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PREFACE 

- - t .. - ' 

One of the habitat-based methodologies for impact assessment curr-ently in 
use by the U.S. Fish and Wildlife ServiCe fs the Habitat Evaluation Procedures 
(HEP) (U.S. Fish and Wildlife Service 1980).1 HE? is based on the assumption 
that the quality of an area as wildlife habitat at a specified target year can 
be described by a single number, called a Habitat Suitability Index (HSI). An 
HSI of 1.0 represents optimum habitat; an HSI of 0.0 represents unsuitable 
habitat. The verbal or mathematical rules by which an HSI is assigned to an 
area are called an HSI model. A series of Habitat Suitability Index (HSI) 
models, described by Schamberger et al. (1982),2 have been published to assist 
users in applying HE? 

HSI model building approaches are described in U.S. Fish and Wildlife 
Service (1981).1 One type of HSI model described in detail requires the 
development of Suitability Index (SI) graphs for habitat variables believed to 
be important for the growth, survival, standing crop, or other measure of 
well-being of a species. Suitability indices range from 0 to 1.0, with 1.0 
representing optimum conditions for the variable. When HSI models based on 
suitability indices are used, habitat variable values are measured, or 
estimated, and converted to SI's through the use of a Suitability Index graph 
for each variable. Individual SI I S are aggregated into an HSI. Standard 
methods for testing this type of HSI model did not exist at the time the 
studies reported in this document were performed. 

A workshop was held in Fort Collins, Colorado, February 14-15, 1983, that 
brought together biologists experienced in the use, development, and testing 
of aquatic HSI models, in an effort to address the following objectives: 
(1) review the needs of HSI model users; (2) discuss and document the results 
of aquatic HSI model tests; and (3) provide recommendations for the future 

1U.S. Fish and Wildlife, Service. 1980. Habitat Evaluation Procedures (HEP). 
102 ESM. U.S. Fish Wildl. Serv., Div. Ecol. Servo n.p. 

ZSchamberger, M. A., A. H. Farmer, and J. W. Terrell. 1982. Habitat suit
ability index models: introduction. U.S. Fish Wildl. Serv'....: 'FWSIOBS·:...'SZnO. 
2 pp. 

,. - - ~ ,. ) , 

lU. S.' F'i sh and 'Nil dl He' S~rvi ce. 1.981. Standards for the-':"d'evEll'opmant of 
habitat suitability index models. 103 ESM. U.S. Fish Wildl. Serv., Div. 
Ecol. Servo n.p. 
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development, testing, modification, and use of HSI models. Individual presen- • 
tations, group discussions, and group decision techniques were used to develop 
and present information at the meeting. A synthesis of the resulting concepts, 
results, and recommendations follows this preface. Subsequent papers describe 
individual tests of selected HSI models. Most of the tests involved comparison 
of values from HSI models or Suitability Index (SI) curves with standing crop, 
as required contractually. Time and budget constraints generally limited 
tests to the use of data previously collected for other purposes. 

- I . 

These proceedings are intended to help persons responsible for the devel
opment, testing I or use of HSI models by i ncreas i ng thei r understand; ng of 
potential uses and limitations of testing procedures and models based on 
aggregated Suitability Indices. Problems encountered when testing HSI models 
are described, model performance during tests is documented, and recommenda
tions for future model development and testing presented by the participants 
are listed and interpreted. 
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I NTRODUCT ION 

The test results presented in these proceedings focus on Habitat 
SUitability Index (HSI) models, based on aggregated SUitability Indices (SIl s ) 
for selected environmental variables. The Habitat Evaluation Procedures (HEP) 
(U.S. Fish and Wildlife Service 1980) also can accommodate the use of HSI 
models based on other types of data analyses (e.g., regression models or 
discriminant analyses) when appropriate. Some of the papers included in these 
proceedings describe the development, testing, and performance of models based 
on these other approaches. 

The purposes of this paper are to: (1) summarize and discuss the user 
needs and constraints identified at the workshop; (2) present the recommenda
tions of the workshop participants concerning the general" use, 1imits to 
application, and testing of HSI models; (3) provide a discussion of workshop 
deliberations and recommendations; and (4) present an opinion, as influenced 
by the workshop discussions, of the potential uses and <:urrent status of 
published HSI models based on aggregated Suitability Indices. This information 
should help users understand the characteristics of models similar to the 
tested models, potential model modifkations, the information base that is 
needed for mode 1 use, the procedures i nvo 1ved in usi ng and testing se 1ected 
models, and expected model performance. The recommendations of the workshop 
participants include individual opinions and were not necessarily endorsed by 
all participants. The summary of user needs and constraints, the discussion 
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of workshop deliberations and recommendations, and the 0plnlon on the potential • 
uses and status of published HSI models based on aggregated suitability indices 
described below represent our views of the selected topics and are not neces
sari ly the view of other workshop participants. 

User Needs and Constraints 

Assessment of the impacts of a proposed project or a habitat management 
activity is a complex process that generally requires definite yes or no 
decisions to proceed to the next level of assessment or to implement manage
ment or mitigation strategies. Persons evaluating development impacts may be 
faced with the necessity of making decisions even though all of the necessary 
or desirable information is not available. Therefore, a tool is needed that 
can be used to make the I1bestJl decision possible, consistent with the level of 
knowledge and time available. If applied properly, HSI models can· contribute 
meaningfully to this decision process. 

Responsibility for impact assessment usually rests with biologists in 
various field offices, such as the Ecological Services (ES) Offices of the 
U.S. Fish and Wildlife Service. These biologists often have to make decisions 
within a relatively short time period. There is a need, therefore, for habitat 
model s that have well documented assumptions and references to technical 
information used in their development. In addition to simplicity and general 
applicability, models should involve use of standardized terminology so that 
users do not have to learn a new and specialized jargon for each application. 
The rationale for including each model variable should be explained, and any • 
assumptions that must be met to use the model should be specifically stated. 
The most critical model variables should be listed, as well as substitute 
variables where substitution is possible. Users also need to know the relative 
importance of each variable and what to do if the sampling necessary to measure 
the variable cannot be accomplished. The geographical limits of model 
applicability also need to be stated. Finally, use of the model should not 
require the collection of extensive data sets, because assessments often have 
very limited time and money available for data acquisition. 

Each user of HSI model s must carefully develop and state the speci fi c 
objectives of the study in which HSI models will be appl ied. These study 
objectives help define the acceptable limits of model precision, generality, 
and realism. A complete description of reality is not the goal of building a 
model. Rather, a model simplifies reality effectively to apply existing 
knowledge to the timely solution of a specified problem. The user must decide 

·what type of model is appropriate given the available data base, constraints 
of time and money, and the importance of the pending decision. HSI models 
~ased on aggregated Suitability' Index (S1) curves can be an effective method 

.of applying existing knowledge to the timely solution of impact assessment 
problems. However, other HSI model s, based on different building techniques 

Je.g., statistically derived models), may be more appropriate for some types 
~of data bases and particular situations. 
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• It is difficult, if not impossible, to create a model that both meets all 
of the requirements listed above and that is accurate enough to differentiate 
between various management or impact alternatives throughout the range of a 
species. If an HSI model based on aggregated SIl s contains clearly described 
instructions, assumptions, and limits of applicability, it will, at a minimum, 
provide an organized system to document and defend the logic used to derive 
impact estimates. 

Workshop Participants' Recommendations 

The primary concl usion of the workshop participants was that habitat 
models are the best choice among the alternative tools currently available for 
decisionmaking when the aggregate impacts of proposed developments on various 
habitats must be assessed. The term lIhabi tat model Sll was not 1imited to 
models based on aggregated SI1s, but also included traditional statistical 
models, such as regression models for predicting standing crops, discriminant 
models for classifying habitat, use of individual 51 curves for impact analysis 
without aggregating the curves into a single HSI, and 51 curve useage for 
analyses other than HEP, such as the Instream Flow Incremental Methodology 
(IFIM) described by Bovee (1982). 

• 
Habitat models often do not provide narrow confidence limits for estimates 

of a response variable, such as standing crop; however, such limits are 
generally not needed in impact assessment. Human value judgements during an 
impact assessment can add an extra dimension of interpretation to simple 
estimates of changes in habitat. Even in situations where habitat models or 
51 curves provide only the most general estimate of the trend and magnitude of 
change of a selected response variable (e.g., survival rates} resulting from a 
habitat perturbation, they are logical, organized, and subject to improvement. 
The only alternative, in many cases, is reliance on lIexpert opinion ll of the 
person making the assessment. There is no justification for assuming that an 
llexpert opinion ll is more accurate or valid than a habitat model or 51 curve 
unless the accuracy of the opinion is subjected to the same systematic testing 
as the model or curves. The validity of poorly documented opinions may be 
more difficult to test than the validity of a structured model. 

Because specific decisions must be made for any proposed project, a 
single graphical or numerical value that represents the overall impact of 
changes in the habitat needs to be formulated. That value can be defined or 
undefined and developed formally or informally, logically or illogically, but 
one overall value or judgement is needed and will be used as a basis for 
decisions. The workshop participants agreed that habitat models represent the 
best method presently Slvailable for developing a summary value, even though 
model accuracy in predicting a selected response variable (e.g., standing 
crop) is often below that expected in more rigorous scientific research, 

The workshop participants developed a number of recommendations concerning 
the general use, limits to applications, and testing and modification of 
habitat models. These recommendations are prOVided below, by category. The 
numbering system is for organizational convenience and does not indicate or 

•
 
imply relative significance .
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General use of models •1.	 The level for confidence 1imits for model output used to differen
t i ate a1tern at i ves shoul d be 1eft to the di scret i on of the user; 
however, 75% usually is adequate in impact assessments. Confidence 
limits for individual suitability indices should be at the 90% 
level. 

2.	 Impact assessment does not require the formal development of an HS1 
model to aggregate the individual suitability indices. A comparison 
of before and after S1l s for individual habitat variables can be a 
useful impact assessment technique and can be used to discuss and 
modify project-induced changes in individual habitat variables. 

3.	 Each model should be able to function with a minimal data base 
(either existing data or data that can be collected within a 
relatively short time, such as 2 to 4 weeks). 

Limits to applications of models 

1.	 The geographic limits to model application should be clearly stated 
in each published model. 

2.	 Suitabil i ty Index curves in pub1i cat ions need to be 1arge enough 
for accurate i nterpretat ion. The 2" x 2" curve format may be too 
small for appropriate accuracy. 

3.	 Separate models are needed for di fferent types of habi tats (e. g. , •lakes versus rivers). 

4.	 A glossary of terms should be included, as well as instructions for 
measuring each variable used in the model. These additional 
instructions are especially important for variables with a high 
degree of temporal and spatial variability, such as temperature. 
The rationale for the inclusion of each variable in the model should 
be explained thoroughly. 

5.	 The effects of various levels of sampling intensity on model accuracy 
should be predicted and included in models, where possible. 

6.	 The fact that changes in HSI's calculated from models based on 
aggregated Suitability Indices are not equivalent to changes in 
standing crop and can, at best, be expected to correlate only with 
changes in carrying capacity, needs to be emphasized in published 
models. Additionally, there should be a statement that this type of 
HSI model cannot be expected to predict specific changes in popula
tion numbers resulting from various habitat management strategies. 

7.	 The potential impact of density-dependent variables on standing crop 
and the possible lack of correlation between HS11s and standing 
crops should be discussed in published models. 
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•	 8. The quality of data in the data sets used to develop each SI graph 
and	 the complete HSI model should be evaluated. For each graph, 
data points based on documented data should be indicated to inform 
users of the degree of professional judgement that was exercised in 
developing complete graphs. 

9.	 The rationale for assigning mathematical values to life requisite 
components and the overall HSI expression should be inc1uded in 
models. 

Testing and modification of SI curves and HSI models 

1.	 It would be desirable to test Suitabi 1ity Index curves over the 
whole range of poss;b1e values before including them in HSI models. 

2.	 A new or modified model needs to be tested against new data sets, 
not the data used in its development. 

3.	 Long term, before and after, studies are needed to test the predic
tive abilities of models; therefore, additional research and devel
opment funds are needed to support further habitat assessment work. 

• 
4. All of the hypotheses and aggregating strategies used in developing 

an HSI model should be tested, not just the final model. 

5.	 Each new model should be tested, crt least once, with real data 
before the model is pub li shed. A di scuss i on of the degree to whi ch 
a model has been tested should be inc1uded in all publications that 
describe the model. 

6.	 A single archive location for data sets used to develop and test HSI 
models should be estab1ished. 

Discussion of Workshop Deliberations and Recommendations 

Models can be developed and tested in a variety of ways. Simple direct 
comparisons of HSI's with standing crop estimates have not automatically led 
to an improved understanding of fish habitat requirements, although the steps 
required to complete the comparison have documented the feasibility (or 
infeasibility) of collecting adequate data to estimate the variables required 
to use the model. It is important to consider alternate model development and 
testing methods that will document model performance, improve the understanding 
of species habitat requirements, and, therefore, lead to a better habitat 
mode 1. 

• 
Model tests can be divided into two general categories, verification and 

validation, following the terminology of Farmer et al. (1982). Verification 
is the determination of whether or not the model performs the way the model 
builder or potential user expects it to behave and is not a test of how well 
the model depicts reality. A model can be verified by checking model output 
using sample data sets and through sensitivity analysis (Farmer et al. 1982), 
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as well as by applying the model in the field to determine if the variables • 
are realistically defined and measurable and if the model is logica1. Verifi
cation testing does not appear to present any major conceptual problems, as 
long as the veri fi er recogn i zes that counteri ntui t i ve resul ts wi th samp 1e 
(i .e., "made Up") data sets do not necessarily indicate a totally incorrect 
representation of the system being modeled. In other words, if the model is 
logically structured, counterintuitive answers could indicate that the testers 
intuition is incorrect. 

Validation is a test of whether or not the model output depicts reality. 
The accuracy of the model over a selected (or the entire) range of possible 
habitat variation is evaluated for validation. How far the test results 
should be extrapolated is a matter of personal preference. If the model is 
intended for use in impact assessments, it should be tested for both existing 
habitat conditions and habitat conditions that mimic proposed changes. 

Testing of models clearly requires both verification and validation. 
However, an HSI model cannot be validated [or, more correctly, invalidated, by 
understanding the model's degree of unreliability, as described by Holling 
(1978)] unless a complete definition of the basis of the model predictions 
(which are a 0.0 to 1.0 unitless index) is provided. An HSI consists of two 
pa rt s: 

Value of interest
HSI = Standard of comparison 

where the numerator and denominator must have the same units of measure (U.S. 
Fish and Wildlife S~~vice 1980). These units of measure (e.g., growth rate of •
individual fish in grams/day) are the basis of model predictions and must be 
specified before the model can be invalidated. The model is then tested as a 
predictor of the specified measurable response through the comparison of 
predicted values to actual values of the response. 

The Habitat Evaluation Procedures (HEP) (U.S. Fish and Wildlife Service 
1980) require more than a simple prediction of some measurable response. HEP 
is based on the assumption that the relationship between HSI and carrying 
capacity is linear or can be converted to a linear relationship. Determining 
the Il re liability " or accuracy of an HSI model in predicting "carrying capacity" 
requires the formulation of explicit assumptions of how a measurable response 
(e.g., growth rate of individual fish in grams/day) relates to carrying 
capacity. The accuracy of the model in predicting a value of interest (the 
numerator of the HSI assumed to represent carrying capacity) is then evaluated. 
Such testing does not directly prove (or disprove) the model I s abilfty to 
pred i ct or measure "carryi ng capacityll un less one is will i ng to accept the 
explicit assumptions on how a measurable response defines carrying capacity. 
If one is willing to accept these assumptions, model performance in predicting 
the measurable response is viewed as a test of the model IS ability to predict 
carrying capacity. If one does not accept the assumptions, model performance 
is viewed simply as a test of the model to predict the measurable response; no 
conclusions are made concerning model ability to predict carrrying capacity. 
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The usefulness of a model for an impact assessment depends on user objec
tives and constraints, in addition to accuracy. Biological systems are complex 
and the fact that a model adequately predicts or correlates with a selected 
response variable for one data set may not indicate that the model will work 
equally well with another data set, especially one from a different geograph
ical area. Models that can predict derived values (e.g., means and maxima) 
fairly accurately will provide much less accurate predictions of site specific 
values (e.g., standing crop at a specific stream reach). 

When an HSI is based on aggregated Sl l s for individual environmental 
variables, it is difficult to determine the point(s) at which the model has 
failed when it does fail. This problem is even more serious when complicated 
aggregat ion techn i ques are app 1i ed to data from SI curves developed from 
different responses and in a nonrigorous manner. Meaningful testing cannot be 
directed at critical model hypotheses and assumptions unless they are clearly 
defined. Simply diagraming a model and identifying assumed links between 
components, subcomponents, and variables is not sufficient to develop a falsi 
fiable, or testable, hypothesis. The links must be described in such a manner 
that they result in falsifiable predictions of some measurable response. Even 
when the final model output is a conceptual value (e.g., carrying capacity) 
for which predictions cannot be fal sHied and a test of the accuracy of the 
complete model is infeasible, the accuracy of the links should be testable. 

The test results described in these proceedings indicate that acceptable 
suitability index curves for individual variables can be developed, especially 
if the curve development technique is rigorously defined. However, different 
curves represent different measurable responses (e.g., growth, survival, 
habitat preferences, and standing crop) for both populations and individuals. 
Conversion of these responses to unitless suitability index curves results in 
a net loss of information to users unless the conversion is carefully 
documented. Biological and ecological processes represented by the original 
data tend to be obscured. What the individual SI curves represent varies 
depending on how the curve was developed, the quality and quantity of the data 
base, and the type of response used in development of the curves. When the 
curves represent different responses, it is unlikely that a uniform method of 
aggregating curves to predict a single response exists. 

The confidence limits or acceptance levels that should be applied to 
results from tests of HS1 models have not been firmly established. A 5% (or 
even a 1%) probability level is' often required in order to minimize the prob
ability of a Type I error (rejecting the tested hypothesis when it is true) in 
test results. However, such probability levels are rarely obtainable (or 
needed) in day-to-day. management decisionmaking. When analyzing test 
statistics, the probability of a Type II error (accepting the hypothesis when 
it is false) also must be considered. The model selected for a management 
application simply may be the one that is the best among the possible alterna
tives in terms of meeting multiple objectives, such as ease of use, accuracy, 
and cost of model application. The tested HSI models derived from aggregated 
suitability indices based on a variety of measurable responses were designed 
to reflect the magnitude and direction of change in the carrying capacity of a 
habitat for a selected species. Because carrying capacity is a concept 
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relating to what the habitat could support, an index of carrying capacity •. 
(e.g., the HSI) will not necessarily be a predictor of actual population 
numbers or the value of any other measurable response variable on a site 
specific basis. Decisions as to which model to use will depend on user 
experiences and the quantity and quality of models available. We suggest that 
test statistic values and probability levels be reported by model evaluators 
to help users make these decisions concerning appropriateness of model use, 
rather than trying to develop a standard level of acceptance for test statis
tics that must be met for all model applications. 

Improved models and model understanding can be achieved by reviewing the 
problems associated with HSI models based on aggregated suitability indices 
and how they were tested. Some of the problems can be solved relatively 
easily by including additional variables, substitution of new variables for 
the existing variables, or development and use of a different type of.model 
for particular applications. Other problems seem to be inherent in generalized 
habitat models. A model that provides the best fit to a particular data set 
may not be applicable to other data sets. In one test (Layher and Maughan 
1984), a model based on discriminant analysis fit a data set for Kansas fishes 
much better than did a general HSI model based on aggregated SI's. However, 
the discriminant model based on Kansas data provided predictions of the 
presence or absence of a species that were less accurate than would be expected 
by random guessing when applied to an Oklahoma data set. 

Particular problems associated with the testing of HSI models and inter
pretion of results are discussed below. Many of the test interpretation 
problems are related to difficulties in defining the relationship between the 
measured response variable (e.g., standing crop) and the concept of carrying 
capacity. The assumption that the model outputs can be directly correlated •with "carrying capacity" remains untested. No universally accepted, measure
able, definition of carrying capacity was developed, although Trial et al. 
(1984) described a useable definition, based on several years of standing crop 
data. 

The impact of short term 1oca 1i zed events, such as temperature or di s
solved oxygen levels, that are lethal or near lethal at a sampling location 
but which are avoided by fish because they are able to move to more suitable 
areas, were not accurately assessed with many of the models tested. This 
problem appears to be solvable by redefining the model variables to allow more 
fleXibility in when and where the data are collected (Gilbert 1984). In many 
cases, it is unknown if particular habitat variables in the models actually 
have any limiting effect on "carrying capacityll or the selected measurable 
response within the range of values reported in the data set. Questions then 
arise as to which variables should be included in the model, how values of 
variables should be estimated, and the relative importance of the variables in 
specific situations. Investigators found that some model variables seemed to 
be of little or no importance in predicting measurable responses of a par-tic
ular species in their area. whereas variables not originally in the model 
[e.g., a depth variable to account for drying out of borrow pits, as reported 
by Nelson and Miller (1984)] were of great importance. 
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For many of the tests reported in these proceedings, it was impossible to 
determine if the lack of correlation between model output (HSI) and the 
selected response variable (e.g., standing crop) was due to a correctable 
error in the model structure, the influence of variables not included in the 
model, or some other factor. There are two potential extremes of reasoning 
when model output (HSI) fails to correlate with the selected response variable. 
The first extreme is to always defend the model and argue that the test was 
inadequate. This reasoning is based on the fact that variables not in the 
model (e.g., biological interactions and sport fish harvest) are likely to 
have an impact on the response vari ab 1e. Un 1ess model tests are based on 
carefully screened long term population data sets where the impacts of 
variables not included in the model are known, the tests are rejected as 
inadequate. If this line of reasoning is followed, then a model based 
exclusively on habitat variables seldom, if ever, can be rejected as a totally 
erroneous model because it can be argued that a test was performed incorrectly. 
Given enough time and money to meet the data restrictions imposed by the 
described reasoning, it may be possible to build habitat models that accurately 
predict a measurable response for at least a short period of time and improve 
or reject poor models. However, this reasoning would fail to reject a totally, 
or almost totallY, incorrect model tested with imperfect field data sets. 
Imperfect data sets are all that are commonly available and were used for the 
tests reported in these proceedings. Very inaccurate models might be subjected 
to a very expensive testing program if they were not eliminated or improved 
based on less expensive tests . 

The second extreme of reasoning is to always reject models as being 
unacceptably formulated measures of carrying capacity if they fail to predict 
the selected response variable with a high degree of accuracy. There is a 
major problem with this reasoning. A model may, by chance, prOVide a reason
able representation of how the selected model variables interact to affect the 
selected response variable for a narrow range of conditions of additional 
vari ab 1es not i ncl uded in the model. If the range of va 1ues of these addi
tional variables not in the model is outside of this narrow range, the model 
will fail the test. Under these conditions, a complete rejection would 
el iminate model useage under the conditions where the model would have been 
accurate enough to use. A single test should not be the basis for complete 
model rejection. 

These two extremes of reasoning result from viewing testing as a 
"pass-fai]!' situation and from either accepting or rejecting some measurable 
response (e.g., standing crop) as an independent measure of Ilcarrying 
capacity". Both extremes view an HSI model as a hypothesis to be accepted or 
rejected ba sed on test· stat i st i c values. 80th vi ews are ba sed on a common 
concern for the consequences of making the wrong "pass-failll decision. Those 
who defend the model do not want to reject a model that might be adequate but 
was subject to a poor test. Those who tend to quickly reject a model do not 
want the use of a faulty model to lead to faulty impact assessments. A 
ba 1anced i nterpretat i on of Il pa ss-fa il ll types of tests is needed, as well as 
integrated model building and testing approaches that identify the reasons for 
model failure. When tests are performed, there should be a goal to obtain 
data to improve model accuracy and not merely to report a II pass ll or IIfail ll . 
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Tests conducted for the purpose of selecting a model for a spec ifi c 
impact assessment should emphasize a comparison of models. rather than simple •rejection or acceptance because the resource decisions may be made regardless 
of the test outcome. Tests also should include measures of variables not in 
the model that may influence the measured response variable and an estimate of 
the degree of influence of these variables. With this information. the 
predictive abilities of the model can be more accurately evaluated relative to 
the amount of variation in the measured response variable. For example, a 
tested model based on habitat variables might explain only 20% of the variation 
in a measured response variable (e.g., standing crop). However. if a model 
based on variables not in the habitat model accounted for 70% of the variation 
and the sources of variation were additive, the habitat model would account 
for two-thirds of the variation (30%) unexplained by the alternate model and 
mi ght be con s idered an acceptable model. Converse ly, if a tested habitat 
model accounted for 20% of the variation in a response variable, while an 
alternative habitat model based on the same environmental variables accounted 
for 60% of the variation in the response variable. the alternative model would 
likely be considered a mere accurate representation of the species' habitat 
requirements. The way that physical and chemical variables interact to affect 
a response variable may vary depending on the value of specific biological 
variables. Therefore. there ;s no ~ priori reason to exclude biological 
variables from H51 models. 

There are several options for the development and testing of 51 graphs 
and H5I models d~veloped from those graphs, based on the test results and the 
above discussion. One option for developing 51 graphs is to use the concept 
described by Li et al. (1984) as maximum performance and by Persons and 
Bul k1ey (1984) as a theoret i ca 1 regress i on 1i ne. Thi s method defi nes the 51 •for a selected value of an environmental variable as the quotient of the 
maximum val ue of the response variable observed in conjunction with the 
selected value of the environmental variable divided by the maximum value of 
the response variable ever observed. This method of curve construction 
logically leads to an H51 that is related to the maximum observed (rather than 
actual) value of a selected response variable. 

Another option for building an 51 graph is based on the average level of 
a response variable. Layher and Maughan (1984) developed this type of 51 
graph using an estimate of the average standing crop as the response variable. 
Th is method defi nes an 5I for a specifi ed value of an envi ronmenta 1 vari ab1e 
as the quotient of the average value of the response variable observed in 
conjunction with the specified value of the environmental variable divided by 
the maximum average value of the response variable ever observed. This method 
of curve construction logically leads to a model that predicts average values 
of a selected response variable. 51 graphs for a selected environmental 
variable may look very similar regardless of whether mean or maximum values of 
the selected response variable were used to develop the graph. 

Response variables selected by model testers for 51 graph construction 
tended to be population parameters (e.g .• standing crop). However, individual 
physiological responses (e.g., growth) and behavior-based responses (e.g., 
selection of specific environmental variable conditions by an individual) were 
often the basis of the suitability indices furnished to the model testers. •10 



• Regardless of how an S1 curve is built (maximum or average performance of 
individuals or populations)" it is difficult to develop a testable logic for 
combining S1's into a single HS1 when the individual SIl s depict response 
variables (e.g., growth and survival) based on different units of measure or 
the response variables are a mixture of individual and population responses. 
The HS1 models provided to the testers were invariably of this mixed type. 
Different types of responses are not directly comparable just because they 
have been converted to a un it1ess suitabil ity index. The tran sformat i on of 
different measurable responses (e.g., growth, surVival, standing crop, fish 
location, or catch per unit effort) to different environmental variables into 
a unitless, unmeasurable response (the suitability index) and the subsequent 
aggregat i on of these i ndi ces into an HSI can result in an unmeasurable HS1 
that is a concept rather than a hypothesis that can be invalidated. Tests 
consisting of simple HSl/measurable response comparisons provide data that can 
be used to evaluate model reasonableness for the specific test data. However, 
general model veracity as a predictor of ~HSIn cannot be disproved with such a 
test (or perhaps any test) because the unit (HSI) predicted by the model does 
not exist and cannot be measured. It is difficult, if not impossible, to 
determine if the correlation (or lack of correlation) between model output 
(HSI) and the response variable is due to model formulation problems or factors 
not considered in the model. 

• 
There are at least two model development and testing approaches that can 

be used to overcome this logic problem. One approach is to simply evaluate 
the usefulness (if not the veracity) of the concept represented by the HSI 
model. The other approach is to develop a model that makes falsifiable 
predictions and to evaluate model veracity. 

