_______________ i



(perennial, ephemeral, subterranean, Intermittent 
channels, streamflow variations and sources; 
stormflow, snovwnelt, glacial fed, etc.),
5) deposltlonal features, and 6 ) meander 
patterns.

As with the major stream types, these 
sub-types can be determined primarily from 
aerial photographs and topographic maps. The 
advantage of this more detailed sub-type 
delineation provides for higher resolution of 
interpretations while providing more flexibility 
for multiple applications.

Procedural Applications

The classification scheme is applicable only 
to certain river reaches as the river character 
can change in relatively short distances due to 
shifts in channel gradient, materials, entrench
ment, etc. The stream typing is designed to be 
accomplished by use of aerial photographs and 
topographic maps. Field checking, however, is 
important as the actual gradients, dominant 
particle sizes and width/depth ratios can be 
validated for each major stream type.

There are various appropriate levels of 
applications. For some, only the major stream 
type delineation would be required. For others, 
however, stream sub-types may provide the needed 
resolution for consistent interpretations. This 
particular classification has been in use since 
1978 for various applications including:
1 ) Development of minimum standards and 
guidelines for riparian areas; 2 ) establishment 
of sediment threshold limits for water yield 
models and soil loss-sediment supply evaluations;
3) development of hydraulic geometry y, 
relationships correlating discharge with width, 
depth, velocity slope, and cross-sectional area;
4) development of roughness coefficients for 
engineering calculations; and 5) relationships 
and coefficients for applications of tractive 
force equations; 6 ) establishing ratios of 
bedload to suspended load, nature, and size of 
sediment transport and sediment rating curves;
7) streampower/bedload transport rate 
relationships; 8 ) fisheries habitat 
interpretations; 9) fisheries habitat structural 
improvement guidelines; 1 0 ) channel stability 
relationships; 1 1 ) debris management guidelines; 
1 2 ) stream restoration guidelines, and 13) 
direct linkage with land systems inventory and 
analysis.

SUMMARY

The development of a quantitative stream 
classification system utilizing channel 
morphological indices provides for some 
consistency in defining stream types for 
potential universal applications. The system 
has a multitude of applications for various 
purposes involving stream systems. This may be 
the first approximation of a system which will 
be refined over the years, as our knowledge and

experience continues to fill in the narrowing 
gaps. It hopefully can be a vehicle to provide 
better communication between those studying 
riparian systems to promote a better understanding 
of river processes.
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