The first approach is primarily verification testing. Model outputs 
(HSI) are compared with some response variable, as was done in the tests 
reported in these proceedings. Rank correlations (Trial et al. 1984), 1inear 
regression analysis (Gilbert 1984), and discriminant function analysis 
(Nelson and Miller 1984) were used to make this comparison. These tests do 
not readily demonstrate why a model performs at the level indicated but they 
do demonstrate whether or not model variables can be estimated and how well a 
model predicts a specified response variable. Results are open to the two 
extremes of interpretation described previously. Evaluation of the quality of 
the test data and documentation of how model variable values were estimated 
are especially important. The impact of changes in model variable definitions 
or model structure on the HS1-response variable correlation can be quantified 
with thi s type of testing. However, model changes that resul tin a better 
correlation do not necessarily indicate that a more realistic causal model 
structure has been deveJoped. Recommended model modifications resulting from 
this approach are: (1) define model variables (e.g., percent pools) so they 
can be more easily measured; (2) refine curves for selected environmental 
variables with use of additional data for the same (or a different) response 
variable used to develop the original curves; and (3) develop more logical SI 
aggregation techniques. This type of testing not only improves model 
performance, it also provides data on performance of different models to help 
users decide which, if any, of the tested models are adequate for a particular 

• 
application. 
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The key to the second approach. assuming that the model incorporates SI 
graphs, is to test and rebuild the model so that model output is based directly •on a measurable response. One way to do this is to base all SI curves on the 
same measurable response. If this method is used, it is not necessary to 
convert the y axis of each curve to a sUitability index. The HSI is based on 
the selected response variable with predicted values of the variable comprising 
the numerator of the ratio defining HSI. As an alternative, the methods used 
to transform SIls that are based on different response variables into a 
prediction of the selected measurable response can be clearly stated so that 
the transformations can be tested by comparing model predictions with real 
world values of selected response variables. If the transformations are 
log i ca lly stated and generate testab 1e hypothese s about the accuracy of the 
transformation, the model will have dimensional consistency in the transforma
tion of the measurable responses depicted by the SIl s into the single measur
able response depicted by the HS1.· 

Selecting the response variable that the model will predict is critical 
and depends on the objectives that the model needs to meet. It is not neces
sary (or possible) to "prove" or assume that the selected response variable is 
equal to "carrying capacityll. It is only necessary to demonstrate that impact 
assessment objectives can be met by using the model to evaluate changes in the 
selected response variable. The goal of this type of model building and 
testing is to develop a model that meets a very specific applicational objec
tive. A change in the selected response variable must be shown to be an 
acceptable change on which to base a planning decision prior to testing and 
building the model. In addition to the modifications described for the first 
model building/testing approach, the following model modifications result from 
this approach: (1) collect new data and redraft the SI curves so that all •curves are based on a single response variable (e.g., standing crop or oxygen 
consumption rate) that has been selected as an appropriate response variable 
on which to base a decision for a specified application; (2) develop new SI 
curves for additional habitat variables believed appropriate for a specific 
application; and (3) develop and test hypotheses about how a measurable 
response variable for which an SI curve has been constructed is related to a 
different, measurable response variable used as model output. 

Linear regression analysis may be an inappropriate test of the output of 
an HSI model developed from SI graphs based on maximum performance. This type 
of HSI model assumes the relationship between the HSI and the response variable 
illustrated in Figure 1, whereas regression analysis is used to evaluate the 
type of relationship depicted 1n Figure 2. Attempting to combine Slls derived 
from graphs developed using the concept of maximum performance into a model 
that predi cts specifi c (rather than max imum) performance is a frustrating 
experience. at best. A more logical approach is simply to select the lowest 
SI as the HSI (see Li et al. 1984). The resulting HSI provides a reasonable 
estimate of the lowest maximum value of "performance" (i.e .• the maximum value 
of a selected response vari ab1e) 1ike ly to occur for the speci fi ed envi ron
mental conditions. This approach assumes that all SI graphs either depict 
performance in terms of the same response variable (e.g., oxygen consumption 
rate) or link different response variables to model output in a logical manner 
subject to evaluation. 

•12 
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Curves based on average values of a response (average performance) log;- • 
cally lead to a model that predicts some average value of a selected response 
variable. Selecting the lowest SI leads to an HSI that is defined in terms of 
the lowest average response, assumi ng that the same, or 1ogi ca 11 y 1inked, 
response variables are used. Regression or correlation analyses can be used 
to test the output of a model based on this type of SI graph. If the individ
ual SIl s are based on the mean value of the same response variable, the HSI 
can logically be expected to predict the mean value of the response variable. 
However, for any given data set, the environmental variable value with the 
lowest SI would have been shown, empirically, to be the environmental variable 
associated with the lowest mean value of the selected response variable. 

Opinion on Current Status and Potential Use of HSI Models 

The greatest accuracy that can be expected from the types of models based 
on aggregated suitability indices that were tested for this workshop is a 
prediction of the trend and general magnitude of changes in some maximum value 
of a measurable response associated with a specified set of habitat variables. 
Accuracy is the same or perhaps greater than that obtained with a Tess struc
tured approach. However, the structured model approach should lead to quicker 
improvement of predictive techniques because there is a basis for testing and 
refining specific assumptions. The models identify variables that can serve 
as the basis for project-specific impact assessment models that utilize fewer 
variables. In order to make the models more accurate predictors of site 
specific values of a selected measurable response, restructuring and refinement 
will be necessary. The degree of model accuracy in predicting carrying 
capacity is difficult to assess because carrying capacity ;s a concept, not a • 
measurable variable. Impact assessment should not require "provingll that an 
HSI model accurately describes carrying capacity. 

Effective use of the published models based on aggregated SIl s requires 
considerable judgment and expertise. They are not intended to be, and do not 
meet the need for, a single, broadly applicable species model that can be used 
without modification by a person with limited specialization in species 
reqUirements and impact assessment. Major problems in using the models include 
determining how to estimate values for model variables that ideally should be 
estimated based on long term monitoring data, rather than estimated by one or 
a few point-in-time estimates, and how to modify a model to solve specific 
impact assessment problems. The models should be used by experts to help 
assess the general trend and magnitude of habitat changes resulti"ng from 
development and management activities. Development of a more specialized 
model (for example, a discrimi nant function or regression model) util izing 
original HSI model variables may be needed for specific impact assessments. 
However, the test results reported in this workshop indicated that the area of 
applicability of specialized models is often limited. 

Development of a single model that will meet the needs of all Ecological 
Services field offices, in terms of adequate predictive capabilities and ease 
of application for a wide array of habitats, species, environmental perturba
tions, and input data restrictions, may be impossible. However, specific 
information is needed concerning the impact of proposed development projects 
and associated activities on fish and wildlife resources; this information is 
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• used in making the decision to approve or reject a specific project or manage
ment alternative. The U.S. Fish and Wildlife Service has produced both broad, 
generalized HSI models and more specific, statistically-derived models for use 
in the decisionmaking process. 

The HSI models based on aggregated suitability indices for different 
measurable responses should become more logical and accurate as they are used 
and tested, new field data are acquired, and the limits of each model and 
model building approach become better known. Documentation of applications 
and easy access to the data by potential users shoul d speed up the model 
improvement process. HSI models based on aggregated suitability indices will, 
however, probably continue to have lower confidence limits than traditionally 
expected of research models. They are most useful as aids for formulating 
judgements and making decisions during the early stages of project planning. 
This is an appropriate role for these models. 
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INTRODUCTION 

• 
Habitat Suitabi1ity Index (HSI) models are used in the Habitat Evaluation 

Procedures (HEP) (U.S. Fish and Wildlife Service 1980) to document habitat 
quality and its ability to support the 1ife stages of a species. HSI's can be 
generated using a variety of models (U.S. Fish and Wildlife Service 1981). If 
HE? is to be an effective tool for recommending project alternatives and 
mitigation of adverse effects, the reliability of the HSI models must be 
established. The U.S. Fish and Wildlife Service has supported the development 
of HSI models for both fish and wildlife species. The models, structured in 
several ways, are designed to produce an index that is linearly related to the 
potential carrying capacity of the habitat. 

HSI's generated from the aggregation of individual variable Suitability 
Indices (SIl s ), based on the data collection and analysis methods described 
below, were compared to population estimates of native fish in Maine streams. 
The ability of these HSI1s to predict fish populations and, presumably, 
carrying capacity of several stream sections was tested. The study, therefore, 
involved model applications similar to those that would be used to document 
baseline habitat conditions for input to HE? 

Draft habitat suitability index models (Appendix A) were developed from 
the literature on the biology and life history of four ecologically important 
fishes in the Northeast. Model variables were linked to the survival, growth, 
reproductive success, ~r standing crop of blacknose dace (Rhinichthys 
atratulus), common shiner (Notropis cornutus), fallfish (Semotilus corporalis), 
and Atlantic salmon (Salmo salar). All of the models were tested and refined 
by field measurement~cluding one deve10ped for brook trout (Salve1inus 
fontinalis) (Raleigh 1982). In this paper, the problems and limitations of 
model development and the results of field testing the models are discussed. 
The common shi ner, b1acknose dace, and fall fi sh draft models were developed 
with the assistance of other workers and eventually modified and published by 

• 
Trial et al. (1983a, 1983b, 1983c). 
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METHODS 

Environmental data were gathered during one visit to each of 11 stream •
sections, distributed among nine streams, in the summer when the water was low 
and the temperature high. Habitat variables related to stream size, current, 
and the amount of cover (Table 1) were measured on five transects per section. 
Table 1 also illustrates the method used to record data in the field during 
this study. Standard methods for data gathering and compilation in habitat 
studies of this type have not yet been established. In addition to the 
transect data described in Table 1, temperature, dissolved oxygen, alkalinity, 
pH, and turbidity were measured and gradient, percent pools, and percent shade 
estimated on each stream section. The transect and general stream section 
data were used to produce values for the variables included in each species 
model (Table 2). Although averages were most often needed, one variable 
required the mode. When the data collected could not be used to directly 
calculate a required value (e.g .• annual averages, minimums, or maximums), 
observations from other streams and information from local biologists were 
used to estimate the value. 

Next, the values for variables were converted to SIl s , using SI curves 
(Appendix A; Raleigh 1982). HSI's were calculated for each species and its 
life stages, using a published HSI model (brook trout) or the models included 
in Appendix A. A computer program was written for each species HSI model in 
order to facil iate the calculations. Each 1ife stage of a species was not 
evaluated in every stream section. For example, if spawning areas were not 
present in a section, the reproductive component for a species was not included 
in the HSI calculation. If a component or variable was not included in a • 
calculation, the formula was adjusted accordingly; i.e., the formula for brook 

trout HSI without the embryo component was (T x T x T x T )1/4. Optional
A F J O

variables in the brook trout model (V ll and VI'].) were not included in HSI 

calculations. The HSI1s reported for the Atlantic salmon model do not include 
pH data because the model was very sensitive to the effects of fluctuating pH 
(Trial and Stanley 1984). 

Finally, the HSI for a stream section was compared to standing crop 
estimates to test the predictiveness of the index. The standing crop 
estimates, based on multiple removal or mark-recapture methods, were made by 
the study team (six sections) or by State biologists (five sections). The 
sections were between 20 and 100 m long. Fish were captured with D.C. electro
fishing units. Nonparametric correlations of standing crop with HSI's were 
calculated for each species. In streams where nongame species were sparsely 
distributed, reliable population estimates were impossible and no correlation 
analyses were performed. Population data from State files on Sunkhaze Stream 
and two additional brook trout streams (Greenlaw Stream and Hayes Brook) were 
used to develop Moran diagrams (Williamson 1972) to determine if a better 
indicator of carrying capacity than a standing crop estimate could be found. 
In addition, the ability of the models to predict the presence (HSI > 0.4) or 
absence (HSI .$ 0.4) of a species was evaluated for the 11 sections using 
McNamar's test for discordant pairs (Connover 1980). An alpha level of 0.20 
was used for all statistical tests. 
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• Table 1. An example of the type of field data gathered for testing HSI 
models, showing the results of sampling one transect. Streamward extent 
of selected parameters is indicated by an lilli, 

Distance where measured from left to 
right bank (em) 

Variable value 
along transect 100 200 300 400 500 510 

•
 

Depth (em)
 

Velocity (em/sec)
 

Extent and position of:
 

instream cover 

overhead cover 

gravel-sand 

cobble-rubble 

pool s 

upwelling 

vegetation 

weight ratio of sand 
« 2mm) to other 
substrate types 

13 .5 

25 

---100-I 

none 

---140---1 

none 

none 

none 

6/94 

26.5 27 23 2 

42 36 18 o 

I----130----------- 

I---160----------------- 

1-------------370------------------- 

10/78 
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Table 2. Model variables and variable estimation techniques used during •
tests of Atlantic salmon, brook trout, fallfish, common shiner, and black
nose dace HSI models. 

Variable class Model variable Estimation technique 

Cover 

Depth 

Dissolved oxygen 

Percent instream cover during 
the late growing season, low 
water period at depths> 15 cm 
and velocities < 15 cm/sec 

Percent cover (e.g., brush, 
logs, and undercut banks) 

Average thalweg depth (cm) 
during late growing season, 
low water period 

Average depth (section) 

Average depth (at head or 
ta il of po 01) 

Average depth of riffles 
during spawnlng and 
incubation (April-July) 

Mode of water depth 
measurements taken at 1/4, 
1/2, and 3/4 distance 
across stream 

Stream depth in spawning 
riffl es 

Minimum dissolved oxygen 

Minimum dissolved oxygen 
from May to August 

Calculated from transect 
data 

Same as above 

Average of greatest 
depth on each transect 

Calculated from transect 
data 

Same as above 

Estimated from average 
velocity of riffles in 
section on day sampled 

Calculated from transect 
data 

Estimated from average 
depth of riffles in 
section on day sampled 

Estimated from one 
measurement and observed 
dissolved oxygen trends 
in Maine streams 

Estimated from one 
measurement and observed 
dissolved oxygen trends 
in Maine streams 

•
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• Table 2. (continued) 

Variable class Model variable Estimation technique 

Dissolved oxygen 

Discharge 

Gradient 

Order 

• pH 

Average minimum dissolved 
oxygen (mg/l) during the 
late growing season, low 
water period, and during 
embryo development 

Average annual base flow 
regime during the late 
summer or winter low flow 
period as a percent of the 
average annual daily flow 

Stream gradient 

Stream order 

Weekly average pH during 
year under stable condi
tions. If frequent (diurnal), 
large (> 1.0 pH units) changes 
occur, SI is reduced by 10% 

Mi nimum pH 

Minimum pH in fall and winter 

Annual maximum or minimal pH. 
Mea5urement with the lowest 
SI is used 

Estimated from one 
measurement and obs.rved 
dissolved oxygen trends 
in Maine streams 

Estimated from typical 
stream hydrograph data 
for Maine 

Estimated at site and 
determined using USGS 
topographic maps 

Determined using USGS 
topographic maps 

Estimated from one 
measurement and observed 
pH trends in Maine 
streams 

Estimated from one 
measurement and observed 
pH trends in Maine 
streams 

Estimated from one 
measurement and observed 
pH trends in Maine 
streams 

Estimated from one 
measurement and observed 
pH trends in Maine 
streams 
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Table 2. (continued) • 
Variable class Model variable Estimation technique 

Pools 

Shade 

Substrate 

Percent pools 

Percent pools during average 
summer flows 

Percent pools during the late 
growing season, low water 
period (August-October) 

Pool class rating during the 
late growing season, low flow 
period (August-October) 

Percent of stream area shaded 
between 1000 and 1400 hr (for 
streams < 50 m wide). Do not 
use on cold « 16° C max. 
temp.), unproductive streams 

Predominant substrate in 
riffles 

Predominant substrate in 
pools and slow channels 
(adult) 

Predominant substrate in 
stream riffles (juvenile) 

Predominant substrate along 
stream margins (fry) 

Substrate types in streams 

Predominant substrate 

Average size of substrate 
between 0.3-8.0 cm diameter 
in spawning areas, prefer
ably during the spawning 
period 

22 

Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data • 
Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data 

Calculated from transect 
data 

Estimated on site 

•
 



Table 2. (continued)• 
Variable class Model variable Estimation technique 

Temperature 

• 

• 

Percent substrate in size class 
(10-40 cm) used for winter 
and escape cover by fry and 
small juveniles 

Predominant (> 50%) substrate 
type in riffle-run areas; used 
to estimate food production 

Maximum temperature 

Temperature during spawning 

Average temperature during 
warmest time of year (in 
lakes-epilimnion; in rivers
main channel) 

Least suitable temperature 
during the spawning season 

Average of mean weekly water 
temperatures during July and 
August (adult and juvenile) 

Average mean weekly water 
temperatures during July 
and 'August (fry) 

Average of mean weekly water 
temperatures during spawning 
and incubation (April through 
July) (embryo) 

23 

Estimated on site 

Estimated on site 

Estimated from one 
measurement and observed 
temperature trends in 
Ilr1aine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 



Table 2. (continued) • 
Variable class Model variable Estimation technique 

Turbidity 

Average temperature 

Spawning temperature 

Embryo incubation temperature 
(winter) 

Average maximum water temper
ature (OC) during the warmest 
period of the year (adult, 
juvenile, and fry). For 
lacustrine habitats, 
temperature strata nearest 
optimum in dissolved oxygen 
zones of > 3 mg/l is used 

Average maximum water temper
ature (OC) during embryo 
development 

Turbidity 

Average turbidity 

Maximum monthly average 
turbidity during the year 
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Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
temperature trends in 
Maine streams 

Estimated from one 
measurement and observed 
trends in Maine streams 

Estimated from one 
measurement and observed 
trends in Maine streams 

Estimated from one 
measurement and observed 
trends in Maine streams 

•
 

•
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RESULTS 

Not all stream sections contained all species. Seven sections had brook •
trout, three had Atlantic salmon, six had blacknose dace, one had common 
shiners, and none had fall fish. The models for brook trout and common shiner 
actually predicted presence or absence; the model s for blacknose dace and 
fallfish did not (Table 3). The Atlantic salmon model was tested only in 
known salmon streams because the spec; es is absent inmost streams in Maine 
(although several streams have potential for restored populations). 

Ran ks of HSI I S produced by the At 1ant i c salmon and brook trout models 
were significantly correlated with ranks of standing crops (Tables 4 and 5). 
However, ranks of blacknose dace HSI's were not significantly correlated with 
ranks of standing crops (Table 6). 

If a population fluctuates around a particular density, that density 
level usually represents the limit to population growth in that habitat. The 
slopes of Moran diagrams for brook trout populations were between -l and -2, 
classifying the population cycles as damped oscillations about an equilibrium 
(Fig. 1). 

DISCUSSION 

The major problems encountered during model development were identifying 
the variables that limit the species and obtaining data on these variables. 
The publ i shed 1iterature contains data on numerous envi ronmenta 1 vari ab 1es 
encountered when sampling fish or that affect fish under laboratory conditions. 
However, in many studies, a variable often does not vary over a range in which 
it becomes limiting, and critical values are not observed. Observed values 
for habitat variables may not be linked with survival, growth, reproductive 
success, or standing crop for a species. The manner in which different 
variables interact is seldom studied, and it was difficult in this study to 
determine how the individual SI's should be aggregated to determine an HSI. 
These problems were especially serious when developing HSI models for nongame 
species because of the lack of available information for these species. 

• 

There were several problems in using the HSI models. How to measure 
values for variables required as input to the models was not always explained, 
and some variables could not be measured as described without extensive 
monitoring data. For the brook trout model (Raleigh 1982). it was difficul t 
to determi ne where and when to measure di sso 1'led oxygen, and the use of 
absolute concentration of oxygen, rather than percent saturation, made the SI 
graph difficult to interpret. There were also vague variable descriptions in 
the models listed in Appendix A. 

As a result of this study, the following changes in the variable descrip
tions are recommended. Model variables need to be less simplistic, with a 
more complete description of how the data should be handled; e.g., how to 
reduce velocity data from several transects. Better definitions of the 
necessary data for input in the SI curves are needed. Data on annual flow 
regimes often are unavailable; artificial indices of flow regimes are needed 
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• Table 3. Success of the HSI models in predicting presence of 
the various species. 

Species model Accurately predicted presence 

Brook trout Yes 

Common shiner Yes 

B1 acknose dace No 

Fa 11 fi sh No 

Atlantic salmon Not tested 

• Table 4. Rank correlation between brook trout HSI and 
population densities (± standard error) in nine stream 
sect i cns. 

Stream No ./ha ± S. E. value 
HSI 

rank 

Lord Brook 
Otter Brook 
Sunkhaze Stream 
Turner Brook 
Presque Isle Stream 2 
Presque Isle Stream 1 
Presque Isle Stream 3 
E. Branch Piscatiqu;s 
Pollard Brook 

21330 
11778 
5001 
2907 
859 
232 

46 
a 
0 

±1,780 
± 316 
± 323 
± 94 
± 19 
± 57 

0.67 
0.79 
0.65 
0.92 
0.54 
0.43 
0.49 
0.00 
0.95 

4 
3 
5 
2 
6 
8 
7 
9 
1 

Probabi 1ity of correlation = 0.82 
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Table 5. Rank correlation between Atlantic salmon HSI's, parr component 
(C ) SII S , and summer population densities in three streams. •parr 

HSI fry and parr/lOa m1 C parr/lOO m1 

parr 

Old Stream 0.97 117.7 0.89 93.4

Bowles Brook 0.84 66.0 0.88 45.5 

Pollard Brook 0.83 32.0 0.84 26.8 

Probability of 
correlation = 0.83 0.83 

Table 6. Rank correlations between blacknose dace HSI's and 
population densities in five stream sections. •Stream No./ha HSI 

E. Branch P;scatiquis 4162 0.3 

Presque Isle Stream 1 3667 0.1 

Presque Isle Stream 2 3206 0.1 

Presque Isle Stream 3 2710 0.1 

Po 11 ard Brook 18 0.1 

Probab 1ity of correlation = 0.60 
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Greenlaw Stream (6 yr) Hayes Brook (5 yr) 

slope" -1. 43 

100 100 

.0.N a.0.N a 

-100 -100 

NN 

Sunkhaze Stream (8 yr) 
slope .. -1. 62 

• 100 

.0.N a 

-100 

Figure 1. Moran diagrams based on annual brook trout density 
(number/ha) estimates in three streams. The number of years 
1n the data series follows the stream name. Slopes of the 
lines relating density fluctuations (~N = n - n + andt t 1) 

density (N = nt +!) are between -1 and -2, indicating that 

annual densities oscillate about an equilibrium. The 
dotted line is a reference (~N =0), and the density (N) 

slope" -1. 16 

• 
where the solid line crosses the dotted line is noted. 
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in these cases. All the models tested had some va ri ab1es that were i nter- • 
related; e.g., thalweg depth and average temperature. The extra weighting 
placed on colinear variables may not be justified. 

Resul ts of tests of HSI models may be si gn i fi cant ly affected by sea son 
because habitat changes, carrying capacity varies (Fretwell 1972), and fish 
populations move. Test results may depend heavily on where and when variable 
and fish density measurements are made. In this study, the models were tested 
usi ng transect data gathered duri ng one vi sit duri ng the summer to each of 
several streams. Values for depth, velocity, substrate, and cover varied 
among the transects sampled, and data interpolation was required before a 
value needed for a different season could be determined. 

Temperature, pH, alkalinity, and dissolved oxygen in the stream sections 
tested were generally within the optimum range for the fish species involved. 
However, the data could not be used directly in the model s because annual 
averages, maximums, or minimums were needed for the SI curves. Observations 
from other streams and i nformat i on obtained from 1oca1 State bi 01 ogi sts were 
subjective but sometimes necessary in order to estimate values for the vari
ables flow regime, maximum temperature, minimum dissolved oxygen, and minimum 
pH. For example, the minimum pH that might have occurred during spring runoff 
was predicted for low alkalinity streams. Such estimates and data interpreta
tions introduced uncertainty into the Sl l s assigned to some variables. 

Although the brook trout and Atlantic salmon model outputs were signif
icantly correlated with standing crop ranks, the models can be improved. Some • 
of the variables believed important for these species were not included in the 
models. Upwelling for spawning and alkalinity as a determinant of productivity 
are important for brook trout. The Atlantic salmon model does not include a 
component for adult holding areas, even though they are necessary for success
ful reproduction. 

The blacknose dace model did not accurately predict species presence. 
Problems with three model variables are probably responsible for its failure. 
The narrow range for spawning temperature considered suitable on the SI curve 
may have resulted in an underestimate of the reproductive component value in 
the stream sections tested. The adult velocity curve seems to be unrealistic. 
The maximum temperature SI curve and the aggregation of the variable in the 
HSI model does not account for the ability of blacknose dace to find refugia 
or otherwise avoid unsuitable temperatures for part of the year or within part 
of the stream. The SI curves were modified before publ ication (Trial et al. 
1983a, 1983b, 1983c). 

The fallfish model was not tested against population densities because 
none of the stream sections studied contained this species. In addition, it 
;s unrealistic to expect a model to predict the presence or absence of a gen
era 1i st, such as the fall fi sh, because even habi tats where the speci es is 
absent are likely to have an unrealized potential for supporting the species. 
This model should be tested at sites known to contain fallfish. The common 
shiner model should also be tested in streams with resident populations. 
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HSI models are used in HE? as if they were a linear index of potential 
carrying capacity, based on the physical and chemical characteristics of a 
habitat. Biological interactions were not included in the tested models. 
Carrying capacity is a characteristic of an environment, not a. population. 
However, population densities at equilibrium are an indication that the limits 
of growth for that environment have been attained. If the population being 
measured is fluctuating about equilibrium, average population densities derived 
from severa 1 years of da ta may present a more accurate estimate of the carryi ng 
capacity of a' stream than a single density estimate. However, approximations 
of equilibrium density include the influence of predation, competition, nutri
tion, and environmental stability and do not represent the potential carrying 
capacity defined by the physical and chemical environment. A single estimate 
of standing crop or even an average for several years may not represent the 
actual carrying capacity. 

Acceptable model output in this study was based on an association between 
the highest HSI's and the highest population estimates when the HSI's and 
species density estimates were ranked for a stream section. A higher 
probability of making an incorrect decision (alpha:: 0.20) than usual in 
research was accepted in this study. 

A more realistic acceptability level would have been if the rankings of 
stream sections based on HSI's were comparable to rankings based on eqUilibrium 
densities (average density over several years). Moran diagrams demonstrating 
that population cycles are damped about an equilibrium need to be produced 
before averages are accepted as estimates of a population equilibrium. This 
approach wi 11 be used to test modifi ed models for brook trout and At 1ant i c 
salmon. However, model outputs may need to be redefined, perhaps including 
measures of growth, condition, and age structure, as well as density. Without 
the necessity of finding a measure of potential carrying capacity, scientific 
testing of models would be easier. 

The objective of HSI model development is to help predict how changes in 
the physical and chemical characteristics of a habitat, resulting from devel
opment projects, will affect potential carrying capacity and, by inference, 
populations. Testing the ability of a model to perform this task requires the 
calculation of HSI's for potentially impacted areas before, during, and after 
project construction and a comparison of these HSI's with concurrent population 
data that accurately represent equilibrium densities. This type of testing 
needs to be done. 

CONCLUSIONS 

Habitat suitability index models for fish are assumed to be representa
tions of the carrying capacity of the habitat. Therefore, models are valid 
when they are based on adequate field data that relate standing crop to the 
relevant environmental measurements. The ability of some of the HSI models 
tested in this study to rank population data suggests that they may be valid 
predictors of present and future carrying capacity. during and after water 
development projects. 

31 



REFERENCES	 • 

Connover, W. J. 1980. Practical nonparametric statistics. John Wiley and 
Sons, New York. 493 pp. 

Fretwell, S. D. 1972. The analysis of biological populations. C. Tingling 
and Co., London. 180 pp. 

Raleigh, R. F. 1982. Habitat suitability index models: Brook trout. U.S. 
Fish Wildl. Servo FWS/OBS-82/10.24. 42 pp. 

Trial, J. G., and J. G. Stanley. 1984. Calibrating effects of acidity on 
Atlantic salmon for use in habitat suitability models. Land and Water 
Resour. Cent. Un i vers i ty of Maine at Orono. Comp 1et i on Rep. Proj. 
A-054-ME. 37 pp. 

Trial, J. G., C. S. Wade, J. G. Stanley. and P. C. Nelson. 1983a. Habi ta t 
suitability information: Common shiner. U.S. Fish Wi 1d1. Se rv . 
FWS/OBS-82/10.40. 22 pp. 

Trial, J. G., C. S. Wade, J. G. Stanley, and P. C. Nelson. 1983b. Habi ta t 
suitability information: Fallfish. U.S. Fish Wi ldl. Serv. 
RNS/OBS-82/10.48. 15 pp. 

Trial, J. G., J. G. Stan1ey, M. Batcheller, G. Gebhart, O. E. Maughan, and P. 
C. Nelson. 1983c. Habitat suitability information: Blacknose dace. • 
U.S.	 Fish Wildl. Servo FWS/OBS-82/10.41. 28 pp. 

U.S.	 Fish and Wildlife Service. 1980. The Habitat Evaluation Procedures. 
102 ESM. U.S. Fish Wildl. Serv., Div. Ecol. Servo n.p. 

1981. Standards. for the development of habitat suitabil 
ity index models. 103 ESM. U.S. Fish Wildl. Serv .• Div. Ecol. Servo 
n.p. 

Williamson, M. 1972. The analysis of biological populations. C. Tingling 
and Co., London. 180 pp. 

32 • 



•
 
APPENDIX A 

SUITABILITY INDEX GRAPHS AND HABITAT SUITABILITY INDEX MODELS 
FOR TESTED SPECIES 
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Suitability Index (SI) Graphs for Blacknose Dace Model Variables •Suitability index graphs for the 16 variables in the model descriptions 
pertain to riverine (R) or lacustrine (L) habitats, or both. 

Habitat Variable	 SUitability graph 

R	 Percent stream area
 
shaded.
 x 

C1I -g 0.8 

~ 0.6 

~ 0.4 .... 
::::l
V'l0.2 

a 20 40 60	 80 100 
II 
Ia 

R	 Percent pools. •1.0 

x 
C1I 0.8-,:, 
c:-
~ 0.6 
,... 
~ 0.4 
rei 
~ 

::::lV'l 0.2 

a 20 40 60	 80 100 
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• Habitat 

R 

Variab1e 

V1 Stream gradient. 

• 

R V'" Stream width. 

R,L Maximum temperature. 

•
 

Suitability oraph 
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• Habitat Variable	 Suitability graph 

R v,	 Velocity in riffles. 1.0 
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Habitat 

R 

Variable 
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R	 Dominant substrate 
along stream margins 
(Fry) . 

A.	 MUd, silt, sand, 
and	 debris 

B. Pebble 
C" Gravel 
D". Cobbl e 
E.	 Boulder and 

bedrock 

R	 Velocity along 
stream margins 
(Fry) " 

• 

• Habitat Variable	 Suitability graph 
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Riverine Model •Food-Cover (CF-C)' 

VI + V2 + Vl + V~ 

CF-C = 4 

Or, if any value ~ 0.4. CF-C = VI. V2 , Vl • or V•• whichever is lowest. 

Water Qua1ity (CWq )' 

Or, if any value ~ 0.4, CWQ = Vs or V6 • whichever is lowest. 

Reproduction (CR). 

Or, if any value ~ 0.4, CR =V7 , VI' V" or VIa' whichever is lowest. 

• 

Or, if any value S 0.4, CA = VII or VIZ' whichever is lowest. 

Juvenile (CJ ). 

C
J 

= (VI] x Vl~)1/2 

Or, if any value ~ 0.4. CA =V1l or Vl~, whichever is lowest. 
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This is an optional component. 

Or, if any value s 0.4, CA =V1S or V1 &, whichever ;s lowest. 

HSI determination. 

Species HSI 

Or, if any component S 0.4, the HSI = CF-C' CR, CA, CJ , or CF,CWQ ' whichever is lowest. 

• 
CA, CJ ' and CF are optional; n =number of components in parentheses. 

Life stage HSI =C x C x C F-C WQ appropriate life stage 
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Suitability Index (SI) Graphs for Common Shiner Model Variables • 
Suitability index graphs for the 10 variables discussed in the model 

description pertain to riverine (R) or lacustrine (L) habitat, or both. 

Habitat Variable 

Maximum summer 
temperature per
sisting for longer 
than 1 week. 

R,L Least suitable pH 
level occurring 
during the year. 

Suitability graphs 
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• Habitat Variable Suitability graphs 

R,L	 Average turbidity. 1.0 
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windy shore or shoal.
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•	 
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D.	 Rubble 
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Note: The area must be on a windy shore 
or shoal for the lactustrine model. 
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Habitat Variable 

R Average current 
velocity at 60% of 
depth in poo 1s. 

R Predominant pool 
class. 

A. Large and deep, 
"deadwater" pool 
found at mouths 
of streams. 

B. Moderate size and 
depth, commonly 
found below falls 
of riffle-run 
areas; 5-30% of 
bottom obscured 
by depth or 
turbulence. 

C. Small or shallow or 
both, no surface 
turbulence and 
little structure. 

R,L VI Average water 
temperature (OC) 
in spawning habitat 
during months of 
spawning. 
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Suitability graphs •1.0 
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• Habitat Variable	 Suitability graphs 

R - Average current 
velocity just 

xabove substrate in 
riffle areas. I:-
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• 

Riverine Model 

The rilferine model utilizes the life requisite approach and consists of 
three components: food-cover; water quality; and reproduction . 
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Food-Cover (CF-C)' • 
Or, if any variable ~ 0.4, CF-C =V41 V5 , Vs, or V7 , whichever is 
lowest. 

Water Quality (CWQ )' 

Or, if any variables ~ 0.4, = V1 , V%, or VJ , whichever is lowest.CWQ 

Reproduction (C ).R

•
Or, if any variable ~ 0.4, CR = V4 , Va, V,. or CR, whichever is
 
lowest.
 

HSI determination. 

If the value for any component ~ 0.4, the HSI = the minimum component 
value. Otherwise, 
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Suitability Index (SI) Graphs for Fallfish Model Variables• 
Suitabil i ty ; ndex graphs for the fi ve vari ab 1es 

riverine (R) or lacustrine (L) habitats, or both. 

Habitat 

R.L 

Variable 

Average temperature 
during warmest time 
of year (in lakes 
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rivers - main 
channel). 
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•• Habitat Variable Suitability graphs 

R	 Mode of water depth 
measurements taken 
at 1/4, 1/2, and 3/4 
distance across stream. 

R	 Least suitable 
temperature during 
the spawning season. 

R Vs	 Predominate substrate 
type in streams. 

A.	 Mud, s i 1t, and 
detritus 

8.	 Fine sand 
C.	 Sand and gravel
D.	 Rubble 
E.	 Large rock.s and 

bedrock.. 
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• Riverine Model 

The riverine model has water quality and reproductive components. 

Water Quality (CWQ )' 

or, if any value S 0.4, then CWQ = the lowest of V1 or V2 • 

Reproductive (C R). 

or, if any value S 0.4, then CR = lowest of VJ • V4 • or Vs 

• HSI 
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SUitability Index (SI) Graphs for Atlantic Salmon Model Variables ~ 

Suitability index graphs for the 18 variables discussed pertain to 
riverine (R) habitats. 

Habitat Variable 

R Maximum temperature. 

R Average temperature. 
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R VI Minimum pH. 

A.	 pH frequently 
falls below 4.0 

8.	 pH frequently 
fa 115 be low 5.5 
but not 4.0 

C-.	 pH seldom falls 
below 5.5 

D.	 Minimum pH 
fluctuates 
between 5.5 
and	 6.8 

l.0 

· 
x 
(1) 
"0 
c ...... 
>,.. .... ..... .... 
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11:).. 
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OA 
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· 
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· · · :::::l 

V1 · 
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• Habitat Variable 

R Minimum pH in fall 
and winter. 

R	 Embryo incubation 
temperature (winter) . 

• 
R	 Stream order. 

1.0 

· 
x 0.8 ·~ 
~ · c.... 
>, 0.6 

.;...l 

-

0.0 

· 
· 
· .. 

order 
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Habitat 

R 

Variable 

VlI Predominant substrate. 1.0 

Suitabi 1ity graphs • 
l. Fines « 0.5 mm)
2. Sand (~ 0.5 mm 

< 2.2 mm) 
3. Pebble/gravel 

(~ 2.2 mm 
< 22.2 mm) 

4. Cobble (~ 22.2 mm 
~ 25.6 mm) 

x 
OJ 

-0 
s;;: 

:>,... ...... 
r...... 
..Q 
<'C... ...... 
~ 

Vl 

0.8 

0.6 

0.4 

0.2 

0.0 

2 3 4 

Water Quality Component 

Fr"y Component • 
Parr Component 

Reproductive Component 

Species HSI 

If any component value ;s less than 0.4, then: 

HSI = lowest of (CWQ ' C ,CFry ' parr CR) 

Otherwise: 

HSI = (CWQ x C x C )1/4x CFry parr R
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INTRODUCTION 

• Habitat Suitability Index (HSI) models, published by the U.S. Fish and 
Wildlife Service, use quantitative estimates of physical habitat characteris
tics (e.g., temperature, current, and substrate composition) to determine 
habitat quality for species of fish. The models do not include biological 
variables, such as disease, competition, and predation, that may be important 
in determining fish population levels at a specific point in time. This study 
was designed to: (1) test the hypothesis that interspecific competition for 
space from coho salmon and steel head trout is an unimportant factor in deter
mining the suitability of habitat for cutthroat trout; and (2) test whether or 
not it is possible to predict empirically-derived HSI's for reaches of streams 
in different drainages for cutthroat trout and coho salmon from Suitabil ity 
Indices (SIl s ) derived from an independent drainage. Coho salmon are known to 
be competitively dominant over steel head trout (Salmo gairdneri) and cutthroat 
trout (Hartman 1965; Allee 1974). 

OBJECTIVES 
, 

The objectives of this study were to: 

1.	 Compare SI curves (profiles) of selected habitat variables thought 
to be important to coho salmon and cutthroat trout with SI curves 
derived from an independent data set. These curves were from draft 
speci es narrati ves prepared by the Habitat Eva1uati on Procedures 
Group (HEPG, Western Energy and Land Use Team, U.S. Fish and Wildlife 

•
 
Service).
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2.	 Build profiles for important variables not incorporated in the draft 
narratives of species habitat requirements developed by the HEPG. • 

3.	 Compare the HSI's derived from four different experimental approaches 
(Average Value Method; Most Limiting Factor Method; Interactive 
Limiting Factor Method; and Discriminant Analysis) with HSI's derived 
empirically by dividing observed standing crops by maximum standing 
crops. 

METHODS 

Drainage Descriptions 

SI curves for coho salmon and cutthroat trout were developed independently 
from survey data from Elk Creek and Bear Creek of the Nestucca Ora i nage, 
Tillamook County, Oregon (R. House unpubl. data, Salem District Office, Bureau 
of Land Management, P.O. Box 3227, Salem, OR 97302). The climate in this area 
is maritime. Fifty percent of the area has been logged within the past 15 
years. The land is unstable and 4-2% of the banks of Bear Creek have been 
classified as being in poor condition. Both creeks have barriers to the 
upstream movement of fishes. Below the barriers, cutthroat trout are sympatric 
with coho salmon and steelhead trout. Above the waterfall in Elk Creek, 
cutthroat trout are resident, and a few coho salmon have been experimentally 
stocked. Steelhead trout are absent. Steelhead trout are sympatric with 
cutthroat trout, but coho salmon are absent, from above the logjam in Bear • 
Creek. 

Different approaches to calculating HSI's were tested on the Smith, South 
Coos, and Coquille drainages, using data from Duke and Bond (1981). Table 1 
displays the range of variable values used to derive the HSI's for these three 
southcentral coastal Oregon drainages and the Nestucca drainage. 

The Smith River drainage has been logged extensively. The river's sub
strate is characterized by a high percentage of bedrock (Duke and Bond 1981), 
an outcome of us i ng the stream as a 1oggi ng chute. The natural reta i ners of 
gravel have been eliminated and the substrate blown out during winter spates 
(J. Sidell, pers. comm., Assoc. Prof .• Forest Sciences Laboratory, Oregon 
State University). The South Fork of the Coos River is a high gradient stream 
system, characterized by a high percentage of sandstone bedrock (Duke and Bond 
1981). The Coquille drainage is a low gradient system that flows over pasture 
lands. Many streams in this system are characterized by canopies of deciduous 
hardwoods and conifers that provide dense shade. Fallen timber is present 
throughout at least one of the streams (Steele Creek), creating pool habitats . 
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• Table 1. Range of variable values for the Smith, South Coos, 
Coquille, and Nestucca drainages. 

Drainage 

Variable Smith South Coos Coquille Nestucca 

6.2-6.5 
9.0-12.0 

19.0-13.0 
7.52-15.48 
0.05-0.14 

+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

5.8-6.6 
10.0-12.5 
20.0-11.0 
2.69-7.52 
0.01-0.04 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

7.1-8.9 
9.2-10.6 

27.0-10.0 
5.2-6.5 

0.03-0.20 

+ 
+ 
+ 

? 
? 
? 
? 

•
 

pH
 
Dissolved oxygen (mg/l)
 
Temp. (max.-min. DC)
 
Channel width (m)
 
Discharge (mJ/sec)
 
Species
 
.	 Sal ma c1ark i
 

s:oairdneri
 
Oncharhynchu5 kisutch
 
Q. tshawytscha 
Ptychocheilus umpguae 
Richardsonius balteatus 
Rhinichthys evermanni 
R. cataractae
R. osculus nubilis 
Gasterosteus aculeatus 
Catostomus macrocheilus 
Cottus gulosus
f.. perplexus
f.. asper 
C. a1eut icu s 

5.4-6.6 
4.0-14.0 

21. 0-8.5 
1.81-9.97 
0.00-0.11 

~b 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

species present in drainage. 

species absent in drainage. 
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Data	 Collection 

The analysis was designed to test the potential impact of interspecific • 
interactions on the Suitability Indices (SIl s). The natural stream barriers 
(logjams and waterfalls) made it possible to test differences in habitat 
utilization (as represented by SI curves) by the selected species when 
sympatric with potential competitors and in allopatric situations. The problem 
of interspecific competition among these species was considered when predicting 
HSI l S for di fferent drainages of the southcentra1 Oregon coast based on the 
regional SI curves developed from the Nestucca system. 

One hundred reaches were sampled from two sites in the Nestucca drainage 
(House unpubl. data), and 29 reaches were sampled from 11 sites on three or 
four dates from the southcentral Oregon coastal drainages (Duke and Bond 
1981). A removal estimate of the population was used in all of the reaches 
sampled. Technique differences between the two studies occurred in rating 
instream cover, substrate categories, breakdown of microhabitat types, the 
number of reaches where all physical data were taken, and the determination of 
water velocity. For example, House's (unpubl. data) measurements of stream 
velocity were based on surface drift of a neutrally bouyant object; Duke and 
Bond1s (1981) measurements of velocity were made 0.4 of the total depth from 
the stream bottom with a Gurley Pygmy flow meter. Empirically derived HSI's 
for the study sites and a list of variables that were measured are presented 
in Appendices A and B. 

Testing of Suitability Indices 

The	 accuracy of the SIl s were tested in two ways: (1) 51's for selected •variables were calculated from SI graphs (Appendix C) presented in draft 
manuscripts prepared by the HEPG and compared to SI1s developed from the data 
collected in the Nestucca drainage; and (2) SIrs for selected variables from 
different streams of the Nestucca drainage were compared as a second test of 
general model applicability. The highest performance in terms of standing 
crop (fish/m 2 

) from either Bear Creek or Elk Creek was used to convert values 
for individual variables into 51's, as described under method 1 in the U.S. 
Fish and Wildlife Service's HSI model manual (1981). The data were considered 
together because the two streams are part of the same drainage. Thus, an SI 
of 1.0 was used only for the site that had the highest standing crop. 

The SIrs were developed from the survey data based on the assumption that 
extremes (maximum population levels), rather than average population levels, 
represent the ability of a species to perform for a given value of a variable. 
This assumption is based on the conceptual framework of Performance Capacities 
(Schreck 1981). The 51 for the species was defined by connecting a line 
through the highest values (standing crops) on the ordinate (y-axis or 
dependent variable) for corresponding values along the abscissa (x-axis or 
independent variable). The scatter of points below the line that defines the 
SUitability Index (performance capacity) presumably represents both individual 
variation within a population and the multivariate response of a species to a 
host of factors not accounted for in a bivariate analysis. The consideration 
of multivariate response is important. SIl s presented in a bivariate graph 
should ideally represent data where all factors are kept constant except for 
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the specific factor under study. Unfortunately, many data for 51's, including• the data in this study, are gathered from the field, and the natural envi
ronment is not usually uniform in the distribution of physical elements. 
Thus, a data point on a bivariate graph may actually be the result of an 
interaction of variables not measured or included, rather than the result of 
just the single variable on the x-axis. 

RESULTS 

Suitability Indices 

Suitability Indices did not seem to be generally applicable to streams 
other than the one from which the original SI curve was derived. This conclu
sion is based on the lack of correspondence between the S1 curves from the HEP 
Group reports and those for Elk Creek and Bear Creek (Tables 2 through 6). 
This lack of correspondence suggests that there may be different physical and 
biological factors in different stream systems that result in changes in 
species distribution and abundance but are not predictable by a single 51 
curve. 

• 
Figures 1 through 17 illustrate the between-stream variation in habitat 

util ization patterns by· cutthroat trout and coho salmon. Cutthroat trout are 
more 1imited below the barriers in both creeks than above them. The only 
major difference in these two areas is that there are fewer competitors above 
the barriers. Changes in cutthroat trout densities do not correspond to 
differences in availability of habitat, as denoted by the 51 graphs; 5I I s are 
almost always higher above the barrier than below it for the same value of the 
independent variables. The primary habitat differences between the two streams 
are that lower Elk Creek has more boulders in its substrate composition and 
that Elk Creek, in general, has a greater proportion of pools to riffles. The 
sections of Bear Creek above the logjam are more densely shaded by the tree 
canopy than are other sections of either creek. These factors resulted in 
different SI profiles for the two creeks and a different response of the fish 
populations to environmental factors as a set, perhaps suggesting that 
different limiting factors govern population density in the two creeks. 

Model Tests 

Three types of SI aggregation models were tested: (1) the Average Value 
Method (AVM); (2) the Interactive Limiting Factor approach (ILF); and (3) the 
Lowest 51 approach (LSI). The Average Value Method is described mathematically 
as fo 11 ows: 

where SIf = the suitability index of the i th environmental factor 

• 
n =the number of environmental factors 
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Table 2. Comparison between SI' s for percent riffles predicted 
using the HEPG draft curves for cutthroat trout and observed SI' s •
calculated from Elk and Bear Creek standing crop data. 

Suitabi 1ity Index (S I) 

Ri ffl es (%) Predicted Observed 

0 0.50 0.45 
. 2 0.51 0.47 
10 0.40 0.60 
20 0.80 0.75 
25 0.90 0.64 
55 1.00 0.65 
67 0.90 0.78 
80 0.80 0.75 

Table 3. Comparison between SITs for dominant substrate in riffle
 
sections predicted using the HEPG draft curves for cutthroat trout
 
and observed SI' s calculated from Elk and Bear Creek standing crop
 
data.
 •

Suitability Index (SI) 
Substratea 

n Predicted Observed (± 0.95 interval) 

All reaches 
A 
B 
C 

17 
8 
1 

1.0 
0.25-0.60 
0.25 

0.32 (0.13) 
0.17 (0.26) 
0.08 (0) 

Reaches above barrier 
A 
B 
C 

11 
2 

1.0 
0.25-0.60 

0.45 (0.15) 
.057 (-) 

- (-) 

aSubstrate type (55% constitutes dominance): 
A =Mostly boulders and rubble. 
B = Even distribution of bouders, rubble, cobble, and gravel. 
C = Bedrock or fines 
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• Table 4. Comparison between SIl s for percent fines predicted 
using the HEPG draft curves for cutthroat trout and observed 
SIl s calculated from Elk and Bear Creek standing crop data. 

Percent fines Predicted 

Suitability Index (SI) 

Observed 

Elk Creek Bear Creek 

15 0.90 0.55 1.00 

30 0.60 0.69 0.97 

45 0.39 0.38 0.95 

60 0.20 0.08 0.59 

• Table S. Comparison between SI's for percent shade predicted 
using the HEPG draft curves for cutthroat trout and observed 
SI's calculated from Elk and Bear Creek standing crop data. 

Percent shade Predicted 

Suitability Index (SI) 

Observed 

Elk Creek Bear Creek 

25 0.65 0.75 0.94 

50 1.00 0.52 0.95 

75 1.00 0.30 0.99 

100 0.40 0.00 0.00 
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Table 6. Comparison between SI' s for pool volume predicted •using the HEPG draft curves for coho salmon and observed SI' s 
calculated from Elk Creek standing crop data. 

Pool volume (m 3 
) 

Suitabil ity Index (SI) 

Predicted Observed 

10 0.65 0.25 

20 0.78 0.48 

30 

40 

50 

60 

0.93 

0.99 

0.95 

0.94 

0.67 

0.83 

0.93 

1. 00 

• 
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An average habitat quality value is obtained with this type of model • 
without using an arithmetic mean. This eliminates the problem of obtaining an 
HSI greater than a when one of the components has an SI of O. This method is 
based on the assumption that a high SI for one variable can compensate for a 
low SI for a different variable. 

The Interactive Limiting Factor approach is conceptually more conservative 
than the Average Value Method. This approach is mathematically described as 
follows: 

With this approach, the HSI can be no higher than the lowest SI, but can 
be lower than the lowest SI. For example, a low dissolved oxygen level may 
cause a particular habitat to be marginally suitable for trout. However, an 
additional limitation, such as increased temperature, which may not be totally 
unsatisfactory by itself, may lower the habitat suitability well below the 
lowest SI. 

Using the Lowest Suitability Index approach to determine habitat suit
ability is a logical extension of Leibig's Law of the Minimum; that is, the 
most 1imiting factor defines the upper limit to population density. The 
assumption is made that there are no interactions among variables that can 
compensate for a low sui tabil ity index for anyone vari ab 1e or decrease the 
overall habitat suitability below the level of the lowest suitability index. 

The following numerical example will demonstrate the differences between •the three approaches: 

Five SI's = 1, one SI = 0.9, and one SI = 0.4 

AVM = (1.0 x 1.0 x 1.0 x 1.0 x 1.0 x 0.8 x 0.4)1/7 = 0.86 

ILF = (1.0 x 1.0 x 1.0 x 1.0 x 1.0 x 0.9 x 0.4) = 0.36 

LSI = 0.4 

Note that the AVM indicates compensation by the high quality elements and 
that the resulting HSI is more than twice as high as the lowest SI. The HSI 
for the LSI approach is equal to the most limiting factor, while the HSI for 
the ILF approach is smaller than the lowest SI. 

The validity of the three approaches was tested in the following manner. 
SIl s derived from curves from the HEP group draft manuscripts (Appendix C) and 
developed from the data for the Nestucca drainage were aggregated to generate 
HSI's for different sections of the Smith, South Coos, and Coquille Rivers 
from their physical characteristics. Competition among species was roughly 
adjusted for by using the appropriate SI curves (Figs. 1 through 17). Table 7 
i ndi cates the va ri abl es used to generate the HSI IS. • 
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• Table 7. Variables used in the calculation of Habitat Suitability 
Indices by the Lowest SUitability Index and Average Value Methods. 

Temperature Velocity % %
 
Species (OC) (cm/sec) riffl es poo 1s d. o. pH Depth
 

Cutthroat trout x X X x x 

Coho salmon X X x x x 

Overall, none of the three approaches performed well in terms of matching 
the HSI's derived empirically by dividing the observed standing crop by the 
maximum standing crop (Tables 8 through 10). There were no strong positive 
correlations between the observed and predicted values. The Average Value 
Method always had the highest residual error (cumulative absolute difference 
between the observed and predicted values). The residual error generated by 
the Lowest Suitabil ity Index approach was i ntermedi ate, and the Interactive 
Limiting Factor approach had the lowest residual error. 

• Better predictions of habitat suitability for cutthroat trout were 
obtained when the limitations in performance that were imposed by competitors 
were accounted for (Table 10). Residual errors were reduced from 5.52 to 

• 

3.81, from 7.71 to 4.75, and from 14.04 to 8.16 for the Interactive Limiting 
Factor approach, the Lowest SUitability Index approach, and the Average Value 
Method, respectively. However, correlations were still negative except for 
the Average Value Method (Tables 9 and 10). 

None of the three types of aggregation models were precise in terms of 
predi ct i ng empi ri ca lly derived HSI I s to the nearest 0.1. The percentages of 
correct classifications for coho salmon were 14% (LSI), 11% (ILF), and 0% 
(AVM). The percentage of correct classifications were 52% (ILF), 7% (LSI), 
and 0% (AVM) when both biotic and physical variables were entered into the 
analysis. When the biotic variables were left out, the percentages of correct 
classifications dropped for the ILF (7%) and LSI (0%) approaches, but increased 
for the AVM (7%) method. In general, the AVM method predicted high HSI's, the 
LSI predicted intermediate HSI's, and the ILF predicted low HSI's. 

There are several possible reasons for the low correlations between the 
predi cted and observed HSI 'si n the southcentra1 coastal Oregon drainages. 
However, the densities of cutthroat trout and coho salmon were 2.63 to 1.25 
greater, respectively, in these drainages than in the Nestucca. These results 
suggest that populations in the coastal drainages may be limited by the 
availability of habitat resources not described in the tested models. The 
two studies reported on here did not measure the exact same set of variables; 
e.g., gradient and percent canopy were measured by House (unpubl. data) in the 
Nestucca drainage, but not by Duke and Bond (1981) in the southcentral coastal 
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Table 8. Validation tests of HSI's from coho salmon habitat models. • 
Predicted HSI 

Stream section 
Number of 
variables ILFa LSI b AVMc Observed HSI 

Smith 5 0.05 0.20 0.53 0.00 
4 0.03 0.20 0.43 0.00 
5 0.02 0.20 0.47 0.00 
5 0.04 0.20 0.52 0.57 
4 0.05 0.20 0.47 0.02 
5 0.04 0.20 0.53 1.00 
4 0.04 0.20 0.45 0.08 
4 0.16 0.35 0.63 0.05 
4 0.07 0.20 0.52 0.00 
4 0.06 0.20 0.49 0.00 
5 0.07 0.20 0.58 0.23 
4 0.04 0.20 0.44 0.03 
5 0.06 0.20 0.57 0.03 

South Coos 4 0.24 0.35 0.70 0.38 
5 0.25 0.35 0.76 0.43 
4 
5 
4 
4 
4 

0.24 
0.21 
0.07 
0.06 
0.06 

0.35 
0.35 
0.20 
0.20 
0.20 

0.70 
0.73 
0.51 
0.57 
0.49 

0.31 
0.60 
0.90 
0.81 
0.77 •

5 0.05 0.20 0.56 0.53 
4 0.23 0.35 0.69 0.11 
4 0.31 0.35 0.79 0.38 
4 0.27 0.35 0.77 0.14 
5 0.28 0.35 0.78 0.03 
4 0.06 0.20 0.57 0.78 
4 0.06 0.20 0.57 0.93 
4 0.06 0.20 0.56 0.74 
5 0.05 0.20 0.55 0.76 

Coquille 4 0.28 0.35 0.77 0.04 
5 0.27 0.35 0.77 0.03 
4 0.07 0.20 0.59 0.24 
5 0.06 0.20 0.58 0.29 
4 0.06 0.20 0.58 0.24 
4 0.06 0.20 0.58 0.06 

l:ICO-P)1 = 9.33 
r = -0.19 

9.88 
-0.21 

14.09 
-0.07 

aInteractive Limiting Factor approach. 

bLowest Suitability Index approach. 
cAverage Value Method. 
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• Table 9. Validation tests of HSI's for cutthroat trout habitat 
models with no compensation for competitive effects. 

Stream section 
Number of 
variables 

Predicted HSI 

ILFa LSI b AVMc Observed HSI 

• 

Smith 

South Coos 

5 
3 
5 
5 
3 
5 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 

0.00 
0.12 
0.04 
0.09 
0.13 
0.08 
0.34 
0.34 
0.10 
0.16 
0.15 
0.27 
0.09 
0.16 
0.10 
0.17 
0.11 
0.15 
0.13 
0.25 
0.22 
0.18 
0.19 
0.16 
0.13 
0.14 
0.13 

0.00 
0.25 
0.29 
0.29 
0.28 
0.29 
0.42 
0.38 
0.29 
0.27 
0.27 
0.38 
0.30 
0.29 
0.29 
0.31 
0.29 
0.28 
0.28 
0.41 
0.38 
0.30 
0.31 
0.27 
0.26 
0.26 
0.26 

0.00 
0.50 
0.53 
0.62 
0.51 
0.60 
0.81 
0.69 
0.63 
0.55 
0.68 
0.65 
0.53 
0.55 
0.63 
0.56 
0.64 
0.53 
0.51 
0.63 
0.74 
0.57 
0.72 
0.55 
0.66 
0.52 
0.66 

0.51 
1. 00 
0.49 
0.01 
0.00 
0.00 
0.01 
0.02 
0.00 
0.00 
0.02 
0.00 
0.10 
0.08 
0.03 
0.18 
0.15 
0.10 
0.51 
0.00 
0.51 
0.00 
0.00 
0.00 
0.02 
0.01 
0.00 

!l (O-P)I = 5.52 7.71 14.04 

r = -0.30 -0.33 -0.28 

aInteractive Limiting Factor approach. 

bLowest Suitability Index approach. 

CAverage Value Method . 
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Table 10. Validation tests of HSI's for cutthroat trout habitat 
models with compensation for competitive effects. • 

Stream section 
Number of 
variables 

Predicted HSI 

LSI bILFa AVMc Observed HSI 

Smith 

South Coos 

5 
3 
5 
5 
3 
5 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 
3 
5 

r I(O-P) I 

r 

0.00 
0.02 
0.01 
0.02 
0.02 
0.05 
0.05 
0.04 
0.03 
0.02 
0.03 
0.02 
0.01 
0.02 
0.01 
0.03 
0.01 
0.01 
0.02 
0.05 
0.03 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 

= 3.81 

= -0.11 

0.00 
0.09 
0.09 
0.10 
0.10 
0.10 
0.15 
0.15 
0.09 
0.09 
0.09 
0.09 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.12 
0.08 
0.15 
0.15 
0.15 
0.15 
0.15 

4.75 

-0.32 

0.00 
0.62 
0.62 
0.46 
0.28 
0.55 
0.55 
0.35 
0.50 
0.28 
0.50 
0.28 
0.33 
0.27 
0.40 
0.31 
0.40 
0.22 
0.46 
0.37 
0.50 
0.22 
0.40 
0.22 
0.33 
0.25 
0.33 

8.16 

0.09 

0.51 
1. 00 
0.49 
0.01 
0.00 
0.00 
0.01 
0.02 
0.00 
0.00 
0.02 
0.00 
0.10 
0.08 
0.03 
0.18 
0.15 
0.10 
0.51 
0.00 
0.51 
0.00 
0.00 
0.00 
0.02 
0.01 
0.00 

• 

aInteractive Limiting Factor approach. 

bLowest Suitability Index approach. 

cAverage Value Method. 
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drainages. It may be that House (unpubl. data) and Duke and Bond (1981) also 
defined some variables differently; for instance, riffle, run, glide, and pool 
are rarely rigorously defined, and their identification is subjective. Key 
variables, as yet unknown, may not have been measured at all. Biotic 
variables, such as prey density, endemic diseases, stock differences, and 
interspecific competition, are not included in the models. SUitability indices 
(performance capacities) may not have been adequately defined if the best 
drainage in the region was not inventoried. In fact, the idea of regionaliza
tion may be advantageously expanded to a system where streams are regionally 
classified by climate, geology, available species pool, and geography. This 
system may resolve differences in the distribution of species resulting from 
di fferences in 1imit i ng factors. There may have been differences in the 
precision with which fish densities were measured in the Nestucca (fish/m 2 ) 

and the southcentral coastal (gm/m 2 ) drainages, although HSI standardization 
removes much of this problem. 

Discriminant Analysis 

A fourth approach also was taken to describe habitat SUitability. A 
stepwise discriminant analysis was conducted to determine which variables 
contributed the most to habitat quality for cutthroat trout and coho salmon. 
The strength of this analysis is that interactions among variables are 
incorporated into the model. The assumptions of this approach are that: 
(1) the distribution of the population is multivariate normal; (2) the 
components have linear relationships; (3) the samples are representative of 
the total population; and (4) all expected variance-covariance matrices of the 
population sampled are equal (Pimentel and Frey 1978). This is a very robust 
approach; violations of the assumptions do not appear to change the outcome of 
the analysis. Differences in classifications for each species between 
drainages were compared, as well as differences between classifications for 
each species within a drainage when only physical parameters were entered into 
the analysis and when both physical and biotic parameters were entered. 

The stepwise discriminant analysis technique selected used the criterion 
of minimizing Wilks Lambda (Klecka 1975). Habitats were classified into the 
following habitat quality groups: 

1. Unsuitable habitat (HSI =0); 

2. Marginal habitat (0 < HSI ~ 0.5); and 

3. Acceptable to optimal habitat (HSI > 0.5). 

The significance level necessary to proceed to the next step in the 
stepwise progression was extremely stringent (P < 0.001). The output from the 
analysis was as follows: (1) the results of a test of the consistency of the 
classification scheme; (2) a listing of the discriminating variables included 
in the classification scheme in order of importance; (3) the functions that 
discriminate between groups; and (4) the amount each function contributes to 
the separation of the groups. 
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Dependable classification of coho salmon habitat into the above three • 
groups were developed for Elk and Bear Creeks (Tables 11 and 12). The dis
criminant functions were consistent in assigning stream reaches to the correct 
group. Classifications developed for cutthroat trout habitats in these two 
creeks were not as strong as those for coho salmon, with only 56 to 79% of the 
stream reaches correctly categorized (Tables 13 and 14). Variables used in 
the habitat quality classification for each species were different for each 
creek. The importance of each variable is listed in stepwise fashion in 
Tables 15 through 18, with the most important variable listed first. Physical 
variables were more influential in classifying habitat quality than were 
biological factors when both types of information were entered into the 
analysis. 

A habitat is assigned a group classification by utilizing the classifica
tion function coefficients (Fisher's Linear Discriminant Functions) for each 
of the three groups (Tables 15 through 18) in the following equation: 

i thwhere Ci = the classification score of the group 

c .. = classification function coefficient for the i th group for the 
1 J 

. th . blJ- varla e 

V. = the raw scores for the discriminating variables (in this case a •J variable value, rather than an 5I). 

The habitat is assigned to the group with the highest C. score. In this 
1 

study, three equations were used, one for each group of H5I ' s. The data for 
the discriminating variables in each reach (e.g., percent riffles) were entered 
into each of the three equations. The reach was classified as belonging to 
the group for which the equation generated the highest classification score. 
The classification function coefficients from the stepwise discriminant 
analysis are listed in Tables 15 through 18. 

The relative contribution of the different physical factors to the habitat 
classification can be determined from the standardized cannonical discriminant 
function coefficients, presented in Tables 19 through 22. The greater the 
coefficient, irrespective of sign, the greater the relative contribution of 
that variable to the discriminant function. The discriminant function is a 
linear array of the variables that separate the classification groups. There
fore, there are, at a maximum, n - 1 functions, where n = the number of groups. 
The discriminant function takes the following form: 
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• Table 11. Discriminant classification of coho salmon habitat 
in Elk Creek, Oregon. 

Predicted group membership 

Physical factors on lyb Physical and biotic factors c 

Actual agroup n 1 2 3 1 
f 

2 3 

1 1 1 0 0 1 0 0 
2 45 5 37 3 3 41 1 
3 8 0 1 7 0 1 7 

aGroup 1: HSI = O.
 
Group 2: o < HSI ::; 0.5.
 
Group 3: HSI > 0.5.
 

bpercent of grouped classes correctly classified = 83. 

cPercent of grouped classes correctly classified =91. 

• Table 12. Discriminant classification of coho salmon habitat 
in Bear Creek, Oregon. 

Predicted group membership 

Physical factors only b Physical and biotic factors c 

Actual groupa n 1 2 3 1 2 3 

1 19 18 1 0 18 1 0 
2 25 1 20 4 1 20 4 
3 2 0 0 2 0 0 2 

aGroup 1; HSI = O. 
Group 2: a < HSI ::; 0.5. 
Group 3: HSI > 0.5. 

bPercent of group memberships correctly cl ass ifi ed = 87. 

cPercent of group memberships correctly cl ass ified = 87. 
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Table 13. Discriminant classification of cutthroat trout habitat •in Bear Creek. Oregon .. 

Actua1 a group n 

Physical 

1 

Predicted group membership 
b Physical and biotic factors cfactors only 

2 3 1 2 3 

1 
2 
3 

4 
36 
6 

4 
3 
a 

0 
26 

1 

a 
7 
5 

4 
3 
0 

0 
26 

1 

0 
7 
5 

aGroup 1: HSI = O. 
Group 2: o < HSI ~ 0.5. 
Group 3: HSI > 0.5. 

bPercent of group memberships correctly cl assifi ed = 79. 

cPercent of group memberships correctly classified := 79. 

Table 14. Discriminant classification of cutthroat trout habitat
 
in Elk Creek, Oregon.
 • 

Predicted group membership 

Physi ca1 factors only b Physical and biotic factors c 

Actual group a n 1 2 3 1 2 3 

1 12 9 2 1 8 4 0 
2 40 15 19 6 15 21 4 
3 2 0 0 2 0 0 2 

aGroup 1: HSI = O. 
Group 2: o < HSI ~ 0.5. 
Group 3: HSI > 0.5. 

bPercent of group memberships correctly classified = 56. 

cPercent of group memberships correctly classified = 57. 
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• Table 15. Discriminating variables (in order of importance) and 
classification function coefficients for coho salmon habitats in 
Elk Creek, Oregon. 

Classification function coefficient 
(Fisher1s linear discriminant functions) 

Group a 

Discriminating variable 1 2 3 

•
 

Physical variables only 
Pool area (m Z ) 

% gravel (0.25-7.5 em) 
% riffles 
% sand « 0.25 em) 
% shade 
(constant) 

Physical and biotic 
variables 
Pool area (m2 

) 

% gravel (0.25-7.5 cm) 
% riffles 
% sand 
% shade 
Cutthroat trout density 

(f1 sh/m2 )
 

Velocity (em/sec)
 
Gradi ent (%)
 
Wetted width (m)
 
Reach area (m 2 

)
 

Adult steel head trout 
density (f1sh/m2 

) 

(constant) 

-0.1764271E-01 
0.9536458E-01 
0.1798793 
0.4193116 
0.3017159E-01 

-16.24723 

-0.6475417E-Ol 
0.2032602 
0.1797688 
0.6265413 

-0.2120051E-01 

-411.1193 
-0.1341412 
4.788535 
1.593760 

-0.3165023 

-10.88195
 
-31. 39102
 

-0.8873049E-02 
-0.5001172E-02 
0.1652062 
0.2989292 
0.9107727E-01 

-10.07474 

-0.3857303E-01 
0.6197721E-01 
0.1498189 
0.4271926 
0.3831872E-01 

63.29815 
-0.2888435E-01 

2.483439 
1. 358135 
0.1744737E-01 

5.554163 
-22.12381 

0.4097494E-01 
0.7867174E-01 
0.8976250E-01 
0.1691138 
0.4182216E-01 

-8.327023 

0.2490734E-01 
0.1689894 
0.7635389E-01 
0.2644377 

-0.3699811E-01 

359.4763 
-0.4948371E-04 
0.7726576 
2.651411 

-0.7267815 

-9.280271 
-24.46999 

aGroup 1: HSI = O. 
Group 2: o < HSI s 0.5. 
Group 3: HSI > 0.5. 
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Table 16. Discriminating variables (in order of importance) and 
classification function coefficients for coho salmon habitats in •
Bear Creek, Oregon. 

Classification function coefficient 
(Fisher's linear discriminant functions) 

Groupa 

Discriminating variable 1 2 3 

Physical variables only 
Stream station 
% cobble (15-30 cm) 
Discharge (m 3 /sec) 
% gravel (0.25-7.5 cm) 
(constant) 

Physical and biotic 
variables 
Stream station 
Cobble (15-30 cm) 
Discharge (m 3 /sec) 
% gravel (0.25-7.5 cm) 
Steel head trout 

density, all ages 
(fish/m 2 ) 

(constant) 

aGroup 1: HSI = O. 
Group 2: o < HSI ~ 0.5. 
Group 3: HSI > 0.5. 

2.896550 
0.5977562E-01 
8.796847 
0.4459966 

-77.53604 

3.236951 
-0.6001767E-02 
10.37424 
0.4772158 

90.37711 
-89.39975 

2.038389 
0.1378231 
7.672117 
0.4198163 

-51. 65622 

2.399255 
0.6809110E-0l 
9.344346 
0.4529125 

95.61073 
-64.98935 

2.300972
 
0.1027025
 
7,970734
 
0.4938864
 

-60.23201 

2.734085
 
0.1900992E-Ol
 
9.977749
 
0.5336085
 •

114.9923 
-79.43821 
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• Table 17. Discriminating variables (in order of importance) and 
classification function coefficients for cutthroat trout habitats 
in Bear Creek, Oregon. 

Classification function coefficient 
( Fi sheri s linear discriminant functions) 

Groupa 

Discriminating variable 1 2 3 

Physical variables only 
Stream station 1.252200 1. 242652 1.441748 

• 

% pools 
Channel width (m) 
Velocity (!m/sec) 
Discharge (mJ/sec) 
% large boulders 

(> 91 cm) 
% riffles 
Gradient (%) 
(constant) 

Physical and biotic 
variables 
Stream station 

0.2467299 
1. 047911 

-0.2047139 
4.926466 

-0.4831673 
0.3103531 
4.413873 

-54.45631 

1.252200 

0.2949621 
.1.367296 
-0.2169512E-01 
3.671335 

-0.2058869 
0.2558434 
2.997646 

-54.47107 

1.242652 

0.3316566 
1.094882 

-0.1101369 
4.360979 

-0.5058722 
0.3059169 
3.827703 

-60.28322 

1. 441748 
% pools 
Channel width (m) 
Velocity (cm/sec) 
Discharge (mJ/sec) 
% large boulders 

(> 91 cm) 
% riffl es 

0.2467299 
1. 047911 

-0.2047139 
4.926466 

-0.4831673 
0.3103531 

0.2949621 
1. 367296 

-0.2169512E-01 
3.671335 

-0.2058869 
0.2558434 

0.3316566 
1.094882 

-0.1101369 
4.360979 

-0.5058722 
0.3059169 

Gradient (%) 
(constant) 

4.413873 
-54.45631 

2.997646 
-54.47107 

3.827703 
-60.28322 

aGroup 1: HSI = O. 
Group 2: o < HSI :s 0.5. 
Group 3: HSI > 0.5. 
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Table 18. Discriminating variables (in order of importance) and •classification function coefficients for cutthroat trout habitats 
in Elk Creek, Oregon. 

Classification function coefficient 
(Fisher's linear discriminant functions) 

Discriminating variable 1 2 3 

Physical variables only 
% sand « 0.25 cm) 
% boulders (> 30-91 em) 
% pools 
% cobble (15-30 em) 
(constant) 

Physical and biotic 
variables 
% sand « 0.25 cm) 
% boulders (> 30-91 cm) 
% pools 
% cobble (15-30 cm) 
Coho density (fish/m 2 ) 

Poo 1 area (m 2 
) 

Gradient (%) 
Velocity (cm/sec) 
(constant) 

aGroup 1: HSI = O. 
Group 2: o < HSI ~ 0.5. 
Group 3: HSI > 0.5. 

0.3064194 
0.3198240 

-0.3545563E-01 
0.1900890 

-6.362928 

0.5349138 
0.3431303 

-0.6764382E-01 
0.1834991 

119.7667 
-0.6193856E-01 
4.166316 
0.5028090E-01 

-16.96520 

0.3363853 
0.3319991 

-0. 1489970E-01 
0.2276116 

-8.471548 

0.5928597 
0.3750123 

-0.4876971E-01 
0.2254930 

131.1373 
-0.7052875E-01 

4.315616 
0.5381426E-01 

-20.67998 

0.6222125
 
0.6821692
 

-0.1031930
 
0.2642542
 

-17.07285 

1.089571
 
0.8106874
 

-0.1852134
 
0.2793199
 

224.1337 
-0.1397105 
6.904890 

-0.3304682E-01 
-43.92655 

•
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• Table 19. Standardized cannonical discriminant function coefficients 
for cutthroat trout in Elk Creek, Oregon. 

Discriminating variable Function 1 Function 2 

Physical variable~ entered 

% pools -0.80175 -1.07370 

% boulders (> 30-91 em) 0.85505 0.19983 

% cobble (15-30 em) 0.46436 -0.78645 

% sand « 0.25 em) 1.60703 0.01799 

Phys i ea 1 and biotic variables entered 

Gradient (%) -0.64726 0.12114 

• 
Velocity (em/sec) 

Pool area (m 2 
) 

% pools 

0.49330 

1.10950 

0.83786 

-0.34773 

0.14048 

-1. 08514 

% boulders (> 30-91 em) -0.67364 0.07512 

% cobble (15-30 cm) -0.36845 -0.81955 

% sand « 0.25 em) -1.73115 -0.16015 

Coho density (fish/m2 ) -1.15427 -0.13623 
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Table 20. Standardized cannonical discriminant function coefficients 
for cutthroat trout in Bear Creek, Oregon. • 

Discriminating variable Function 1 Function 2 

Physical variables entered 

Reach number 0.06886 -1.21032 

Gradient (%) -0.48928 -0.42181 

Velocity (cm/s) 1.09707 0.76573 

Discharge (m 3 /sec) -1. 07956 -0.86700 

Channel width (m) 0.57471 0.75300 

% pools 0.46071 -0.45037 

% riffl es -0.49869 -0.71105 

% large boulders (> 91 cm) 

Physical and biotic variables entered 

Reach number 

0.35201 

0.06886 

0.60644 

-1.21032 
• 

Gradient (%) -0.48928 -0.42181 

Velocity (cm/s) 1. 09707 0.76573 

Discharge (m 3 /sec) -1. 07956 -0.86700 

Channel width (m) 0.57471 0.75300 

% pools 0.46071 -0.45037 

% riffles -0.49869 -0.71105 

% large boulders (> 91 cm) 0.35201 0.60644 

96 • 



• Table 21. Standardized cannonical discriminant function coefficients 
for coho salmon in Elk Creek, Oregon. 

Discriminating variable Function 1 Function 2 

Physical variables entered 

Pool area 

% riffl es 

%gravel (0.25-7.5 em) 

% sand « 0.25 em) 

% shade 

Physical and biotic variables entered
 

Gradient (%)
 

• Velocity (em/sec)
 

Poo 1 area (m 2 
)
 

Reach area (m 2 )
 

% riffl es
 

%gravel (0.25-7.5 em)
 

% sand « 0.25 em)
 

% shade
 

Wetted width (m)
 

Cutthroat trout density
 
(fish/m%) 

Adult steel head trout 
density (fish/m%) 

0.99287 

-0.85156 

0.59945 

-0.65492 

-0.42275 

0.48973 

-0.22810 

-0.96638 

0.81616 

0.63365 

-0.54488 

0.64810 

0.47023 

-1.13101 

-0.43733 

0.29840 

0.32698 

-0.29667 

-0.65021 

-0.72063 

0.47466 

-0.53597 

0.66529 

0.24749 

0.46944 

-0.15947 

-0.80699 

-0.64039 

0.43357 

-0.35225 

0.57373 

0.37420 
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Table 22. Standardized cannonical discriminant function coefficients 
for coho salmon in Bear Creek, Oregon. • 

Discriminating variable Function 1 Function 2 

Physical variables entered 

Reach number 1.55346 -0.20914 

Discharge (mJ/sec) 0.63891 -0.01465 

% cobble (15-30 cm) -0.40665 0.21725 

% gravel (0.25-7.5 cm) 0.12437 -0.95682 

Physical and biotic variables entered 

Reach number 1.50567 0.55071 

Discharge (m1/sec) 

% cobble (15-30 cm) 

% gravel (0.25-7.5 em) 

Steelhead trout density 
all ages (fish/m 2 

) 

-

0.57577 

-0.38145 

0.11151 

-0.09628 

0.48567 

-0.36226 

0.84024 

0.69654 

• 
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• ...+ d. Z
lp P 

i thwhere D. = the discriminant score for the group
1 

=weighting coefficientsdij 

Z. =standardized values of p number of discriminating variables. 
J 

Stream station number, which reflects the distance of the sampling station 
upstream from the fi rst transect, is the most important vari ab 1e for coho 
salmon habitat classification in Bear Creek (Table 22). The combination of 
pool area and wetted width of the section are the most important factors for 
classification of coho salmon habitat in Elk Creek when both physical and 
biotic factors are considered (Table 21). 

• 

The relative importance of these variables was associated with the first 
discriminant function only, which accounted for 88 to 98% of the variability 
in classification of habitat for coho salmon, irrespective of the creek 
classified. The first discriminant function accounted for 70 to 84% of the 
variabi 1ity in separating habitat groups for cutthroat trout in Elk Creek 
(Table 19). The first discriminant function accounted for only 58% of the 
variability separating habitat groups for cutthroat trout in Bear Creek (Table 
20); therefore, the second discriminant function was also conSidered. The 
most important variables were those with high values in both discriminant 
functions, velocity and flow. Entering biotic variables, as well as physical 
factors, into the classification scheme did not increase the amount of vari
abi 1i ty that cou1 d be accounted for in c1 ass i fi cat ions of habi tat for coho 
salmon or cutthroat trout in Bear Creek. It only increased the discriminating 
ability of habitat classification 7.41% for ,coho salmon and 1.85% for cutthroat 
trout in Elk Creek. This does not necessarily mean that biotic factors are 
unimportant in these two creeks. However, data on food availability, diseases, 
and terrestrial predators were unavailable. In addition, Elk Creek and Bear 
Creek are relatively depauperate in ichthyofauna, and biotic variables may be 
more important in systems with great species richness. The classification is 
of the overall stream system; reach-specific predictions will be affected by 
biotic variables, as shown in Figures 2 through 4, 7, 8, 12, 13, and 15 through 
17. 

CONC LUS IONS 

• 

The discriminant analysis approach was more accurate than HSI 1 s based on 
aggregated Suitability Indices in predicting groups of standing crop values 
standardized to a 0-1.0 HSI scale. The percentage of correct classification 
with the discriminant analysis approach for coho habitats ranged from 87% in 
Bear Creek to 91% in Elk Creek; for cutthroat trout, it ranged from 57% in Elk 
Creek to 76% in Bear Creek. Using the same three HSI group classifications as 
in the discriminant analysis, the percentage of correct classifications of 
coho habitat with model-produced HSI predictions were 40%, 40%, and 34% for 
the ILF, LSI, and AVM approaches, respectively. The percentage of correct 
cla~sifications for cutthroat trout were 70%, 19%, and 26% for the ILF, LSI, 
and AVM approaches, respectively. 
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One advantage of the discriminant analysis approach is that it classifies 
groups in a way that considers various interactions between habitat factors •
and, indeed, many habitat variables in aquatic systems are partially corre
lated. The stepwise procedure also helps in the determination of the most 
important factor limiting species abundance within an individual system. For 
example, pool area and gravel substrate were the most important physical 
factors determining habitat quality for coho salmon in Elk Creek. Reach 
number, discharge, and cobble substrate were the most important factors for 
coho in Bear Creek. Cutthroat trout al so responded to different physical 
factors in different creeks. Therefore, it appears that different limiting 
factors can, and do, operate indifferent systems. 

The relationships between physical factors and habitat quality may vary 
from reach to reach, especially when modified by biotic variables, such as 
competition. This assumption is supported by the differences in utilization 
patterns for cutthroat trout between areas above stream barriers that 1imit 
competition by other species and areas below barriers where both coho salmon 
and steel head trout are found. When an entire stream is considered, biological 
interactions may not seem to be as important as physical factors in affecting 
fish distribution. However, biological interactions can be extremely important 
on a smaller scale, such as a stream reach. As shown in this study, inter
specific competition can greatly affect empirically-derived SII S for cutthroat 
trout. SII S derived from population data were higher for areas where there 
was no competition. 

Another factor to consider at the reach-specific level is the availability • 
o·f microhabitats and associated resources. This refers both to food and 
cover and to the presence of predators and competitors that 1imit access to 
these resources. These types of interactions have been discussed by Werner 
and Hall (1976) and Werner (1977). 

The feasibility of a hierarchical classification of stream habitats based 
on HSI's needs to be investigated. Warren (1979), Warren and Liss (1983), and 
Tonn et al. (1983) strongly advocate hierarchical classification as a practical 
means of habitat management at the community level. Many tools are available 
to analyze the influence of habitat variables on the distribution of a 
particular plant species, such as ordination, gradient analysis, and discrim
inant analysis. There is a potential problem with the use of some of the 
multivariate tools because of the likelihood of violating model assumptions 
despite careful sampling (Green 1980). The consequences of violating the 
assumptions are not well understood. However, Pimentel and Frey (1978) stated 
that the results of simulations based on data from known probability distribu
tions indicate that departures from the assumptions do not affect the results 
of the analysis. For greater detail, consult Pimentel and Frey (1978), Green 
(1980), and Gauch (1982). 

It is important to recognize that the models discussed in this report, 
including the discriminant model, do not demonstrate cause and effect relation
ships. However, these models are descriptive tools that can be used to 
identify possible habitat relationships to test in studies designed to 
determine the mechanisms that affect the distribution of a species. •100 
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• APPENDIX A. EMPIRICALLY-DERIVED HSI'S FOR SURVEY SITES IN THE NESTUCCA 
DRAINAGE (ELK CREEK AND BEAR CREEK) AND SOUTHCENTRAL OREGON COASTAL
 

DRAINAGES (SMITH, SOUTH COOS, AND COQUILLE). 

Table A-I. Empirically derived HSI's for Bear Creek, Oregon. 

Fish speci es 

Station Coho a Steel head Cutthroat Station Coho Steel head Cutthroat 
number salmon b C 

Fish speci es 

number salmon a b Ctrout trouttrout trout

1 0.25 0.06 0 24 0.52 0.35 0.05 
2 0.17 0.06 0 25 0.09 0.21 0.13 
3 0.09 0.04 0.02 26 0.22 0.37 0.16 
4 0.17 0.13 0.02 27d 0.28 0.45 0.08 
5 0.25 0.14 0.11 28 0 0.42 0.22 
6 0.22 0.18 0.02 29 0 0.32 0.22 
7 0.07 0.22 0.02 30 0 0.34 0.22 
8 0.01 0.11 0.02 31 0 0.21 0.11 
9 0.13 0.43 0.02 32 0 0.30 0.19 

• 10 0.10 0.35 0.02 33 0 0.39 0.61 
11 0.20 0.21 0.02 34 0 0.31 0.61 
12 0.13 0.38 0.02 35 0 0.37 0.36 
13 0.05 0.21 0.02 36 0 0.18 0.36 
14 0.56 0.47 0.13 37" 0 0.22 0.52 
15 0.43 0.25 0.02 38 0 0.09 0.50 
16 0.23 0.16 0.08 39 0 0.04 0.16 
17 0.09 0.31 0.05 40 0 0.03 0.94 
18 0.43 0.36 0.02 41 0 0.05 0.38 
19 0.09 0.49 0.16 42 0 0.06 1.00 
20 0.23 0.71 0 43 0 0.05 0.36 

44 0 0.17 0.2721 0.25 0.50 0.11 
22 0.31 0.54 0.02 45 0 0.05 0.44 
23 0.08 0.16 0.02 46 0 0.07 0.38 

aHSI = Estimated standing crop/0.222 fish/m:. 
. 

bHSI =Estimated standing crop/0.391 fish/m 2 
• 

cHSI = Estimated standing crop/0.036 fi sh/m2 
• 

dStations numbered 28 and higher were above a logjam; coho salmon were absent 
from these stations. 
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Table A-2. Empirically derived HSI's for Elk Creek, Oregon. • 
Fish speciesFish species 

Station Steel head CutthroatStation Coho Steelhead Cutthroat 
number salmon a b C number s~~~~na b ctrout trouttrout trout

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

0.55 
0.14 
0.32 
0.32 
0.17 
0.29 
0.40 
0.20 
0.13 
0.24 
0.31 
0.57 
0.44 
0.27 
0.31 
0.26 
0.91 
0.10 
0.39 
0.14 
0.14 
0.53 
0.71 
0.29 
0.45 
0.31 
0.22 

0.21 
0.28 
0.24 
0.16 
0.31 
0.39 
0.10 
0.13 
0.14 
0.09 
0.29 
0.20 
0.18 
0.32 
0.09 
0.11 
0.03 
0.26 
0.20 
0.19 
0.18 
0.27 
0.14 
0.18 
0.14 
0.49 
1.00 

0.08 
0.06 
0.03 
0.06 
0.03 
0.06 
0.08 
0.0 
0.0 
0.03 
0.03 
0.11 
0.06 
0.03 
0.06 
0.03 
0.06 
0 
0.11 
0.03 
0.03 
0.06 
0.06 
0 
0 
a 
0.03 

74 
75 
76 
77 
78d79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

0.19 
0.18 
0.14 
0.21 
0.22 
0.44 
0.27 
0.31 
0.26 
0.45 
0.18 
0.23 
0.29 
0.79 
0.02 
1.00 
0.005 
0.14 
a 
0.15 
0.71 
0.06 
0.01 
0.13 
0.50 
0.15 
0.01 

0.39 
0.31 
0.42 
0.36 
0.64 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
a 
a 
0 
0 
a 
a 
0 
0 
0 
0 
0 
0 

0.03 
0 
0 
0 
0.03 
0.01 
0.06 
0.03 
0.06 
0 
a 
0.14 
0.06 
0.17 
0.06 
0.06 
0.06 
0.75 
0.03 
0.28 
0.53 
0.28 

0 
0.03 
0.44 
0.22 
0.08 

• 

aHS1 = Estimated standing crop/O.222 fish/m 2 
• 

bHS1 = Estimated standing crop/0.391 fish/m 2 . 

cHS1 = Estimated standing crop/0.036 fish/m 2 • 

dStations numbered 79 and higher were 
absent from these stations. 

above a waterfall; steel head trout were 
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• Table A-3. Empirically derived HSI's for southcentral Oregon 
coastal drainages. 

Fish species 

Cohoa Cutthroatb 

Ora i nage salmon trout 

Smith 0 0.51 
0 1. 00 
0 0.49 
0.57 0.01 
0.02 0 
1.00 0 
0.08 0.01 
0.05 0.02 
0 
0 
0.23 0 
0.03 0 

• 
0.03 

South Coos 0.38 
0.43 
0.31 
0.60 

0.02 
0 
0.10 
0.08 
0.03 

0.90 0.18 
0.81 0.15 
0.77 0.10 
0.53 0.51 
0.11 0 
0.38 0.51 
0.14 0 
0.03 0 
0.78 0 
0.93 0.02 
0.74 0.01 
0.76 0 

Coquill e 0.04 Absent 
0.03 Absent 
0.24 Absent 
0.29 Absent 
0.24 Absent 
0.06 Absent 

aHS1 = Estimated standing crop/2.91 gm/m 2 • 

• bHS1 = Estimated standi ng crop/7.81 gm/m 2 
• 

105 



APPENDIX B. PHYSICAL FACTORS MEASURED AT SURVEY SITES IN THE 
NESTUCCA DRAINAGE AND IN THE SOUTHCENTRAL OREGON COASTAL DRAINAGES. • 

Nestucca drainage Southcentral coastal drainages 

Gradient (%) 
Velocity (m/sec) 
Flow (ds) 
Channel width (m) 
Wetted width (m) 
Pool width (m) 
Maximum pool depth(m) 
% pools/riffles/glides/rapids/cascades 
% bedrock 
% boulders 
% cobble 
% rubble 
% coarse gravel 
% fine gravel
% sand . 
% silt 
% large organic material 
% fine organic material 
Landform type 
Landform gradient 
Riparian width (m) 
% cover 
Channel stability 
Bank stabil ity 
Air temperature 
Water temperature 
Average depth 

Elevation (m)
 
Si te 1ength (m)
 
Average width (m)
 
Maximum width (m)
 
Average depth (m)
 
Maximum depth (m)
 
Station volume (m J 

)
 

Station surface area (m 2 
)
 

Flow (cfs)
 
Average velocity (m/sec)
 
Maximum temperature (OC)
 
Minimum temperature (OC)
 
Pool/riffle ratio
 
% canopy
 
% shade
 
% bedrock.
 
% mixed substrate
 
% boulders (> 30 cm)
 
% cobble (15-30 em)
 
% rubble (7.6-14.9 cm)
 •
% coarse gravel (2.6-7.5 em)
 
% small gravel (0.25-2.5 em)
 
% sand « 0.25)
 
% wood
 
% instream cover
 

•
 



•
 
APPENDIX C 

DRAFT SUITABILITY INDEX (SI) GRAPHS PRODUCED BY THE 
HABITAT EVALUATION PROCEDURES GROUP 

• 
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EVALUATION OF THE RIVERINE CUTTHROAT TROUT 

HABITAT SUITABILITY INDEX MODEL 

by 

William R. Persons and Ross V. Bulkley 
Utah Cooperative Fishery Research Unit 

Utah State University 
Logan, UT 

INTRODUCTION 

The Western Energy and Land Use Team of the U.S. Fish and Wildlife Service 
has developed a cutthroat trout (Salmo clarki) riverine Habitat Suitability 
Index (HSI) model (Hickman and Raleigh 1982) for use with the Habitat 
Evaluation Procedures (HEP) (U.S. Fish and Wildlife Service 1980). The HSI is 
a numerical index that represents the ability of a given habitat to support 
riverine cutthroat trout. The HSI has a minimum value of 0.0, which represents 
a lack of suitable habitat, and a maximum value of 1.0, which represents 
opt i mum habitat. •The objective of this project was to evaluate a draft version (Appendix A) 
of the cutthroat trout.riverine HSI model with field data. 

MATERIALS AND METHODS 

Habitat Model 

The cutthroat trout HSI model that was tested was a draft of the model 
later published by Hickman and Raleigh (1982). The model (Appendix A) defines 
habitat variables (Vi) and, through the use of Suitability Index curves, 

assigns the data for each variable a Suitability Index (SI) from 0.0 to 1.0. 
An SI of 1.0 represents optimal conditions for a variable; an index of 0.0 
represents unsuitable conditions. Suitability indices for individual variables 
are combined, or aggregated, by various techniques to produce a life stage 
component (C) suitabi 1ity index (S1) for the different 1ife stages (embryo, 
fry, juvenile, and adult). Life stage component SIl s are then aggregated to 
produce a species Habitat Suitability Index (HSI). 

In order to properly use an HSI model with the Habitat Evaluation 
Procedures (HEP), the user must assume a direct linear relationship between 
the HSI and carrying capacity (U.S. Fish and Wildlife Service 1980). 
Specifi ca lly, HEP is based on the assumption that a un; t change in the HSI 
always has the same significance for an evaluation species (i .e., always • 
corresponds to the same change of carrying capacity units) (Fig. 1). 
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Data	 Set 

The data set used to evaluate the model was taken from information •
collected for several years at 24 sample sites in seven Idaho, Nevada, and 
Utah streams (Appendix B) (Platts and Partridge 1980; Platts et al. 1980; 
Platts and Nelson 1981a, 1981b, 1981c, 1981d). Physical habitat data were 
collected from two to six sites in each stream on transects at 3 m intervals 
and perpendicular to the stream flow. Each site usually contained 60 
transects. Yearly mean values of physical habitat data at each site were used 
to test the HSI model. Data were not always available exactly as described 
for each variable in the model; estimates or data for similar variables were 
used in these instances (Table 1). 

Fish populations were sampled by electrofishing with the two-step removal 
depletion method (Serber and LeCren 1967). Each study site was fished twice 
within each transect interval; first from the lower to the upper transect and 
then from the upper to the lower. Body 1ength, wei ght, and speci es were 
recorded for each fish collected. Total fish populations and total weights 
were est i ma ted from the. sample with a 95% con fi dence i nterva 1 (Pl atts and 
Nelson 1981a). Mean biomass (g/m 2 ) was used as a standing crop estimate at 
each site for each year sampled. Twenty-seven standing crop estimates for 
cutthroat trout were available from four streams. Eighteen rainbow trout 
standing crop estimates were available for three streams. Because the draft 
rainbow and cutthroat trout HSI models were similar, the cutthroat trout model 
was also tested with rainbow trout data. 

Standing crop estimates were based on data for adult and juvenile life • 
stages. Ideally, 1 i fe stage component SI' s are tested wi th thei r respective 
biomass estimates. It is necessary to assume constant recruitment in order 
to estimate embryo and fry life stage biomass from adult and juvenile biomass 
estimates. 

STREAM DESCRIPTIONS 

Cutthroat Trout Streams 

Angus Creek, Caribou County, Idaho, is a small, spring-fed, low gradient 
stream, flowing primarily through valley bottomlands. Streamside vegetation 
consists of grasses (Gramineae), willow (Salix sPP.), and sagebrush (Artemisia 
spp.). Angus Creek contains cutthroat trout, one or two species of suckers 
(Catostomus catostomus, f. platyrhynchus), dace (Rhinichthys sPP.), redside 
shiner (Richardsonius balteatus), and sculpin (Cottus spp.) (Platts and 
Partridge 1980; Platts et al. 1980). 

Diamond Creek, Idaho, similar to Angus Creek in most respects, joins 
Lane's Creek to form the Blackfoot River in Caribou County. It is the primary 
tributary used by cutthroat trout for spawning and rearing in the drainage. 
It also contains brook trout (Salvelinus fontinalis), sculpin, dace, redside 
shiner, and suckers. During low stream flows in the summer and fall, portions 
of Diamond Creek dry up because of irrigation diversions and stream channel 
splitting (Platts and Partridge 1980; Platts et al. 1980). 
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• Table 1. Variables used to test the riverine cutthroat trout HSI model. 

Model variablea Variable used to test model 

•
 

VI Maximum temperature 

Vz Maximum temperature 
(reproduction stage) 

V Dissolved oxygen1 

V", Depth 

Vs Velocity 

Percent cover (Adult)VSA 

Percent cover (Juvenile)VSJ 

Substrate (Embryo) 

V. Substrate (Cover) 

V, Substrate (Food 
production) 

VlC Percent pools 

VII Streambank vegetation 

VlZ Bank stability 

Vl3 pH 

VI'" Flow regime 

V15 Pool class rating ~ 

V Percent finesli 

Estimated when data were not available. b
 

Estimated during embryo development. b
 

Estimated when data were not available. b
 

Average depth during the sampling period.
 

Estimated effects of velocity on embryo
 

development. b
 

Calculated as percent vegetative overhang +
 
percent undercut banks + percent boulders.
 

Calculated as percent vegetative overhang +
 
percent undercut banks + percent boulders.
 

Estimated suitability of substrate for
 

spawning and embryo development. b
 

Calculated as percent rubble + percent boulder.
 

Substrate for food production rating (Appendix

B, Table B-1).
 

Calculated from (pool width)/(stream width).
 

Streamside cover rating (Appendix B,
 
Table B-2).
 

Streamside stability rating (Appendix B,
 
Table B-3).
 

Estimated when data were not available. b
 

Data or estimate not available.
 

Pool quality rating (Appendix B, Table B-4).
 

Embeddedness rating (Appendix 8, Table B-5).
 

aModel variables are described in Appendix A. 

• 
bVariable values estimated by W. S. Platts (personal communication, U.S. 
Forest Service, Boise, Idaho). 
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The Blackfoot River and reservoir produce trophy-size cutthroat trout 
that migrate up the river to spawn in tributary streams. The Blackfoot River •above the reservoir contains cutthroat trout, rainbow trout (Salmo gairdneri), 
suckers, carp (Cyprinus carpio), dace, redside shiner, sculpin, brook trout, 
and chub (Gila spp.) (Platts and Partridge 1980; Platts et al., 1980). 

Gance Creek, Elko County, Nevada, is a highly unstable system, as 
reflected by the dramatic fluctuations over time of its hydrologic, aquatic 
habitat, and fish population characteristics (Platts and Nelson 1981a). The 
Gance Creek watershed is prlmarily sagebrush grazing land. Nonnative species 
of trout have been introduced in the past, but, at the time of the data 
collection, the salmonid population appeared to be Lahontan cutthroat trout 
(Salmo clarki henshawi) or, possibly, H.umboldt River cutthroat (Salmo clarki 
subsp.). Sculpin and dace also occur in Gance Creek, although primarily below 
the area of highest concentration of cutthroat trout (Platts and Nefson 1981d). 

Rainbow Trout Streams 

Tabor Creek, Elko County, Nevada, is su~rounded by semiarid shrubsteppe, 
with an almost uniform stand of sagebrush, used primarily for grazing. Tabor 
Creek contains rainbow trout, sculpin, dace, and suckers. Hatchery rainbow 
trout have been stocked in part of the study area (Platts and Nelson 1981a). 

Otter Creek, Utah, is a meandering, low gradient stream in grazing land 
located in Piute County. The creek receives considerable recreational fishing 
pressure and supports on ly 1imi ted natura 1 reproduction. It is managed as a • 
put-and-take fishery to provide more recreation than the stream is capable of 
producing naturally. Brown trout (Salmo trutta) and rainbow trout were 
co 11 ected from the stream. Bi omass estimates may be bi ased due to stocking 
and angler harvesting (Platts and Nelson 1981b). 

Big Creek, Rich County, Utah, is similar to Otter Creek. The land 
surrounding Big Creek is a semiarid shrubsteppe. Big sagebrush (Artemisia 
tridentata) is the dominant plant on the grazed hills surrounding the stream. 
Nongame species dominate the fish community; sculpins are the most abundant 
species present. Suckers, rainbow trout, and cutthroat trout are also present 
(Platts and Nelson 1981c). 

RESULTS 

Evaluation of Cutthroat Trout Suitability Index Curves 

Correlation coefficients. Suitability indices (SII S) for 16 habitat 
variables were compared with 27 cutthroat trout standing crop estimates. 
Correlation coefficients could be calculated for 14 of the 16 variables; 
coefficients for 10 of these variables had a negative value. The low values 
for most of the correlation coefficients « 0.5) indicated a poor relationship 
between estimates of standing crop and suitability indices for individual 
variables (Table 2). The Suitability Index for average depth (V/t) had a 

significant negative correlation with cutthroat trout biomass (r = -0.46, • 
p ~ 0.01); however, the relationship was the opposite of that expected. 
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• Table 2. Mean, standard deviation, and correlation of suitability 
indices and biomass for 27 cutthroat trout and 18 rainbow trout samples. 

Variable 
Cutthroat (n 
Mean SO 

=27) 
r 

Rainbow (n 
Mean SO 

=18) 
r 

Total 
Mean 

(n 
SO 

= 45) 
r 

V1 0.75 0.19 -0.12 0.80 0.15 0.53 0.77 0.17 0.13 

V2 0.61 0.24 -0.07 0.53 0.38 0.47 0.58 0.30 0.22 

VJ 1. 00 a 0.83 0.24 0.28 0.93 0.17 0.26 

V4 0.51 0.35 -0.46** 0.65 0.26 -0.49 0.56 0.33 -0.49** 

Vs 0.82 0.24 -0.49** 0.93 0.10 0.28 0.86 0.20 -0.35** 

V'A 0.79 0.18 -0.18 0.83 0.24 -0.42 0.81 0.21 -0.30 

VSJ 0.93 0.12 0.02 0.93 0.12 -0.20 0.93 0.12 -0.06 

• 
V7 

.V, 

V, 

0.96 

0.68 

0.57 

0.13 

0.39 

0.14 

0.34 

0.09 

-0.01 

1.0 

0.74 

0.60 

a 

0.39 

a 

0.28 

0.98 

0.70 

0.58 

0.10 

0.39 

0.11 

0.21 

0.14 

-0.03 

VlO 0.78 0.20 0.37 0.81 0.17 0.01 0.79 0.19 0.22 

V11 0.72 0.17 -0.21 0.49 0.08 0.11 0.63 0.18 0.05 

V12 0.77 0.24 -0.39 0.68 0.20 -0.07 0.73 0.23 -0.22 

V13 1.00 0 0.90 0.15 0.25 0.96 0.10. 0.24 

Vts 0.57 0.23 -0.18 0.62 0.25 -0.36 0.59 0.24 -0.28 

Vu 0.28 0.13 -0.03 0.27 0.11 0.38 0.27 0.12 0.13 

**p S 0.01 
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Streams with relatively shallow mean depths « 10 cm) had high standing crops • 
of trout, whereas relatively deep streams (> 40 cm) had low standing crops. 
The Suitability Index for average velocity (V s ) was also significantly 

negatively correlated with cutthrot trout biomass (r = -0.49, P ~ 0.01). 
These two negative correlations indicated a need to revise the suitability 
curves for depth (Vl,) and velocity (V s ) for cutthroat trout in the streams 

sampled. 

Suitability Index - biomass plots. If field data exactly fit the suit
ability curves, all data points fall on a theoretical (45°) regression line, 
as illustrated in Figure 1. However, if all the data points for a particular 
variable did fall on the theoretical 45° line, it would i(ldicate that the 
variable independently determined standing crop. This condition does not 
occur because many habitat variables interact to determine standing crop. 
Therefore, a SUitability Index curve can be accurate if most data points are 
on or below the theoretical regression line. Data points far above the 45° 
line may indicate poor data, inaccurate suitability index curves, or a 
combination of these two factors. 

For the data tested, the theoretical regression line was drawn to reflect 
an "opt imum ll ca rryi ng capacity (max imum standi ng crop) of 14.6 g/m 2 

, measured 
for rainbow trout. Suitability indices for each variable were plotted against 
standing crop estimates (Figs. 2 to 17) so that the fit of the field data to 
the sUitability index curves and verbal ratings of the model could be examined. 

Water temperature for adults, juveniles, and fry (V 1 ) was not signif- • 

icantly correlated with biomass, but most data points were in the acceptable 
range under the theoretical regression line (Fig. 2). Most values for embryo 
temperature (V z ) also were under the theoretical regression line (Fig. 3). 

The three data points (SI = 0.5, biomass =9 to 12 g/m Z ) above the theoretical 
regression line in Figure 3 represent Lahontan, or possibly Humboldt River, 
cutthroat strains from Gance Creek, Nevada. Both of these strains are very 
adaptable to warm temperatures. Based on the location of most of the data 
points in relation to the theoretical regression lines, the assumed relation
ship between habitat suitability and temperature is probably accurately 
described by the model suitability index curves V1 and Vz . However, evaluating 

an embryo SI curve (V z) with adult and juvenile biomass estimates is question

able because it is based on an assumption of constant year class strength and 
recruitment. 

Dissolved oxygen in all cutthroat trout streams was rated as optimal, and 
all of the data points were under the theoretical regression line (Fig. 4). 
Because all of the data points equated to the same SI rating, an evaluation of 
the model IS suitability index curve for oxygen was not possible. 

•118 



• • 

•
 
lS 

12 

-0::: 
lLJ 
I 
lLJ 
1: 

I.L.J 
0::: 9
< 
=> 
0 
(f) 

• 
0::: 
lLJ 
c
(f) 6L: 
< 
0::: 

-~ 

(f) 
(f) 

< 
L: 30-tD 

0 

• 

• Rainbow trout 

A Cutthroat trout 

• 

• 
• 

• 
• •

•• 
a •• 

,• •a 

I
! 

•• 
0.0 0.2 0.4 0.6 0·.8 1 . 0 

5I CTEMPERA TURE V1) 

• 
Figure 2. Relationship between temperature for adults, juveniles,
and fry (V 1 ) and biomass. 

119 



15 

•
 

12 

a:::: 
IJ.J 
l-
IJ.J 
!: 

IJ.J 
a:::: 9< 
:=> 
a 
(f.) 

a:::: 
IJ.J 
0

(f.) 6!: 
<
a::: 
C> ...... 

(f.) 
(f.) 

< 
!: 
0 3 -CD 

0 

• 

• Rainbow tro ut .. Cutthroat trout ... 

... 

... 

... 

... 

...	 

•• 
... • ...... 

... ...t 
... 
a •!• !• ... •	 •• • 

0.0	 0.2 0.4 0.6 . 0.8 1 . 0 
51 (TEMP. EMBRYO V2) 

Figure 3. Relationship between temperature for embryos (V z ) and biomass. 

120 • 



•• • 

e·
 
15 

12 

a:::
~ 
to-
I.LJ 
r 
I.LJ 
a::: 9
-< 
=> 
C 
(J) 

a::: 
I.LJ 
a.. 

e (J) 61: 
-< 
a::: 
c::> 

(J) 
(J) 

< 
1: 3CI-(Xl 

0 

• 

• Rainbow trout 
~ Cutth roa t trout 

A 

A 

A 

t: 

A 

• 
III 
A 
A 

* 
A 

A 

•
• I* •• 

0.0 0.2 0.4 0.6 0.8 1 .0 
SI (DISSOLYED OXYGEN Y3) 

Ffgure 4. Relatfonship between dissolved oxygen (V J ) and biomass. 

e 121 



One-fourth of the data points were located above the theoretical regres
sion line when depth S1 ratings versus biomass were plotted (Fig. 5). There •fore, the actual biomass was greater than the biomass predicted by the suit
ability index curve. All of the S1l s of 0.1 were from Gance Creek, which 
contains the Lahontan or Humboldt River subspecies of trout. The adaptability 
and har.diness of this strain may explain the relatively high standing crops 
present when the S1's predicted a low carrying capacity. It appears that 
alternate SI curves for depth may be needed for di fferent popul at i on s of 
cutthroat. 

With the exception of three data points for Gance Creek, most of the data 
points for water velocity in embryo habitat (V s ) were below the theoretical 

regression line (Fig. 6). Although the S1's for this variable had a signif
icant negative correlation with biomass (Table 2), most data point-s were 
within the acceptable range of values. However, the validity of testing this 
embryo curve with adult and juvenile biomass data is questionable because it 
is based on an assumption of constant recruitment. 

Data points for percent cover suitability indices for adults and juveniles 
(ViA' were below the theoretical regression lines (Figs. 7 and 8). DataViJ ) 

from the Gance Creek population were again above the theoretical regression 
line, suggesting that different suitability curves may be needed for some 
cutthroat populations. 

With the exception of two sample sites on the Blackfoot River, spawning 
substrate (V 7 ) at cutthroat streams was rated as optimal (Fig. 9); therefore, 

the model suitability index curve could not be evaluated. Most juvenile •
substrate ratings (V.) were near or below the theoretical regression line 

(Fig. 10), indicating that the suitability index curve was probably valid. 
Substrate for food production (V s ) was most often rated as 0.6 (Fig. 11). 

Three of the data points above the theoretical regression 1ine were for the 
Gance Creek population. 

Data points for percent pools (V 10 ) ratings were on or below the theoret

ical regression line (Fig. 12). With the exception of three data points from 
Gance Creek, data points for streamside cover (Vii) and bank stability (V 12 ) 

ratings also were below the theoretical regression line (Figs. 13 and 14). 
Therefore, suitability index curves for V10 , Vii' and V12 were assumed to be 

relatively valid, although changes in the curves may be necessary for certain 
populations or subspecies. 

All pH (V u ) values for cutthroat were rated at 1.0; therefore, the 

suitability curve could not be evaluated (Fig. 15). Pool rating (V l5 ) had 

several data points above the theoretical regression line (Fig. 16); most of 
these points were from the Gance Creek population. The standing crops of 
cutthroat at Gance Creek were higher than predicted by the suitability index 
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rating for pool quality. Because the Lahontan or Humboldt subspecies of trout 
found in Gance Creek may have different habitat requirements than other sub
species, different habitat suitability curves may be needed for this 
population. 

Percent embeddedness ratings (VI') did not have a significant relationship 

to standi ng crops of cutthroat (Fi g. 17); many of the data poi nts are above 
the theoretical regression line. Because no ratings were higher than 0.5, the 
rating system for percent embeddedness used in testing the model may have been 
inaccurate. 

Evaluation of Life Stage Components 

Life stage component ratings are calculated by aggregating SIl s for 
individual variables in various ways. The aggregation technique attempts to 
reflect the interactions of habitat variables in determining habitat suit
ability. For example, the aggregation of SIrs for the juvenile component (CJ) 
(Appendix A) is an arithmetic mean for three variables (V" VIa, and V1S ): 

CJ= 

If any of these three variables s: 0.4, then CJ = the lowest variable score. 
Additional life stage components for the cutthroat trout used geometric means 
and/or arithmetic means of from three to seven variables. For example, the 
"other ll component (CO) combines seven variables: 

CO = x (V, x V, x V" x V,,)1/4] 

The habitat suitability index (HSI) ;s assumed to have a direct linear 
relationship with carrying capacity when used in HEP. We used estimated 
standi ng crop as a measure of carryi ng capacity and eva 1uated 1ife stage 
component suitability indices (SIl s ) by comparing their fit to the theoretical 
regression line (Fig. I), as was done for single variables. If aggregation 
techniques are valid, the plots of life stage component ratings versus biomass 
data points will be on (not below) the theoretical regression line and correla
tions between life stage,component SII S and biomass will be positive. 

There were no significant positive correlations between life stage compo
nent ratings and biomass; the only significant correlation was negative [Adult 
component (CA), r =-0.45, P ~ 0.01] (Table 3). The model only has predictive 
ability for our data set when life stage component ratings have a linear 
relationship with biomass. Therefore, none of the life stage aggregation 
techniques were valid because none of the life stage components had a linear 
relationship with biomass (Figs. 18 to 22) . 
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Figure 17. Relationship between percent embeddedness (V 16 ) and biomass. 
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• Table 3. Mean, standard deviation, and correlation coefficient of 
life stage component suitability indices and species HSI's for 27 
cutthroat trout and 18 rainbow trout samples. 

Variablea Cutthroat (n 
Mean SO 

= 27) 
r 

Rainbow (n 
Mean SO 

= 18) 
r 

Total 
Mean 

(n 
SO 

= 45) 
r 

• 

CA 

CJ 

CF 

CE 

CO 

HSI-l 

HSI-2 

HSI-3 

"''''P s 0.01 

0.60 

0.74 

0.46 

0.56 

0.69 

0.40 

0.36 

0.39 

0.19 

0.10 

0.25 

0.08 

0.04 

0.22 

0.17 

0.21 

-0.45""" 

0.08 

0.13 

-0.41 

-0.20 

-0.12 

-0.11 

-0.11 

0.66 

0.78 

0.46 

0.42 

0.59 

0.24 

0.23 

0.23 

0.25 

0.12 

0.23 

0.26 

0.07 

0.15 

0.12 

0.12 

-0.52 

-0.30 

-0.45 

0.44 

0.41 

0.23 

0.30 

0.30 

0.62 

0.76 

0.46 

0.50 

0.65 

0.34 

0.31 

0.32 

0.22 

0.11 

0.24 

0.19 

0.07 

0.21 

0.16 

0.19 

-0.49""" 

-0.13 

0.24 

0,21 

0.24 

0.07 

0.10 

0.10 

aCA = Adult component 

CJ = Juvenile component 

CF = Fry component 

CE = Embryo component 

CO =Other component 

HSI-1 =Equal component method 

HSI-2 =Noncompensatory method 

HSI-3 =Compensatory method 
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Figure 18. Relationship between adult component 51 and biomass. 
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Evaluation of species HS1's. Species HS1 1 s were calculated by aggregating 
the five life stage component SI's. Three potential aggregations of the life 
stage component SIl s were provided in the model (Appendix A). The species 
HS1 1 s cannot be expected to be accurate because the life stage component SI·s 
were shown to be invalid. All correlations between biomass and cutthroat 
species HSI.'s were negative (Table 3). A direct linear relationship between 
species HSI's and biomass was not evident (Figs. 23 to 25); therefore, the 
aggregation techniques proposed in the model are not valid. 

Evaluation of Rainbow Trout SUitability Index Curves 

Correlation coefficients. There were no significant correlations between 
rainbow. trout biomass and suitabil ity indices of individual variables 
(Table 2). The low values of most correlation coefficients « 0.6) indicated 
the lack. of a significant relationship between standing crop estimates and 
suitability indices of individual variables. 

Sui tabil ity index - bi omass plots. Most data poi nts in Fi gures 2 to 18 
for rainbow ·trout were below the theoretical regression line relating an 
individual SI to biomass. The theoretical regression line was based on the 
maximum biomass observed for rainbow trout (14.6 g/m 2 ). Therefore, every time 
the calculated SI for a habitat variable value associated with this biomass 
estimate was less than optimum (1.0), the data point was above the theoretical 
regression line for that variable (Figs. 5, 10, 12, 13, 16, and 17). The 
maximum biomass observed was associated with suboptimum SIl s for depth (V~), 

substrate for food production (V,), streamside cover (V 11 ), bank stability 

(V 12 ), pool quality (V 1S ), and percent fines (V 1G ). Based on the data used in 

this study, many of these SI curves may need revision. Nevertheless, most of 
the suitability index curves and rating criteria seemed to adequately describe 
the relationship between individual habitat variables and habitat suitability, 
as estimated by standing crop measurements. 

Evaluation of Life Stage Component Ratings 

There was no direct linear relationship between life stage component Sl l s 
and biomass; therefore, the 1ife stage component aggregation techniques for 
this species were not valid (Table 3, Figs. 19 to 22). 

Evaluation of Species H5I's 

Rainbow trout species HSI1s were not significantly correlated with biomass 
estimates, and there w~s no direct linear relationship between species HSI's 
and rainbow trout biomass (Table 3, Figs. 23 to 25). Because the life stage 
component 51 1 s were not valid, the species HSIls could not be expected to be 
valid. Unless the life stage component SIrs used as input for species HSIls 
are valid, any aggregation of life stage components to produce a species H5I 
cannot be accurately tested. . 
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DISCUSSION 

The tested riverine cutthroat trout HSI model (Appendix A) did not 
accurately predict standing crops of cutthroat trout in the four streams 
examined. The model also failed to reflect standing crops of rainbow trout in 
three streams. Although there were some i nadequaci es in the data set, data 
for most habitat variables required in the model were tested. The reliance on 
estimates for some variables may have had an affect on model output; however, 
the estimates were considered accurate, and most of the estimates were for 
optimal (SI = 1.0) conditions. The omission of the variable for stream flow 
regime (V u ) affected output of the "other" component (CO) and the species 

HSI1s. However, V14 was not included as input for the adult (CA), juvenile 

(CJ), fry (CF), or embryo (CE) life stage components and, therefore, did not 
affect their output. 

The lack of biomass estimates for each life stage was a major flaw in the 
data base. Adul t and juveni 1e bi omass estimates can be used to test embryo 
and fry life stage components only with the assumption of constant recruitment. 
An assumption of constant recruitment necessitates an assumption of constant 
habitat suitability. However, habitat conditions vary considerably over time; 
therefore, the assumption of constant recruitment is probably not val id. 
Evaluation of early life stage component SIts using adult and juvenile biomass 
estimates does not appear to be meaningful. 

The suitability index curves may provide valuable insight for biologists. 
In general, the relationship between a single habitat variable and habitat 
suitability is fairly accurately described by most habitat suitability curves 
and the rating criteria (e.g., pool class rating) in the model. However, 
Lahontan or Humboldt River cutthroat trout subspecies appear to have tolerances 
and adaptabilities for many habitat parameters that are different from those 
for other subspecies. Alternative sUitability index curves and ratings may be 
needed for these populations. 

The inabil ity of the model to quantitatively describe trout habitat 
quality as measured by standing crop may be due in part to the omission of 
important habitat parameters in the present model. Barriers to upstream 
migration, winter ice scouring, and species interactions are factors that 
probably affect trout standing crops in the streams examined (Dr. W. S. Platts, 
personal communication, U.S. Forest Service, Boise, 10). The omission of this 
type of parameter from the model is certainly expected to affect the ability 
of the model to predict carrying capacity as measured by standing crops. 

Many factors affect the carrying capacity of trout habitat, including the 
parameters presently included in the tested model. The lack of correlation 
between single habitat variables and standing crop substantiates the fact that 
habitat var; abl es interact with each other ina dynami c manner to affect 
overall habitat suitability. The exact nature of these interactions is un
known, but the reality of variable interaction and interdependency cannot be 
overlooked. Aggregation of variables into life stage components attempts, in 
a very crude manner, to address and quantify these interactions. Because 
variable interactions are unknown, the model structure is based on the intui
tion and biological knowledge of the model authors, rather than on rigorous 
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data analysis. Therefore, it is not surprlSlng that variable aggregations do • 
not represent real life conditions, as illustrated by data tested in this 
study. 

Although SI curves may adequately describe habitat suitability for 
individual variables, the major weakness of the tested model is in attempting 
to combine SIl s for individual variables into a suitability index for a life 
stage. That weakness is magni fi ed when 1i fe stage sui tabi 1i ty i ndi ces are 
combined into a single HSI for the species. 
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The letters Rand L in the habitat column identify variables used to 
evaluate riverine (R) or lacustrine (L) habitats. • 

R	 Average maximum water 
temperature (OC) during 
embryo development. 

1.0 

X 0.8 
QJ 

-0
c:- 0.6 
~ .,.... 
:;:: 0.4 
.0 
ro 

+.l 

~ 0.2 
U'l 

0.0 
5 10 15 

°C 
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• R,L (V 1 ) Average mlnlmum 1.0dissolved oxygen 
(mg/l) during the 
late growing season x 0.8 

<1Jlow water period and "'C 
eduring embryo develop- .... 0.6 

ment (adult, juvenile, >, 
+-)fry, and embryo).	 .,. 

.,.- 0.4 

..cFor lacustrine habitats, to 
+-)use the dissolved oxygen .,... 0.2~readings in temperature VI 

zones nearest to optimal 
where dissolved oxygen 0.0 
is> 3 mg/l. 

mg/1A =s 15° C 
B = > 15° C 

1.0R (VIl.)	 Average thalweg depth 
(cm) during the late 
growing season low x 0.8 

• 
<1Jwater period. "'C 
C.... 0.6A =s 5 m stream width >,
 

B = > 5 m stream width +-)
 
.~ 

,.-. 
0.4.~ 

..c 
to 
+-) .,... 
~ 0.2 
VI 

0.0 
15 30 45 60 

cm 

R (Vs)	 Average velocity 
(cm/sec) over spawning 1.0 
areas during embryo 
~evelopment. 
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<1J 

"'C 
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>, 
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R,L (v])	 Average minimum 
dissolved oxygen 
(mg/l) during the 
late growing season 
low water period and 
during embryo develop
ment (adult, juvenile, 
fry, and embryo). 

For lacustrine habitats, 
use the dissolved oxygen 
readings in temperature 
zones nearest to optimal 
where dissolved oxygen 
is > 3 mg/l. 

A =s 15° C 
B= > 15° C 

R (V 4 )	 Average thalweg depth 
(em) during the late 
growing season low 
water period. 

A = :s 5 m stream width 
B= > 5 m stream width 

R (V s)	 Average velocity 
(cm/sec) over spawning 
areas during embryo 
gevelopment. 
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• R (V s) 

R (V,) 

• 

R (V.) 

•
 

Percent cover 
during the late 
growing season, 
low water period 
at depths ~ 15 cm 
and velocities 
< 15 em/sec. 
J =Juveniles 
A ::= Adults 

Average size of sub-· 
strate between 0.3
8 cm diameter in 
spawning areas, 
preferably during the 
spawning period. 

To derive an average 
value for use with graph 
V, , include areas con

taining the best spawning 
substrate sampled until 
all potential spawning 
sites are included or 
until the sample contains 
an area eq ua 1 to 5% of the 
total cutthroat habitat 
being evaluated. 

Percent substrate size 
class (10-40 cm) used 
for winter and escape 
cover by fry and small 
juveniles. 
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R (V,) Dom; nan t (~ 50~~) 

substrate type in 
riffle-run areas for 
food production. 

A) Rubble or small 
boulders or aquatic 
vegetation in spring 
areas dominant with 
limited amounts of 
gravel, 1arge 
boulders, or bedrock. 

B) Rubble, gravel, 
boulders, and fines 
occur in approximately 
equal amounts or gravel 
is dominant. Aquatic 
vegetation mayor may 

C) 
not be present. 
Fines, bedrock, or 
large boulders are 
dominant. Rubble 
and gravel are 
insignificant (s 25%). 

R (V 1Q ) Percent pools during 
the late growing 
season, low water 
period. 

1.0 • 
x 0.8 
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s:: " - 0.6
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...... ..... 
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• R (V 11) Average percent vege- 1.0 
tat ion (trees, shrubs, 
and grasses-forbs) 

x 0.8along the streambank C1) 

during the summer for	 "'0 
c: 

allochthonous input. - 0.6 
Vegetation Index = ...>,


2 (% shrubs) + -1.5 ..... 

0.4(% grasses) + (% trees)	 --.a 
ro+	 0 (% bareground). ... 
~ 0.2 

(For streams S 50 m wide)	 V'l 

0.0 

R (V 12)	 Average percent rooted 1.0 
vegetation and stable(Optional) rocky ground cover along 0.8 xthe streambank during the Ql 

"'0summer (erosion control).	 c: ...... 

•	 
0.6 

...>,

..... 0.4 .a ...ro

--~ 0.2 
V'l 

0.0 

R,L (V 1])	 Annual maximal or 
minimal pH. Use the 
measurement with the 
lowest SI. 

For lacustrine habitats, 
measure pH in the zone 
of the best combination 
of dissolved oxygen and 
temperature. 

A = General 
B= Lahontan Basin 

I 

% 

I 

75 150 225 300 

25 50 75 100 

% 

x 
Ql 
"'0 
c: ...... 
>,....,.... ..... O..,.... 
.a 
ro 
+-'.,.... 
~ 

V'l 

O. 
5 6 7 8 9 10 

pH
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R (V u ) Average annual base 
flow regime during the 
late summer or winter 
low flow period as a 
percentage of the 
average annual daily 
flow. 

)( 
QJ 
~ 
c: 

>, ......~ ,.... ..... 

1.0 

0.8 

0.6 

0.4 
~ 
~ ......... 
::::5 

I/) 
0.2 

0.0 
25 50 75 100 

% 

R	 Pool class rating during 1. 0 -r----,--------, 
the late growing season 
low flow period. The 

)( 0.8rating is based on	 the QJ 

% of	 the area containing "0
c: 

pools of 3 classes	 as - 0.6 
described below.	 1:;' 

A)	 ~ 30% of the area ~ 0.4 
rois comprised of ..... 

1st-class pools. .; 0.2 
B) ~ 10%-< 30% 1st I/) 

class pools or 0.0 ...&-__....._-~--...,.j 

~ 50% 2nd-class 
A B Cpools. 

C)	 < 10% 1st-class
 
pools and < 50%
 
2nd-class pools.
 

(See pool class des

criptions below)
 

A)	 First-class pool: Large and deep. Pool depth and size are suffi 

cient to provide a low velocity resting area for several adult
 
trout. More than 30% of the poo 1 bottom is obscure due to depth.
 
surface turbulence, or the presence of structures; e.g .• logs,
 
debris piles, boulders, or overhanging banks and vegetation. Or,
 
the greatest pool depth i s ~ 1.5 m in streams sSm wide or ~ 2 m
 
deep in streams> 5 mwide.
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• B) Second-class pool: 
are sufficient to 

Moderate 
provide a 

size 
low 

and depth. Pool 
velocity resting 

depth and siz.e 
area for a few 

adult trout. From 5 to 30% of the bottom is obscure due to surface 
turbulence, depth, or the presence of structures. Typical second 
class pools are large eddies behind boulders and low velocity, 
moderately deep areas beneath overhanging banks and vegetation. 

C) Third-class pool: Small or shallow or both. Pool depth and siz.e 
are sufficient to provide a low velocity resting area for one to 
very few adult trout. Cover, if present, is in the form of shade, 
surface turbulence, or very limited structure. Typical third-class 
pools are wide, shallow pool areas of streams or small eddies behind 
boulders. Virtually the entire bottom area is discernable. 

R Percent fines « 3 mm) 
in riffle-run and in 

1.0 

spawning areas 
average summer 

during 
flows. x 

QJ 
0.8 

A :: Spawning
B :: Riffle-run 

'0 
s:: 
:, 0.6 
.j,j 
..

• 
.0 
<'C 
.j,j 

~ 
V") 

0.4 

0.2 

0.0 
lS 30 45 60 

01 
/0 

R (V 17)	 Percent of stream area 1 .0 
shaded between 1000 and(Optional) 1400 hrs (for streams 

x b.8S 50 m wide). Do not (1j 

"'t:luse on cold «18°C), s:: 
unproductive streams. -

>, 
0.6 

-+-I 
.. -.,.. 0.4 
.0 
<'C 
.j,j 
..
~ 0.2 

V") 

0.0 I I 

25 50 7S lod 
Of 
10 

•	 lS6 



B)	 Second-class pool: Moderate size and depth. Pool depth and size 
are sufficient to provide a low velocity resting area for a few 
adult trout. From 5 to 30% of the bottom is obscure due to surface •
turbulence, depth, or the presence of structures. Typical second 
class pools are large eddies behind boulders and low velocity, 
moderately deep areas beneath overhanging banks and vegetation. 

C) Third-class pool: Small or shallow or both. Pool depth and size 
are sufficient to provide a low velocity resting area for one to 
very few adult trout. Cover. if present, is in the form of shade, 
surface turbulence, or very limited structure. Typical third-class 
pools are wide, shallow pool areas of streams or small eddies behind 
boulders. Virtually the entire bottom area is discernable. 

R Percent fines 
in riffle-run 

« 3 mm) 
and in 

1.0 

spawning areas 
average summer 

during 
flows. x 

<11 
0.8 

~ 

A =Spawning 
B= Riffle-run 
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..... ..... 
:0 0.4 
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R (V 17) Percent of stream area 

(Optional) shaded between 1000 and 
1400 hrs (for streams 
S 50 m wide). Do not x 

<11 

use on cold «18°C), ~ 
l:: 

unproductive streams. ->, 
+..l 

..... ..... 

..0 
11:1 

+..l ...... 
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O. 0-+--~---:-I--,.......-~ 

• 
b.8 

0.6 
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• Riverine Model 

This model uses a life stage approach with five components: adult; 
juvenile; fry; embryo; and other. 

Case 1: where V, is> (V 10 x V
1s 

)112
 

CA = [V~ x V, (V 10 X V15 )1/2] 1/3
 

Case 2: where V, 1s ~ (V LD X Vl!i) 1/2
 

x V )1I2]1/2
CA -- [VI> (V 10 1s 

If V~ or (ViA x V15 )1/2 is ~ 0.4 in either equation, then CA = the lowest 

variable score. 

• CJ variables: V.; VLD ; and ViS 

CJ =-----=-3-- 

or, if any variable is ~ 0.4, then C = the lowest variable score.J 

or, if ViA or (V, x V16 )1/2 is S 0.4, then CF = the lowest variable score. 
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•
 
Steps: 

A.	 A potential spawning site is an ~ 0.5 m2 area of gravel, 0.3-8.0 cm in 
size, covered by flowing water ~ 15 cm deep. At each spawning site 
sampled, record: 

1.	 The average water velocity over the site; 
2.	 The average size of all gravel 0.3-8.0 cm; 
3.	 The percentage of fines < 0.3 cm in the gravel; and 
4.	 The total area in m2 of each site. 

B.	 Derive a spawning site suitability index (V ) for each site by combining 
Vs , V7 , and V16 values for each site. s

C.	 Derive a weighted average (lis) for all sites included in the sample . 

Select the best V scores until all sites are included, or until s
 
a total spawning area equal to, but not exceeding, 5% of the total
 •cutthroat trout habitat has been included, whichever comes first. 

n
V I A. V . s = i=1 1 S1 

/0.05 (output cannot> 1.0)total habitat area 

where Ai = the area of each spawning site in m2 , but L A. cannot 
exceed 5% of the total cutthroat habitat. 1 

V •	 = the individual SII S from the best spawning areas 
Sl	 until all spawning sites have been included or until 

SI·s from an area equal to 5% of the total cutthroat 
habitat being evaluated has been included, whichever 
occurs first. 

D.	 Derive CE 

CE = the lowest score of V2 , V1 , or lis 
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V )1/2 Vx 16 + 11 

2 

where N = the number of variables within the parentheses. Note 
that variables VIZ and V17 are optional and, therefore, 

can be omitted. 

HSI determination. HSI's can be derived for a single life stage, a 
combination of two or more life stages, or all life stages combined. In all 
cases, except for the embryo component (C E), an HSI is obtained by combining 

one or more· life stage component scores with the other component (CO) score. 

1.	 Average Value Method. Components: CA, CJ , CF, CE, and Co 

•	 
HSI = (CA x CJ x CF x CE x CO) liN 

or, if CA is :s: 0.4, -then HSI = CA' 

where N = the number of components in the equation. 

Solve the equation for the number of components to be included in the 
evaluation. There will be a minimum of two, one or more life stage 
components and the component (CO), unless only the embryo life stage 

(C E)	 is being evaluated; then HSI =CEo 

2.	 Average Value Probability Method. This method also uses a life stage 
approach with five components: adult (CA); juvenile (CJ ); fry (C F); 

embryo (C E); and other (CO), However, the Co component is divided into 

two subcomponents} food (COF ) and water quality (C OQ ). It is assumed 

that the COF subcomponent can either increase or decrease the suitability 

of the habitat by its effect on growth at each life stage except embryo, 
but the subcomponent is either neutral or can decrease the habitatCOQ
 
sui tabi 1ity.
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Components and subcomponents: CA; C ; CF; C ; COF ; andJ E COQ •
Steps: 

A. Calculate the subcomponents COF and COQ of Co 

(V 9 x Vi &)1/2 + Vii 
COF = 2 

or, if any variable is ~ 0.4, then COQ = the value of the lowest 
variable. 

B.	 Calculate the HSI by either the noncompensatory or the compensatory 
method. 

Noncompensatory method 

•
or, if CA is ~ 0.4, then HSI = CA x COQ ' 

where N = the number of components and subcomponents inside the
 
brackets.
 

If only the embryo component is being evaluated, then HSI = C x C ' E	 OQ 

Compensatory method. 

1) HSI ' = (CA x CJ x CF x C x COF) liN .E
 
or, if CA is ~ 0.4, then HSI ' = CA
 

where N = the number of components and subcomponents in the 
equation. 
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• 2) If COQ is < HSI ' , then HSI = HSI ' X [1 - (HSI ' - COQ)]; if not, 
HSI = HSI ' . 

3) If only the embryo component is being evaluated, then 
HSI = CE x (step 2 applied to CE instead o! HSI ' ). 

•
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• 
APPENDIX B
 

ALTERNATIVE RATING SYSTEMS USED FOR DETERMINING SUITABILITY
 
INDICES VALUES FOR SELECTED VARIABLES IN TESTING THE DRAFT
 

HSI MODEL FOR CUTTHROAT TROUT
 

•
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• Table B-1. Substrate for food (V~) ratings. 

Direction Rating 

1A. If the percentage of rubble and boulders 
;s greater than or equal to 50% of the 
total bottom materials . Go to 2 

lB. If the percentage of rubble and boulders 
is less than 50% of the total bottom 
materi a1s . Go to 3 

2A. If the percentage of gravel and boulders 
is greater than or equal to 25% of the 
total bottom materials..................................... 0.6 

2B. If the percentage of gravel and boulders 
is less than 25% of the total bottom 
materials 1.0 

3A. If the percentage of gravel is greater 

• 38. 

than or equal to 50% of the total 
bottom materi a1s 

If the percentage of gravel is less than 
50% of the total bottom materials . Go to 4 

. 0.6 

4A. If the percentage of fines and boulders 
is greater than or equal to 50% of the 
total bottom materials . Go to 5 

4B. If the percentage of fines and boulders 
is less than 50% of the total bottom 
materials 0.6 

SA. If the percentage of gravel and rubble 
is greater than or equal to 25% of the 
total bottom materials 0.6 

58. If the percentage of gravel and rubble 
;s less than 25% of the total bottom 
materials.................................................. 0.3 
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Table B-2. Streamside cover rating. • 
Rating 

Platts S1 Streamside cover 

4 0.75 (tree) The dominating vegetation influencing the stream
side and/or water environment is of tree form. 

3 1.00 (brush) The dominating vegetation influencing the 
side and/or water environment is brush. 

stream

2 0.50 (grass) The dominating vegetation influencing the 
side and/or water environment is grass. 

stream

1 0.25 (exposed) Over 50% of the streambanks have no vegetation 
and the dominant material is soil, rock, bridge 
materials, culverts, mine tailings, or similar 
materials. 

• 
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• Table 8-3. Streamside stability condition analysis rating. 

Rating 

Platts SI Environmental condition 

4 1.0 Over 80% of the streambank is covered by vegetation in 
vigorous condition. If the streambanks are not dominated by 
vegetation, then the streambanks are formed by bedrock or 
large boulders. The streambank, in combination with the 
stream, provides (within the evaluation area) all of the 
following environmental needs of fish: (1) escape cover, under 
or near the banks; (2) favorable protection from predators and 
good feeding conditions; and (3) fish resting areas. The 
streambanks control the waterflow, assisting in maintaining 
a favorable width/depth ratio. (The stream has not widened by 
eroding its present banks to the point that the stream ;s 
starting to meander again within the meander banks). The 
stream and its bank function as a unit with the streambank 
buffering high water flows without significant streambank 

• 3 0.8 

erosion. 

Fifty to 80% of the streambanks are covered by vegetation, 
bedrock, boulder, or rubble. The streambank, in combination 
with the stream (within the reach), provides at least two of 
the following environmental needs of fish: (1) escape cover, 
under or near the banks; (2) favorable protection from preda
tors and good feeding conditions; or (3) fish resting areas. 
The streambanks have some control over water flows, assisting 
in keeping a good width/depth ratio. The stream and its banks 
function over most of the transect reach as a unit. The 
streambanks handle high water flows with little damage to the 
streambank. 

2 0.5 Twenty-five to SO% of the streambanks are covered by vegeta
tion, rubble, or boulder, or the streambank is dominated by 
gravel. The streambanks (within the reach), in combination 
with the stream, provide at least one of the following envi
ronmental needs for fish: (1) escape cover; (2) favorable 
protec~ion from predators and good feeding conditions; or 
(3) resting areas. The streambanks have some control over 
water flow, assisting in maintaining a fair width/depth ratio. 
The stream and its banks function as a unit over some of the 
reach at low flows. The streambank has some buffer ability to 
lessen damage from high water flows. 
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Table B-3. (concluded) • 
Rating 

Platts 5I Environmental condition 

1	 0.3 less than 25% of the streambank is covered by vegetation, bed
rock, boulder, or rubble. The streambank is composed mainly 
of soil and, in combination with the stream, provides no 
significant amount of the f01lowing environmental needs of 
fish: (1) escape cover; (2) favorable protection from preda
tors and good conditions for feeding; or (3) resting areas. 
The streambank has little or no control over water flows. The 
stream and its bank do not function as a unit over much of the 
transect reach during low flow conditions. The streambank is 
usually damaged by high water f1ows. 

•
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•	 Table 8-4. Key to pool quality rating. 

Rating 

Direction Platts SI 

lA If the maximum pool diameter exceeds 
the average stream width Go to 2 

IB If the maximum pool diameter is less 
than the average stream width Go to 3 

Ie If the maximum pool diameter is about 
equal to the average stream width ..... Go to 4 

2A If the pool is over 3. ft deep or the pool is 
over 2 ft deep and has abundant fish cover Rate 5 (1. 0) 

2B If the pool is less than 2 ft deep or if the pool 
is between 2 and 3. ft deep and lacks f5sh cover Rate 4 (0.8) 

• 
3.A If the pool is less than 2 ft deep and pool 

cover is classified as exposed 

If the pool is over 2 ft deep with 
i ntermedi ate or better cover 

Rate 1 

Rate 3 

(0.2) 

(0.6) 

3B If the pool is less than 2 ft deep but pool 
for fi sh is i ntermedi ate or better 

cover 
Rate 2 (0.4) 

4A If the pool is less than 2 ft deep Go to 5 

4B If the pool is more than 2 ft deep Go to 2 

SA If the pool has intermediate to abundant cover .......... ,. .. Rate 3. (0.6) 

5B If the pool has exposed cover conditions .............................. Rate 2 (0.4) 

(1)	 If cover is rated ~undant, more than half of the pool perimeter has fish 
cover. 

(2)	 If cover is rated intermediate, between one-fourth and one-half of the 
pool perimeter has fish cover. 

(3)	 If there is no cover and pool is exposed, less than one-fourth of the 
pool perimeter has fish cover . 
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Table 8-5. Embeddedness rating for channel substrate materials 
(gravel, rubble, and boulder). • 

Rating 

-Platts 51 Environmental description 

5 1.0 The gravel, rubble, and boulder particles have less than 5% 
of their perimeter (surface) covered by fine sediment, and 
fine sediment makes up less than 10% of the channel substrate. 

4 0.5 The gravel, rubble, and boulder particles have between 5 and 
25% of their perimeter (surface) covered by fine sediment, and 
fine sediment makes up less than 25% of the channel substrate. 

3 0.3 The gravel, rubble, and boulder particles have between 25 and 
50% of their perimeter (surface) covered by fine sediment or 
fine sediment makes up 25 to 50% of the channel materials. 

2 

1 

0.1 

0.0 

The gravel, rUbble, and boulder particles have between 50 and 
75% of their perimeter (surface) covered by fine sediment or 
fine sediment makes up 50 to 75% of the channel materials. 

The gravel, rUbble: and boulder particles have over 75% of 
their perimeter (surface) covered by fine sediment or the fine 
sediment makes up over 75% of the channel materials. • 
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• 
APPENDIX C 

DATA SETS USED IN TESTING THE RIVERINE 
CUTTHROAT TROUT HSI MODEL 

•
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Table C-1. Big Creek data sets. 

Site 1 Site 2 Site 3 
1279 1980 1919 1280 1919 1980 

Variable Units V Data SI Da ta S I Data S I Da ta S I Data S I Da ta S I 

Tempe ra tu re °C 20 0.1 20 0.1 20 0.1 20 0.1 20 0.1 20 0.1 

Temperature °C 2 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 

Dissolved 0 mg/I 3 5.lJ 0.5 5.4 0.5 5.lJ 0.5 5.4 0.5 5.lJ 0.5 5.4 0.5 

Depth em lJ 16 0.5 18 0.6 21 0.9 30 1.0 20 0.1 21 0.1 

Va/oeity em/s 5 0.8 0.8 0.8 0.8 0.8 0.8 

Cover % 6A 11 0.6 11 0.6 35 1.0 113 1.0 lJ1 1.0 26 1.0 

....... Covcr % 6J 11 0.8 11 0.8 35 1.0 113 1.0 111 1.0 26 1.0 

...... 
a Subs t ra te 1 1.0 1.0 1.0 1.0 1.0 1.0 

Subs t ra te % 8 2.0 0.2 6.9 0.1 24.5 1.0 39.1 1.0 0.1 0.1 o 0.1 

Sllbstrate Class 9 B 0.6 B 0.6 B 0.6 B 0.6 B 0.6 B 0.6 

Pools % 10 22 0.8 56 1.0 58 1.0 85 0.1 38 0.9 11 0.8 

Ve9ctatlve cover Class 11 1.9 0.5 1.4 0.3 2.1 0.6 2.1 0.6 1.8 0.11 1.5 O.lJ 

Bank stabi Ii ty Class 12 1.1 0.4 1.6 0.4 3.lJ 0.9 3.2 0.9 2.0 0.5 1.1 O.lJ 

pI-! 13 8 1.0 8 1.0 8 1.0 8 1.0 8 1.0 8 1.0 

POo let ass Class 15 1.6 0.3 3.1 0.6 3.1 0.1 II. 5 0.9 3. 1 0.6 3.9 0.8 

Embeddodness C I ass 16 2.9 0.3 3.3 0.3 2.2 0.1 2.3 0.1 2.2 0.1 3.0 0.3 

Biomass (g/m 0.9 2.1 1.2 0.9 1.6 0.2 

•
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Table C-2. Angus Creek data sets. 

Site 1 Site 2 Site 3 SI te 5 
1976 1978 l.21L ~ l2lL.. 1918 !.2l.L- 197 8 

Variable Units V Data S I DB ta S I Oa ta S I Da ta S I Oa ta S I Oa tl S I Da ta SI Da tB S I 

Tempe ra ture °C 1.0 1.0 1.0 1.0 1.0 1.0 0.3 0.3 

Temperature °C 2 1.0 1.0 , 1. 0 1.0 1.0 1.0 0.3 0.3 

Dissolved 0 mg/I 3 12 1.0 12 1.0 12 1.0 12 1.0 12 1.0 12 1.0 12 1.0 12 1.0 

Depth cm 4 10 0.3 10 0.3 112 1.0 39 0.8 47 1.0 3CJ 1.0 32 1.0 18 0.6 

Ve loc I ty cm/s 5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Percent cover % 6A 21 0.8 24 0.8 32 1.0 18 0.8 20 0.8 11 0.6 61 1.0 31 1.0 

........., Percent cover % 6J 21 1.0 24 1.0 32 1.0 18 1.0 20 1.0 I 1 0.8 61 1.0 31 1.0 

..... Substrate 7 1.0 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0 

Substrate % 8 3.5 0.1, 2.2 0.2 1.0 0.1 0 0 0 0 0 0 59 1.0 45 1.0 

Substrate Class 9 B 0.6 B 0.6 C 0.3 C 0.3 C 0.3 C 0.3 B 0.6 B 0.6 

Percent pools % 10 76 0.8 45 1.0 96 0.5 98 0.5 100 0~5 100 0.5 63 0.9 77 0.8 

Vegetative cover Class 11 2.3 0.7 2.2 0.6 2.6 0.8 2.6 0.8 2.6 0.8 2.3 0.7 2.0 0.5 2.0 0.5 

Bank stability Class 12 3.0 0.8 4.0 1.0 3.9 1.0 4.0 1.0 3.7 1.0 4.0 1.0 2.3 0.6 3.7 1.0 

pH 13 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 

Pool class Class 15 3.3 0.6 2.4 0.4 5.0 1.0 3.4 0.7 4.9 1,0 2.5 0.5 3.2 0.6 2.1 0.11 

Embeddedness Class 16 2.5 0.2 2.6 0.2 1.2 0.1 1.0 0.1 1.0 0.1 1.1 0.1 4.2 0.5 2.8 0.3 

BJomass Ig/m 8.1 3,11 3.6 7.5 1.3 4.9 0.6 
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Table C-3. Otter Creek data sets. 

Site 1 Site 2 Site 3 
1979 1980 1979 1980 1979 1980 

Variable Un r ts V Data 51 Data SI Data 51 Data SI Da ta SI Data SI 

Tempe ra tu re °C 1 19 0.7 19 0.7 19 0.7 19 0.7 19 0.7 19 0.7 

Tempe ra tu re °C 2 19 0.1 19 0.1 19 0.1 19 0.1 19 0.1 19 0.1 

Dissolved 0 mgll 3 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 

Depth cm II 22 0.8 27 0.9 24 0.8 113 0.9 28 0.9 46 1.0 

Ve toc I ty cm/s 5 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 

Cover % 6A 71 1.0 24 1.0 70 1.0 63 1.0 87 1.0 81 1.0 

Cover % 6J 71 1.0 24 1.0 70 1.0 63 1.0 87 1.0 81 1.0 
...... 
-.I 
N	 Subs t ra te 7 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 

Subs t ra te % 8 1.8 0.2 0.3 O. 1 211. 3 1.0 30.2 1.0 9.6 1.0 13.1 1.0 

Subs t ra te CIlIss 9 B 0.6 B 0.6 B 0.6 B 0.6 B 0.6 B 0.6 

Percent pools % 10 53 1.0 66 1.0 62 0.9 70 0.9 90 0.7 98 0.5 

Vegetative cover Class 11 1.6 0.4 2.0 0.5 1.9 0.5 2.0 0.5 1.9 0.5 2.0 0.5 

Bank stab I I I ty Cia ss 12 2.9 0.8 2.9 0.8 3.4 0.9 3.4 0.9 3.3 0.9 3.5 0.9 

pH 13 8.7 0.7 8.7 0.7 8.7 0.7 8.7 0.7 8.7 0.7 8.7 0.7 

POD I c Iass Class 15 3.7 0.7 3.8 0.7 4.2 0.8 II. 6 0.9 II. 9 1.0 5.0 1.0 

Embeddedness C III ss 16 2.9 0.3 3. 1 0.3 2.9 0.3 3.2 0.3 1.8 0.1 1.5 0.1 

Biomass (9/m )	 1.8 0.6 1.0 1.7 1.8 1.0 

•
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Table C-4. Blackfoot River data sets. 

Variable unl ts V 
1976 

Data 

51 te 6 
1978 

51 Oata 51 
1976 

Data 

Site 7 
1978 

51 Data 51 

Temperature 

Temperature 
, ()C 

DC 

1 

2 

-
-

1.0 

1.0 

-
-

1.0 

1.0 

-
-

1.0 

1.0 

-
-

1.0 

1.0 

Dissolved 0 mg/I 3 12 1.0 12 1.0 12 1.0 12 1.0 

Depth 

Velocity 

Cfll 

cm/s 

Il 

5 

31l 

-
0.7 

0.8 

37 

-
0.8 

0.8 

119 

-
1.0 

0.8 

51l 

-
1.0 

0.8 

Porcent cover % 6A 25 1.0 25 1.0 25 1.0 25 1.0 

>-4 
'-l 
w 

Percent cover 

Subs t ra te 

% 6J 

7 

25 

-
1.0 

0.5 

25 

-
1.0 

0.5 

25 

-
1.0 

0.5 

25 

-
1.0 

0.5 

Substrate " 8 71 ,1.0 15 1.0 22 1.0 6 0.6 

Substra te Class 9 B 0.6 B 0.6 B 0.6 B 0.6 

Percent pools % 10 15 0.5 20 0.8 8 0.3 27 0.8 

Vogetatlve cover Class 11 1.9 0.5 2.0 0.5 2.0 0.5 2.0 0.5 

Bank stabll ity Class 12 3.8 1.0 3.1j 0.9 3.9 1.0 3.1 0.9 

pli 13 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 

Poo I class Class 15 1l.3 0.8 1.3 0.2 1l.9 1.0 2.0 0. 11 

Embeddedness Class 16 3.0 0.3 2.1l 0.2 3. 1 0.3 2.8 0.3 

Blollla:;s (9/m ) 0.07 0.06 
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Table C-5. Diamond Creek data sets. 

Site 8 ___.i!.k-2. ~_. __ __.2.i!g.J.9__ 2J..te J! SHe J2 Site l3 

~.L ~ _J976___ --l2l8_ --!2L6__ _I~~6_ _ _lli~_ ~&-_ ----.!ill _nL6__ .----!-978_ 
Variable tin I ts V nata SI Oata SI Data SI Oata SI Data SI Data SI Data SI Data SI Oata SI Data SI Data SI 
-----------~~-~------- ._

Tempera ture °c 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 21 0:7 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 

lelilperature °c 2 0.5  0.5  0.5  0.5  0.5 - 0.5  0.5  0.5  0.5 - 0.5 - 0.5 

Olssolved O2 ffig/l 3 12 I. 0 12 1. 0 12 l. 0 12 1. 0 12 1.0 12 1. 0 12 1.0 12 1. 0 12 1.0 12 1.0 12 1.0 

Depth CIII ~ 13 0.4 16 0.5 11 0.5 16 0.5 17 0.6 20 0.7 42 1.0 30 0.5 30 0.5 43 o.a 35 0.7 

Velocity clllls 5 1.0  1.0 - I. 0 - 1. 0 - 1. 0 - 1.0  1.0  1. 0  1.0 - 1.0 - 1.0 

P~rcent cover % 6/\ 27 1.0 10 0.6 30 1.0 20 0.9 26 1.0 15 0.7 12 0.6 9 0.5 8 0.5 10 0.6 5 0.4 

Percent cover % 6J 27 1.0 10 0.8 3D 1.0 20 . 1.0 26 1. 0 15 1.0 12 0.9 9 0.8 8 0.7 10 0.0 5 0.5 

..... Substrate 1.0  1.0  1.0  I. 0  1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 
~ '" Suhstrate % 8 36 1.0 10 1. 0 5 O. 5 ~ 0.4 12 1.0 0.2 0.1 1.0 0.1 50 I. 0 4 0.4 16 1.0 3 0.3 

Substrate Class 9 B 0.6 0 0.6 R 0.6 IJ 0.6 a 0.6 0 0.6 C 0.3 /I I./) 8 0.6 B 0.6 B O.fi 

Percent pools % 10 57 1.0 56 1.0 77 0.1l 02 0.7 75 0.7 72 /).6 9~ 0.5 58 1.0 56 1.0 96 0,5 64 0.9 

VelJet.~Uve 

cover Class II 2.3 0.7 2.7 0.9 2.7 0.6 3.0 1.0 2.6 0.6 2.8 0.9 2.9 1.0 2.3 0.7 2.8 0.9 2.2 0.6 2.6 0.8 

Oank 
stahllity Class 12 3.7 1.0 2.7 0.7 3.6 1.0 2.0 0.8 3.0 0.8 2.6 0.7 3.4 0.9 3,6 1.0 2.8 0.8 3.7 1.0 3.3 0.9 

plf 13 7.5 1.0 7.5 \.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 \.0 7.5 1.0 7.5 1.0 7.5 1.0 7.5 1.0 

Pool class Class 15 2.9 0.6 2.2 O.~ 3.0 0.6 2.8 0.6 3.1 0.6 2.3 0.5 4.5 0.9 3.4 0.7 2.4 0.5 4.4 0.9 2.2 0.4 

[l:llmcldedness Class 16 3.0 0.3 3.6 O.~ 3.2 0.32.7 0.22.7 0.22.3 0.11.6 0.13.2 0.33.0 0.32.30.23.00.3 
__ • __~ .¥ __" ._~_.W ._~ ~ ~ __._. . . v • ~•••• • •• - 

II j Oilla s s (9/m~) 2. I 2.2 ~.O 0.0 0.2 2.8 3.2 2.8 1.4 
_~ __~ ••• __ ~ • _, • ~w ~ • " _ 

~._~----- -" - - ~----- _ .. _---_.. -- ~ -- --_._------> 

•
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Table C-6. Gance Creek data sets. 

Site 1 Site 2 SI te 3 
1976 _'.2.1.2...- ----.1.2M 1916 1972 _ 1980 1978 ------l.21.2 1980 

Va r lable Units V Data 51 Da ta S I Da ta S I Data S I Data SI Oata SI Data 51 Oata SI Oata S I 

Temperature °C 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 21 0.7 

Temperature °C 2 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 16 0.5 

Dissolved 0 mg/l 3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Depth cm II 6 0.1 7 0.1 7 0.1 7 0.1 7 0.1 8 0.2 5 0.1 6 0.1 6 0.1 

Velocity cmls 5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Percent cover % 6A 19 0.8 16 0.8 10 0.6 19 0.8 20 0.8 17 0.8 25 1.0 19 0.8 13 0.6 

Porcent cover % 6J 19 1.0 16 1.010 0.8 19 1. 0 20 1.0 17 1.0 25 1. 0 19 1. 0 13 0.8 ..... 
'-.! 
c..n Substrate 7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Substrate ~ 8 5 0.5 16 1.0 12 1.0 9 0.9 30 1. 0 22 1.0 5 0.5 11 1.0 7 0.7 

Substrate Class 9 B 0.6 B 0.6 il 0.6 B 0.6 B 0.6 13 0.6 B 0.6 B 0.6 il 0.6 

Percent pools % 10 31 0.9 26 0.8 57 1.0 22 0.8 21 0.8 52 1.0 29 0.8 25 0.8 1j7 1.0 

Vegetative 
cover Class 11 2.7 0.9 3.0 1.0 1.9 0.5 2.1j 0.7 2.5 0.8 1.9 0.5 2.7 0.9 2.5 0.8 1.8 0.5 

Bank stabiljty Class 12 1. 3 0.3 1.9 0.5 2.2 0.6 1.1j 0.4 1.6 0.4 2.3 0.6 2.2 0.6 1.6 0.4 2.2 0.6 

pH 13 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Poo I c Ia ss Class 15 1.9 0.4 1.6 0.3 2.5 0.5 1. 9 0.1j 1.8 0.1j 2.6 0.5 1.6 0.3 1.7 0.3 2.2 0.1j 

Embeddedness CIass 16 3.1 0.3 3.5 0.1j 2.1 0.1 3.. 6 0.1j 1j.0 0.5 2.7 3.0 3.8 0.5 1j.2 0.5 3.1 0.3 

Biomass 191m 3.3 -1.6 10.6 6.5 1j.2 11.9 2.8 2.3 9.8 
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Table C-7. Tabor Creek data sets. 

Site 1 Si te 2 Si te 3 
1979 1980 1979 1980' 1979 1980 

Variable Units V Da ta SI Data SI Data SI Data SI Da ta SI Data SI 

Temperatura °C 1 14 1.0 14 1.0 111 1.0 111 1.0 111 1.0 14 1.0 

Tempor.<ltua °C 2 11J 1.0 11J 1.0 111 1.0 llJ 1.0 11J 1.0 11J 1.0 

DIssolved 0 my/I 3 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 

Depth ern I. 10 0.3 10 0.3 13 0.4 13 0.11 11 0.3 11 0.3 

Va loc i ty cm/s 5 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 

Pa rcen t co.lla r % 6A 8 0.4 6 O.IJ 25 l.D 21 0.8 15 0.8 9 O.IJ 

Percent caller % 6J 8 0.8 6 0.6 25 1.0 21 1.0 15 1.0 9 0.8 
~ 

-....,J 
0'\	 Substrate 7 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - 1.0 

Subst ra te % 8 36 1.0 50 1.0 32 1.0 36 1.0 30 1.0 33 1.0 

Substrata Class 9 B 0.6 B 0.6 B 0.6 B 0.6 £3 0.6 B 0.6 

Pcrcont pools % 10 19 0.5 211 0.8 21 0.8 37 0.9 15 0.5 37 0.9 

Vegcta t ilia COIIO r Class 11 2.0 0.5 1.9 0.5 2.0 0.5 2.0 0.5 2.1 0.6 1.9 0.5 

Bank stab iii ty Class 12 1.7 O.IJ 2.2 0.6 2.3 0.6 2.5 0.7 1.9 O.~ 2.5 0.7 

pit 13 8.1 1.0 8.1 . 1. 0 8. 1 1.0 8.1 1.0 8.1 1.0 8.1 1.0 

POD I c Iass Class 15 1.3 0.3 1.5 0.3 1.8 0.4 2.0 0. 11 1.4 0.3 2.0 0.4 

Embeddednass Cia ss 16 3.3 O.IJ 3.5 O.IJ 2.8 0.3 3.2 0.3 3.7 O.IJ 3.5 0.4 

Biomass (g/m )	 1.9 0.9 4.8 1.5 5.6 111.6 

•
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APPENDIX D 

LIFE STAGE COMPONENT 51'S AND SPECIES HSI'S 
CALCULATED WITH THE CUTTHROAT TROUT MODEL 

•
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Tab 1e O-l. Life stage component S1l s and species HS1's •calculated with the cutthroat trout model. 

Angus Creek 

Site 1 
1976 1978 

Site 2 
1976 1978 

Site 3 
1976 1978 

Site 5 
1976 1978 

Adult S1 0.55 0.53 0.84 0.72 0.84 0.67 0.90 0.70 

Juvenile S1 0.80 0.40 0.83 0.73 0.83 0.60 0.83 0.73 

Fry S1 0.20 0.20 0.10 0.10 0.10 0.10 0.80 0.30 

Embryo S1 0.58 0.58 0.58 0.58 0.58 0.58 0.50 0.50 

Other S1 0.70 0.69 0.70 0.70 0.70 0.66 0.68 0.68 

HS1-1 0.20 0.20 0.10 0.10 0.10 0.10 0.73 0.30 

HS1-2 0.20 0.20 0.10 0.10 0.10 0.10 0.48 0.30 

HS1-3 0.20 0.20 0.10 0.10 

Blackfoot River 

0.10 0.10 0.69 0.30 • 
Site 6 Site 7 

1976 1978 1976 1978 

Adult 51 0.76 0.68 0.74 0.83 

Juvenile S1 0.77 0.67 0.77 0.73 

Fry SI 0.52 0.60 0.41 0,58 

Embryo S1 0.62 0.54 0.62 0,62 

Other S1 0.68 0.41 0.68 0.68 

H51-1 0.66 0.57 0.63 0.68 

HS1-2 0.61 0.57 0.58 0.63 

HS1-3 0.61 0.57 0.58 0.63 
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• Table D-l. (continued) 

Diamond Creek 

Site 8 Site 9 Site 10 Site 11 Site 12 SHe 13 
1976 1978 1976 1978 1976 1978 1976 1976 1978 1976 1978 

Adult 51 0.68 0.57 0.70 0.66 0.75 0.68 0.82 0.65 0.59 0.78 0.65 

Juvenile 51 0.87 0.73 0.80 0.73 0.80 0.77 0.77 0.83 0.73 0.73 0.60 

Fry SI 0.74 0.80 0.39 0.28 0.60 0.10 0.10 0.74 0.35 0.47 0.30 

Embryo SI 0.67 0.74 0.67 0.58 0.58 0.46 0.46 0.67 0.67 0.58 0.67 

. Other SI 0.70 0.72 0.76 0.75 0.69 0.68 0.71 0.74 0.74 0.64 0.72 

HSI-1 0.73 0.71 0.39 0.28 0.68 0.10 0.10 0.72 0.35 0.63 0.30 

H51-2 0.59 0.59 0.39 0.28 0.55 0.10 0.10 0.59 0.35 0.44 0.30 

HSI-3 0.70 0.70 0.39 0.28 0.65 0.10 0.10 0.70 0.35 0.52 0.30 

• Tabor Creek 

Site 1 
1979 1980 

Site 2 
1979 1980 

5ite 3 
1979 1980 

Adult S1 0.30 0.30 0.40 0.40 0.30 0.30 

Juvenile 51 0.53 0.57 0.73 0.77 0.60 0.70 

Fry SI 0.56 0.71 0.66 0.70 0.56 0.75 

Embryo 51 0.74 0.74 0.67 0.67 0.74 0.74 

Other 51 0.63 0.66 0.64 0.65 0.64 0.67 

HS1-1 0.30 0.30 0.40 0.40 0.30 0.30 

H51-2 0.30 0.30 0.40 0.40 0.30 0.30 

H51-3 0.30 0.30 0.40 0.40 0.30 0.30 
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Table O-l. (continued) 

Gance Creek 
• 

Site 1 Site 2 Site 3 
1978 1979 1980 1978 1979 1980 1978 1979 1980 

Adult SI 0.36 0.34 0.35 0.36 0.36 0.48 0.37 0.34 0.34 

Juvenil e SI 0.77 0.73 0.63 0.73 0.73 0.83 0.70 0.70 0.73 

Fry SI 0.39 0.71 0.32 0.69 0.75 0.74 0.63 0.75 0.68 

Embryo SI 0.50 0.50 0.37 0.50 0.50 0.50 0.50 0.50 0.50 

Other SI 0.67 0.76 0.72 0.66 0.67 0.61 0.76 0.70 0.61 

HSI-1 0.36 0.34 0.32 0.36 0.36 0.62 0.37 0.34 0.34 

HSI-2 0.36 0.34 0.32 0.36 0.36 0.52 0.37 0.34 0.34 

HSI-3 0.36 0.34 0.32 0.36 0.36 0.58 0.37 0.34 0.34 

Otter Creek •
 
Site 1 Site 2 Site 3 

1979 1980 1979 1980 1979 1980 

Adult SI 0.87 0.85 0.88 0.90 0.82 0.84 

Juvenile SI 0.90 0.87 0.90 0.83 0.90 0.83 

Fry SI 0.24 0.17 0.70 0.70 0.32 0.32 

Embryo SI 0.10 0.10 0.10 0.10 0.10 0.10 

Other SI 0.58 0.62 0.63 0.63 0.56 0.56 

HSI-1 0.10 0.10 0.10 0.10 0.10 0.10 

HSI-2 0.10 0.10 0.10 0.10 0.10 0.10 

HSI-3 0.10 0.10 0.10 0.10 0.10 0.10 
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• Table O-l. (concluded) 

Big Creek 

Site 1 Site 2 Site 3 
1979 1980 1979 1980 1979 1980 

Adult SI 

Juvenil e S1 

Fry SI 

Embryo SI 

Other SI 

HS1-1 

HSI-2 

HSI-3 

• 

0.53 0.68 0.91 0.93 0.90 0.82 

0.63 0.80 0.90 0.87 0.83 0.87 

0.24 0.68 0.32 0.32 0.10 0.17 

0.50 0.50 0.41 0.41 0.41 0.50 

0.53 0.47 0.56 0.56 0.46 0.50 

0.24 0.61 0.32 0.32 0.10 0.17 

0.24 0.36 0.32 0.32 0.10 0.17 

0.24 0.36 0.32 0.32 0.10 0.17 
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ANALYSIS AND	 REFINEMENT OF HABITAT SUITABILITY INDEX MODELS 

FOR EIGHT WARM WATER FISH SPECIES 

by 

William G. Layher 
Kansas Fish and Game 

Box 54A 
Rural Route 2 

Pratt, KS 67124 

and 

O. Eugene Maughan 
Oklahoma Cooperative Fishery Research Unit 

Oklahoma	 State University 
Stillwater, OK 74078 

INTRODUCTI ON 

Water scarcities often result in confl icts between resource development •
and habitat protection (U.S. Fish and Wildlife Service 1979). Public concern 
over this conflict resulted in a legislative mandate for the development of a 
quantitative method of determining the habitat requirements of important fish 
and wildlife species. In response to this charge, habitat suitability index 
(HSI) models, based on the assumption that a relationship exists between 
various physical and chemical parameters of streams and carrying capacity, are 
currently being developed by the U.S. Fish and Wildlife Service for use with 
the Habitat Evaluation Procedures (HEP) (U.S. Fish and Wildlife Service 1980). 
If these models prove accurate, a biologist will be able to sample physical 
factors and predict the changes in carrying capacity that would occur with any 
proposed environmental alteration. 

The HSI models tested in this study were based on aggregated suitability 
indices (SIl s ) derived from draft suitability index curves that were provided 
by the U.S. Fish and Wildlife Service's Western Energy and Land Use Team. 
These draft SI curves were based on i nformat i on from the 1iterature. Most 
recently, some authors have measured biomass-habitat relationships in the 
field and developed curves based on these data (Jones and Maughan 1980; Orth 
and Maughan 1980). However, many of the HSl models published by the U.S. Fish 
and Wildlife Service (Schamberger et al. 1982) are based on literature
developed S1 curves and have not been field tested. The assumptions made in 
the tested HSI models seem reasonable and are supported in the ecological 
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literature. However, the fact remains that the model assumptions require 
testing and verification. Testing these assumptions was the goal of this 
study. 

Specific objectives of the study were to: (1) evaluate relationships 
between standing crops of selected fish species and selected physical and 
chemical variables in prairie streams; (2) evaluate the relationship between 
species Habitat Suitability Indices (as calculated by selected models) and 
fish standing crops 1n prairie streams; (3) attempt to improve the predictive 
capabilities of the models for estimating standing crops of various fish 
species, based on physical and chemical variables; and (4) determine the 
general applicability of the models. 

MATERIALS AND METHODS 

The data set used in this evaluation contained information from 420 
Kansas stream sites. The data were collected primarily during the summers of 
1974 through 1977 by the Kansas Fish and Game Commission. Each site was 
sampled once. These data were originally used in the development of a tech
nical report, entitled Assessment of the Aquatic Environment in Kansas (Layher 
et al. 1978), and delivered to the Kansas Department of Health and Environment 
pursuant to section 208 of Public Law 92-500. 

Standing crop information was calculated for each fish species that 
occurred at each site sampled. The sites were classified according to percent 
poo 1, percent riffl e, and percent run combi nat ions. The cl i ma te at each site 
was classified by estimating the growing season as delineated on agricultural 
maps. Physical factors were measured at each site, including total length of 
the site, maximum stream width, minimum stream width, mean stream width, mean 
water depth, surface area of water, volume of flow, velocity, substrate type, 
gradient (from topographic maps), and water temperature. Chemical factors 
were also measured, primarily through the use of Hach DR-EL units, and included 
total dissolved solids, turbidity, total alkalinity, ca1cium hardness, 
magnesium hardness, sulfates, phosphates, nitrates, dissolved oxygen, pH, 
conductivity, and chlorides. Statistical analyses were done utilizing the 
Statistical Analyses System (SAS) (Blair et al. 1979). Not all of the vari
ables listed were measured at all sites. However, only those variables that 
were measured at all sites where the species was found were used in analysis 
of individual species data. 

Data for adults of eight fish species were used in the study: largemouth 
bass (Micropterus salmoides); spotted bass (Micropterus punctulatus); white 
crappie (Pomoxis annularis); channel catfish (Ictalurus punctatus); green 
sunfish (Lepomis cyanellus); slenderhead darter (Percina phoxocephala); orange
throat darter (Etheostoma spectabile); and central stoneroller (Campostoma 
anomalum). Literature-based SI curves had previously been developed in draft 
species completion reports for variables thought to be limiting to fish popula
tions for five of the eight species (largemouth bass, spotted bass, green 
sunfish, channel catfish, and white crappie). Using these SI curves 
(Appendix A), presented in the individual draft species completion reports, 
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Habi ta t Suitabil ity Indices were calculated for adults using the following 
formula, with each variable given equal weight en = 1 for all variables, 

x •
N = t n). 

i=l 

Suitability Indices were assigned for each species for each stream section 
sampled, based on SI curves in the draft species completion reports, A 
stepwise multiple regression analysis was used for individual species to 
determine the relationship of adult life stage HSI, calculated with the above 
equation, to standing crop. 

ALTERNA TE MODELS 

Presence-Absence Models 

Alternate HSI models for the adult life stage were developed by using a 
presence-absence test. This test originally was developed to eliminate zero 
standing crop values fro.m the data set for individual species. This approach 
was assumed to eliminate those sites where a species cannot exist from further 
analysis. Following this procedure, data were analyzed for the remaining 
sites in order to determine relationships of habitat variables to species • 
standing crop. In other words, zero standing crop values were not used in 
regression analyses to determine variables important in explaining the varia
tion in standing crop. This does not mean that zero values cannot be used in 
the development of suitability index curves. For a selected species and 
variable very little difference existed between curves that utilized zero 
standing crop values and curves that were developed without using zero values. 

We conducted t-tests to identify variables that had statistically 
different mean values where a species occurred and where it was absent. It 
was important to make the proper assumption as to whether or not the variances 
of the two groups were equal, because variables can appear to be significantly 
different under one assumption and not significantly different under the other 
assumption. SAS computes an F value to test the null hypothesis that variances 
are equal among the groups tested. The SAS system computes t-tests both ways. 
The F value and its significance are used to select the proper t-test. 
Variables that had statistically significant differences between means for the 
presence and absence groups for a given speci es were used ina di scrimi nant 
function analysis. The purpose of this analysis was to determine how 
accurately presence and absence groups could be separated on the basis of the 
physical and chemical characteristics of stream sample sites. If accurate, a 
presence-absence model could be used to predict fish occurrence. An HSI of 
1.0 would be assigned to areas where fish presence was predicted; an HSI of 
0.0 would be assigned where fish were predicted to be absent. 
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• Suitability Index Curves and Standing Crop Models 

New suitabil ity index curves were drawn for each fish species for each 
variable measured and compared with the draft curves. The procedures for 
drawi ng these curves were the same, regardl ess of the speci es. Values for 
each variable were divided into increments, and mean standing crop values 
associated with each increment were calculated. The curves were drawn through 
as many means as possible. The number of observations within each increment 
allowed an estimate of the val idity of the mean standing crop estimate for 
that increment. If the observed standing crop estimate was high at a point 
where the major portion of the data indicated a low standing crop and the 
standing crop value was based on only one or a few samples, the curve was 
drawn to reflect the majority of the data. 

The increment of a variable associated with the highest mean standing 
crop estimate was usually assigned the highest suitability index, a value of 
1.0. ,Suitability indices were assigned proportionately to the segments of the 
curve that passed through any gi ven increment of a phys i ca 1 or chemi ca 1 
variable. This procedure linearized the f(x) = standing crop equation, where 
x was one of the physical or chemical variable's. 

• 
Variable values from each observation (sample site) were assigned an 

index from the SI curves for each variable for which a curve could be drawn. 
This procedure was repeated for each of the eight species. Stepwise multiple 
regression analysis was used to identify limiting variables and to develop 
predictive equations. Results of the regression analysis were used to explain 
the variation in a species standing crop, based on suitability indices, rather 
than empirical values, for each variable. 

RESULTS 

Fish Population Sampling Techniques 

No significant r 2 values were obtained for the overall HSI models or for 
stepwise regression equations using Sl l s derived from the draft curves 
(Appendi x A). The r 2 values a 11 were 1ess than 0.14 and s i gnifi cance was 
always greater than 0.10. 

These results led to several possible conclusions: (1) the model tested 
for calculating adult life stage habitat suitability indices was invalid; 

• 

(2) the variables selected as being important to individual species were 
incorrect; (3) variables other than those measured were limiting; or (4) the 
suitability index curve's were invalid. The suitability curves were redrawn 
with the Kansas field data, using the procedure described in the alternate 
models section, in order to test these possible conclusions. In most 
instances, the new curves closely approximated the original draft curves (see 
individual species discussions).' Therefore, conclusion (4) did not seem 
related to the problem. In reference to the other three possible conclusions, 
no way was found to systematically develop weighting values that could be used 
in the geometric mean model to improve the correlation between habitat suit
ability indices for adult life stages and standing crop. (Note: The 
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individual suitability index for each variable should serve the function of • 
defining the limiting factors; therefore, computing weighting factors, n in 
the model, can be considered redundant.) Because the other two possible 
conclusions were related to the first, and because it was not possible to 
verify the 1 He stage model s and to compute 1He stage habitat suitabil ity 
indices, an alternate methodology was developed. This limitation does not 
invalidate the approach used in the tested models; it emphasizes our lack of 
understanding of the controlling factors of standing crop. For example, the 
suitability index curves for individual variables were not affected by the 
failure of the HSI equation to predict standing crop. 

Descriptive statistics for the data set are provided in Table 1. When 
regression analyses were performed on the entire data set by species, no 
significant relationships between standing crop and habitat variables were 
obtained. Mean values of individual species standing crops varied considerably 
with the type of capture method used. The Kansas stream survey data utilized 
eight different techniques to sample the fish populations: (1) seining was 
used on some sites, and the fish biomass collected was extrapolated directly 
to a kg/ha unit; (2) shocking or electrofishing was utilized on some sites; 
(3) some sites were sampled by both shocking and seining and the data were 
directly extrapolated; (4) some sites were sampled via the application of a 
fish toxicant, such as rotenone, with the direct extrapolation of fish biomass 
to a standard unit; in other instances, the fish populations were sampled with 
a mark and recapture technique; (5) a mark and recapture technique was used 
with seining done to capture and recapture the fish; (6) electrofishing was 
performed at some sites; (7) on some sites, seining was used to initially • 
capture fish, the fish were marked, and electrofishing was used to recapture 
the fish; and (8) a fish toxicant was used to recapture marked fish after an 
unspecified initial collection method. In the following discussion, the 
techniques listed above are referred to, respectively, as follows: 
(1) seining; (2) shocking; (3) seining and shocking; (4) kill; (5) mark and 
recapture seining; (6) mark and recapture shocking; (7) mark and recapture 
seining and shocking; and (8) mark and recapture kill. The data set was split 
accordi ng to the samp 1i ng method and stepwi se regressi on ana lyses rel at i ng 
environmental variables to standing crop performed. Significant results were 
obtained when the data were separated in this manner; therefore, the data and 
analysis performed for each species is presented by sample method. 

Analysis of the effect of substrate on standing crop was not included in 
any of the models because only the predominant substrate was recorded during 
sampling. This averaging effect might have resulted in substrates that were 
not utilized appearing to be important to fish in the model. 
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Table 1. Descriptive statistics for chemical and physical variables utilized from 
the Kansas Fish and Game Commission stream survey data set. 

Standard 
Standa rd Minimum Maximum e rro r of 

VarIable N Mean deviation value value the "lean Sum Va rlance C.V. 

Calcium hardness 
(ppm) 373 252.61l 158.52 0.0 1,350.0 8.2079 91l,237 .0 25,129.3206 62.71l5 

Ch lor Ide s (ppm) 395 99.66 181l.1l0 0.1 1,870.0 9.2735 39,367.3 33,969.11l86 181l.928 

Conduct Iv i ty 
(Ilmhos/cm) , 218 1,073.51 l,01l7.93 85.0 9,100.0 70.9750 231l,027.o 1,908,161l.911l4 97.617 

Dissolved oxygen
(ppm) 380 9.99 3.31 1.0 19.0 0.1700 3,798.9 10.9822 33.11l9 

Gradient (m/kml 369 1.46 loll 0.1 7.9 0.0578 539.7 1.23!l0 75.957 

Gro~lng season (days) 1l2o 178.62 11,69 82.0 194.0 0.5708 75,021.0 136.8563 6.51l9 

Maximum Width (10) !l05 11.99 12.21 0.9 125.5 0.6069 4,856.9 149.2012 101. 853 

Mean depth (10) 1120 0.1l9 0.39 0.1 1l.5 0.0193 209.6 O,151l7 79.493 
...... 
<Xl Mean width (10) 420 9.51 10.72 0.9 110.0 0.5235 3,996.5 115.1208 112.752 ...... 

Magnesium hardness 
(ppm) 371 92.71 164.18 0.0 2,530.0 8.52!l0 31l,396.0 26,956.39!l9 177.091 

Minimum Width (10) !l06 6.39 8.59 0.3 101. 1 0.!l263 2, 591t. 7 73.80611 134.424 

Nitrates (ppml 381l 7,117 7.1l0 0.0 92.4 0.3778 2,869.6 54.8227 99.081 

pH 1101 8.01 0.60 3.5 9.3 0.0300 3,211l.2 0.3631 7.518 

Phosphates (ppm)
(Ortho) 396 0.60 0.92 0.0 9.0 0.01l66 2!l0.5 0.8608 152.740 

Pool (%1 409 1l2.66 llo.24 0.0 100.0 1.9898 17 ,1l88. 0 1,619.4160 94.332 

Riffle (%) 408 9.41 16.19 0.0 100.0 0.8015 3,8113.0 262.1651l 171.901 

Runoff (I nches/yrl 1120 2.02 1. 99 0.1 10.0 0.0972 849.1 3.9682 98.535 

Run (%1 !l08 48.41 112.1l0 0.0 100.0 2.0991 19,755.0 1, 797.88011 87.572 

Su Ifa tes (ppm) 380 146. 12 159.95 0.0 1,250.0 Ii. 20~5 55,527.0 25,586.0136 109.466 

Total alkalinity
(ppm) 403 217.28 73.55 0.0 590.0 ].66112 87,567.0 5,1l11.0711 33.854 
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Table 1. (concluded) 

I-' 
(Xl 
co 

Standard 
Standa rd Minimum Maximum e rro r of 

Va r jab I e N Mean deviation value value the mean Sum Variance C.V. 

Total dIssolved 
50 lid s (p pm ) 210 498.66 527.30 22.0 4,200.0 36.3872 104,765.0 276,016. 11119 105.697 

Tota I length (m) 416 74.13 173.37 6.0 2,414.0 6.500ll 30,838.7 30,059.0561 233.875 

Turbidity (JTU) 253 41.54 75.72 0.0 560.0 4.7608 10,512.0 5,734.3596 182.254 

Velocity (m/sec) 377 0.19 O. Ii 1 0.0 5.7 0.0215 71.9 0.1755 220.126 

Vo I ume off 10.... (m 3) 377 0.90 3.21 0.0 26.3 0.1656 3111.9 10.31111 354.537 

Water temperature (OC) 405 20.86 7.07 l.0 36.0 0.351/' 8 ,ll51 . () 50.0168 33.893 
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Spotted Bass 

Presence-absence model. Not all of the variables used in the discriminant 
function analysis (Table 2) were measured at each sample site. However, the 
109 sites where complete samp 1i ng was done represented, 11 of the 16 major 
river basins in Kansas (Table 3). Sixty-six of'the sites did not contain 
spotted bass. Forty-one of the 43 sites containing spotted bass were correctly 
classified using discriminant analysis, but only 47 of the sites that did not 
contain spotted bass were correctly classified. Nine of the 19 sites 
incorrectly predicted to contain spotted bass were outside of th'e natural 
range of the species. Eight of these nine locations were in the Kansas River 
Basin, which historically has not contained a population of spotted bass 
(Cross 1967). 

Recently natural ized populations of spotted bass have been reported at 
some stream locations within the Kansas River Basin (lciyher et al. 1978). 
These recent successful introductions indicate that the basin does provide the 
necessary habitat requirements for spotted bass. The remaining site where the 
model predicted bass but they were absent appears to represent an isolated 
pocket of suitable habitat in the western reaches of the lower Arkansas River 
Basin (Fig. 1). This pocket may not be available naturally to spotted bass 
because of its distance from areas where spotted bass currently occur. 

The remaining 10 sites where the presence of spotted bass was incorrectly 
predicted are within the natural range of the species but fish were collected 
only with seines at these locations. If the comparative standing crops of 
fishes obtained by different sampling techniques are reliable estimators of 
collecting efficiency, seining appears to be a poor method of collecting 
spotted bass (Fig. 2). Therefore, the data from these 10 mispredicted sites 
may not accurately reflect the actual standing crop of spotted bass. 

The model accurately described the presence or absence of spotted bass 
for 88 stream sites. Of the 21 misclassified sites, 19 appear to be related 
to the zoogeographical distribution of the species or the capture method 
utilized for sampling. 

Suitability index curves. Suitability index (S1) curves were developed 
from spotted bass standing crop data for the following variables: mean width; 
minimum width; percent riffle; pH; turbidity; water temperature; and nitrates 
and are presented in Layher (1983). Data for other variab1es related to 
spotted bass mean standing crops that were not applicable for the development 
of curves are also presented in Layher (1983). 

Standing crop modeis. Literature based S1 curves were available for the 
following four variables: stream gradient; substrate; water temperature; and 
average velocity (Appendix A). Suitab il ity i ndi ces were assi gned for each 
stream site for each of these variables. A habitat suitability index (HS1) 
was computed for each site usi ng the unweighted geometric mean of the S1 IS. 
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Table 2. Results of significant T-tests between presence and absence of spotted bass 
for physical and chemical variables. 

Standa rd Minimum Maximum 
Variable Groupa N Mean deviation value value Variance T OF PROB > IT I 

poor 1%)	 A 342 110.66 40.24 0.0 100.0 
P 61 52.88 38.94 0.0 100.0 [qual -2.2851 411.0 0.0228 

Run (%)	 A 341 50.31 47.38 0.0 100.0 
P 61 35.55 40.40 0.0 100.0 Equal 2.7386 406.0 0.0064 

Maximum width (m)	 A 342 11. 13 12.59 0.9 125.5 
P 63 16.63 8.59 6.0 45.4 Unequal -4.2929 117.5 0.0001 

Minimum width 1m)	 A 3/12 6. 11 9.11 0.3 101. 2 
P 64 7.90 4.19 0.6 19.8 Unequal -2.3057 163.3 0.0224 

Mean depth (m)	 A 351 0.47 0.37 0.1 4.5 
P 69 0.65 0. 116 0.1 3.1 Unequal -3.0543 86.2 0.0030 

Total dissolved A 1511 564.84 573.32 22.0 4,200.0 
solids Img/I) P 56 317.48 310.64 125.0 1,750.0 Unequal 3.9826 177.7 0.0001 

.......
 
~ 

0 
Turbidity IJTU's)	 A 200 45.62 84.07 0.0 560.0 

P 53 26.18 20.99 2.0 115.0 Unequal 2.9413 250.6 0.0036 

Sulfates (mg/I)	 A 322 153.12 154.43 0,0 1,250.0 
P 58 107.26 18/L 41 1.0 95.0 Equal 2.1083 378.0 0.0445 

Phosphates (mg/I)	 A 337 0.64 0.96 0.0 9.0 
P 59 0.37 0.61 0.0 3. 1, Unequal 2.8319 116.1 0.0055 

Conductivity (~hos/cm)	 A 161 1,193.09 1,123.26 85.0 9,100.0 
P 57 735.79 702.39 200.0 4,000.0 Unequal 3.5610 158.0 0.0005 

Chlorides Img/I)	 A 335 107.85 194.96 0.1 1,870.0 
P 60 53.98 95.58 0.5 700.0 Unequal 3.3048 163.7 0.0012 

Mean width 1m)	 A 351 8.70 11.00 0.9 110.0 
P 69 13.68 8.08 3.0 45.7 Unequal -4.3854 123.4 0.0001 

Dissolved oxygen (mg/I)	 A 316 10.22 3.30 1.0 19.0 
P 64 8.91 3.21 4.0 19.0 Unequal 2.9427 91.9 0.0041 

a A = Absent
 
P = Present
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• Table 3. Classification of stream sites in various river basins in 
Kansas utilizing a discriminant analysis model to predict presence 
or absence of spotted bass. 

M1sclassification 
Correct 

classifications Presence 
to 

Absence 
to 

River basin Number Presence Absence absence presence 

Big Blue 1 2 

Cimarron 2 

Kansas 3 7 0 2 

Little Arkansas 4 

Lower Arkansas 5 5 3 0 3 

Lower Republican 6 21 0 0 

Marias des Cygnes• Mi ssouri 

Neosho 

7 

8 

9 14 

1 0 

2 

0 

2 

Sa line 10 4 0 1 

Smoky Hi 11 11 2 0 4 

Solomon 12 4 0 1 

Upper Arkansas 13 

Upper Republican 14 

Verdigris 15 7 0 1 

Walnut 16 15 3 0 5 

Totals 41 47 2 19 

Grand Totals 88 21 
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Figure 1. Misclassified Kansas stream sites for presence-absence 
groups of spotted bass. Numbers identify river basins (see Table 3). 
Misclassified sites from presence to absence are designated by a _. 
Sites misclassified from absence to presence are represented by a 
o. Oblique lines designate the native range of spotted bass. The 
dotted line separates the Kansas River Basin (above the line) from 
the Arkansas River Basin (below the line). 
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Figure 2. Average standing crops (kg/ha) for spotted bass collected 
by various sampling techniques. All sites represented by this figure 
were located within the native range of spotted bass. Sample method 
codes are: shock =shocking; sein = seining; mrsein =mark and recap
ture using seining; seinsh = seining and shocking; kill = rotenone; 
mrkill =rotenone with mark and recapture; mrsesh =seining and 
shocking with mark and recapture; and mrshoc = shocking with mark 
and recapture . 
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Correlations between HSI's and spotted bass standing crops were less than 0.10 • 
and not significant. However, a trend toward larger standing crops of spotted 
bass when higher HSI's occur may be evident (Fig. 3). 

A stepwise regression analysis was performed to explain the variability 
in the standi ng crop of spotted bass us i ng S1 IS deri ved from the curves 
presented in Layher (1983) as the independent variables. These curves were 
developed from the Kansas stream survey data. No significant r 2 values were 
obtained when the entire data set was used. However, significant r 2 values 
were obtained when the data set was categorized by the sampling technique used 
(Table 4). 

When data were analyzed that were obtained by the mark and recapture 
method with either seining or shocking used as the capture technique, a low r 2 

value resulted and the relationship was not significant. Conversely, r 2 

values were high and significant when the final sample in a mark and recapture 
series was obtained by a complete kill method or was based on electroshocking 
or when only kill methods were used. The relative importance of the variables 
in terms of explaining the variation in standing crop also changed with sampl
ing method. It appears, from these data, that methods that utilized kill 
techniques resulted in the most reliable data. 

Substrate composition. Ninety-eight point six percent of the sites that 
contained spotted bass also contained sand or silt; however, 91.9% of all 
sites sampled in Kansas contained sand or silt. Seventy-three point nine 
percent of the sites where spotted bass were collected also contained gravel, 
while only 39.8% of the total sample sites contained gravel. Cobble occurred • 
at 63.8% of the sites containing spotted bass, but only 30.2~~ of all sites 
sampled. Bedrock occurred at 27.5% of the sites where spotted bass were 
collected, but occurred in only 12.4% of all sample sites. These data are 
summarized in Figure 4 and suggest that substrate type, such as gravel and 
bedrock, may be important to spotted bass. 

Slenderhead Darter 

Presence-absence model. The variables that show significant differences 
between where slenderhead darters were present and where they were absent are 
summarized in Table 5. When these variables were used to predict the 
occurrence of slenderhead darters, all of the 17 sites where slenderhead 
darters were collected were classified correctly. One hundred and sixty-four 
of the 195 sites where slenderhead darters were absent were predicted 
correctly. Twelve of the misclassified sites were outside of the natural 
range of the speci es (Fi g. 5). 

Suitability curves. Suitability index curves were drawn for the slender
head darter for the following variables: calcium hardness; chlorides; conduc
tivity; dissolved oxygen; gradient; growing season; maximum width; mean depth; 
mean width; minimum width; nitrates; pH; phosphates; percent pools; percent 
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Table 4. Stepwise multiple regression analyses of variation in spotted bass 
standing crop by collection method. 

Method of colleCtion N r 2 F PROB > F Va riab les	 r PROB > r 

Ma rk and recapture wi th 16 .86 9.78 .0016 Water	 temperature 12.20 .0082 
ki II technique	 Mean width 2.61 .1451 

pH 6.26 .0368 
Minimum wl~th 30.54 .0006 
Nitrates 5.39 .0486 
Percent riffles 3.90 .0839 
Mean depth 2.61 .1451 

Hark and recapture with 19 .71 5.05 .0084 Water temperature 10.32 .0075 
kl I' technique combIned Mean depth 7.94 .0155 
with kill technIque Mean width 6.96 .0216 
used alone Minimum width 11.116 .005!l 

Nitrates 3.45 .0081 
Pe rc e nt r Iff Ie s 1.37 .26511 

..... Mark and recapture 21 .09 0.31 .8987	 Water temperature 0.311 .5688 
~ seining with	 TurbidIty o.!l2 .5298
0'1 electroshocklng	 Mean width o. III .5332 

Minimum width 0.53 .11766 
Nitrates 0.20 .6577 

Mark and recapture with 14 .75 6.38 .0012 Hater	 temperature 3.!l2 .1018 
e Iec t roshock Ing	 Turbidity 2.56 .1482 

Mean depth 15.67 .OO!l2 
Minimum width 1,77 .2205 
Percent ri ff les 3.06 .1172 

Mark and recapture with 12 .92 6.85 .0410 Turbidity	 7.66 .0495 
seining	 Mean depth 27.45 .0063 

Mean width 23.25 .0085 
pI! 1, 51 .2869 
Minimum width 17.25 .01h2 
Nitrates 2.42 .19!l9 
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Table 5. Results of significant T-tests between the presence and absence of slenderhead darters 
for physical and chemical variables. 

Standa rd Minimum Maximum 
Variable GrOUpa N Mean devla t Ion value value Va rl ance T OF PROB> ITI 

Chlorides (mg/l)	 A 370 102.64 189.42 0.1 1,870.0 
P 25 55.50 61.48 0.0 245.0 Unequal -2.9928 63.0 0.0039 

Grad f ent (m/km'	 A 340 1. 51 L 12 0.1 7.9 
P 29 0.81 0.66 0.1 3.4 Unequal 5.0906 43.3 0.0001 

GroWing season (days)	 A 388 177.91 11.78 82.0 19'LO 
P 32 187.15 5.86 179.0 193.0 Unequal -7.7183 54.6 0.0001 

Maximum width (m)	 A 377 11.50 12.28 0.9 125.5 
P 28 18.61 9.16 7.6 115.4 Unequal -3.8595 34.6 0.0005 

Mean width (m)	 A 386 9.07 10.87 0.9 110.3 
P 32 14.91 6.88 3.6 32.3 Unequal -4.3743 44.9 0.0001 

Minimum width (m) A 378 6.11' 8.75 0.3 101.1 
..... P 28 9.69 5.05 0.6 19.8 Unequal -3.3647 40.2 0.0017 
'0 
CO Pool (X) A 379 41.50 40.23 0.0 100.0 

P 30 57.30 37.97 0.0 100.0 Equal -2.0784 407.0 0.0383 

Riffle (%1	 A 377 8.98 16.27 0.0 100.0 
P 31 14.74 14.41 0.0 49.0 Unequal -2.1172 36.6 0.0411 

Runoff (Inche6/yr)	 A 388 1.84 1. 76 0.1 10.0 
P 32 4.18 3.11 1.0 10.0 Unequal -4.2020 32.7 0.0002 

Run IX)	 A 378 50.06 42.21 0.0 100.0 
P 30 27.73 39.90 0.0 100.0 [qua I 2.7993 406.0 0.0054 

Water temperature (OC)	 A 374 20.60 7.22 1.0 36.0 
p 31 24.03 3.76 14.0 30.0 Unequal -4.4390 50.7 0.0001 

aA = Absent
 
P == Present
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Figure 5. Misclassified Kansas stream sites from absence to 
presence for slenderhead darters. Oblique lines designate the 
native range·of the species. Misclassified sites from presence 
to absence are designated by a·. The dotted line separates 
the Kansas River Basin (above the line) from the Arkansas River 
Basin (below the line). 

• 199 



riffles; percent runs; runoff; sulfates; total alkalinity; total dissolved • 
solids; turbidity; volume of flow; and water temperature (see Layher 1983). 
Data for additional variables are also presented in Layher (1983). 

Standing crop models. There were no significant relationships between 
average standing crops of slenderhead darters and sampling technique. However, 
a majority of the sites (13) where slenderhead darters were collected were 
sampled with a mark and recapture technique. The recapture was accomplished 
by a kill method. Occurrence data obtained with other sampling techniques 
always involved five or fewer sites; therefore, only mark and recapture data 
with kill as the recapture technique were used in regression model development. 
A single variable, calcium hardness, was responsible for 87.9% of the variation 
in standing crop. The model was significant at the p :So 0.0001 level. The 
addition of the percent riffles variable increased the r 2 value to 0.915; the 
significance of the entire model remained the same. With the addition of the 
maximum stream width variable, the r 2 increased to 0.942, but the significance 
of the model remained at p s: 0.0001. Equations for the one, two, and three 
variable standing crop models (kg/ha) were: 

(1)	 -0.651 + 8.198 (calcium hardness S1) =
 
slenderhead darter standing crop
 

R2 = 0.88	 PROS> F = 0.0001 

(2)	 -1.069 + 7.398 (calcium hardness S1) + 1.244 (% riffles SI) =
 
slenderhead darter standing crop
 

R2. = 0.92	 PROS> F = 0.0001 •
Calcium hardness PROS> F = 0.0001
 
Percent r; ffl es PROB > F = 0.0519
 

(3)	 -1.442 + 6.877 (calcium hardness 51) + 0.832 (maximum width 5I) + 
1.342 (% riffles 5I) = slenderhead darter standing crop 

R2. = 0.94 PROS> F =0.0001
 
Calcium hardness PROS> F =0.0001
 
Maximum width PROS> F = 0.0519
 
Percent ri ffl es PROS> F = 0.0215
 

Addition of other variables to the equation increased the r2. of the 
model, but resulted in a minor decrease in significance. However, the addi
tional variables did not individually meet the 0.05 level of significance 
needed to be wor.thwhile additions to the model. Calcium hardness also appeared 
to be the most important variable in models developed from sites sampled with 
other methods. All 5I I S were derived from the curves presented in Layher 
(1983). 
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Orangethroat Darter 

Presence-absence models. The variables with significant differences 
between where orangethroat darters were present and where they were absent are 
summarized in Table 6. Ninety percent of the sites (45 of 50) were correctly 
predicted to contain orangethroat darters. Only 30 of the 46 (65.2%) sites 
where orangethroat darters did not occur were correctly predicted not to 
contain orangethroats. The misclassification of these 16 sites is difficult 
to explain. The small size of the darter may restrict movement to some 
isolated yet suitable areas. However, the orangethroat darter occurs through
out much of the eastern two-thirds of Kansas, and zoogeographical isolationism 
does not appear to be a satisfactory explanation for the misclassifications. 
Eradication due to fish kills resulting from exogenous factors may have 
occurred at some sites. Another possibility for the misclassification is that 
the streams may have been sampled at times when the variables measured were not 
representative of the usual stream conditions at the individual sites. 

SUitability index curves. Suitability index curves were drawn for the 
orangethroat darter for the following variables; water temperature; volume of 
flow; velocity; turbidity; total alkalinity; sulfates; percent runs; runoff; 
percent riffles; percent pools; phosphates; pH; nitrates; magnesium hardness; 
minimum width; mean width; mean depth; maximum width; growing season; gradient; 
dissolved oxygen; conductivity; and calcium hardness (see Layher 1983). Data 
for additional variables are also in Layher (1983). 

Standing crop models. Sixteen sets of data from mark and recapture 
stations that utilized a combination of seining and electrofishing were avail 
able for use in model development. An r~ of 0.64 was obtained, utilizing five 
independent variables. Variables included in the model were mean width, 
minimum width, percent pools, percent runs, and total alkalinity. All of the 
variables were significant below the 0.0095 level. The entire model was 
sign1ficant at the 0.0269 level (F = 3.95). Four additional model variables 
(conductivity. magnesium hardness, percent riffles, and sulfates) increased 
the r~ value to 0.9490 (F = 14.49; P > F =0.001). Each of the nine variables 
was significant below the 0.0078 level. F values for individual variables 
ranged from 13.57 for total alkalinity (the lowest F value) to 73.32 (the 
highest F value) for percent runs. The addition of two more variables, dis
solved oxygen and turbidity, increased the model r 2 to 0.98 (F =36.53; 
P > F =0.0005). Both variables were significant below the 0.05 level. 

Sixty-three sets of data were available for model development using kill 
as the recapture method in a mark and recapture technique. Five independent 
variables produced an r 2 of 0.3906 (F = 7.44; P > F = 0.0001). Only three of 
the variables in the model were significant below the 0.05 level: magnesium 
hardness; nitrates; and phosphates. However, only phosphates and magnesium 
hardness of these additional variables were significant at the 0.05 level. 
Dissolved oxygen and maximum width were the other two variables included in 
the model. Significance levels were 0.1394 and 0.1996, respectively, for 
these other two variables. Adding more variables to the model resulted in an 
r 2 of 0.4993 (F =2.00; P > F =0.0282). 
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Table 6. Results of significant T-tests between the presence and absence of orangethroat
darters for physical and chemical variables. 

Variable Groupa N Mean 
Standa rd 
dev fa t Ion 

Minimum 
value 

Maximum 
value Va rlanco T OF PROB > IT I 

N 
C) 
N 

Chlorides (mg/I) 

Conductivity 
(].lmhos/cm) 

Grad lent I m/km) 

Minimum .... Idth (m) 

Nit ra te s I mg /I ) 

Phospha tes.( mgt I) 

Poo Is (%) 

A 
P 

A 
P 

A 
P 

A 
P 

A 
P 

A 
p 

A 
P 

255 
140' 

139 
79 

233 
136 

260 
146 

2116 
138 

256 
140 

258 
151 

125.80 
52.00 

1,225.00 
807.10 

1.28 
1. 76 

7.10 
5.12 

6.72 
8.82 

0.69 
0.45 

38.97 
48.95 

216.00 
86.10 

172.20 
715.00 

1. 03 
1.17 

10.20 
4.10 

11.71 
10.52 

1.03 
0.68 

Ill. 28 
37.70 

0.5 
0.1 

200.0 
85.0 

0.1 
0.0 

0.3 
0.6 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

1,870.0 
665.0 

4,000.0 

7.9 
5.0 

101.1 
22.8 

35.2 
92. /1 

9.0 
4.5 

100.0 
100.0 

Unequal 

Unequal 

Unequal 

Unequal 

Unequal 

Unequa I 

Equal 

-4.8065 

3.2675 

-3.9282 

2.7547 

-2.2261 

2.7364 

-2.4342 

366.2 

214.9 

255.8 

374.7 

16B.3 

379.3 

407.0 

0.0001 

0.0013 

0.0001 

0.0062 

0.0273 

0.0065 

0.0154 

Ri ffles (X) A 
P 

257 
151 

7.97 
11.88 

16.02 
16.13 

0.0 
0.0 

100.0 
88.0 Equa I -2.3672 406.0 0.0184 

Runoff (fnches/yr) 

Runs (%) 

Sulfates (mg/l) 

Total dissolved 
so I j ds (mg/ I ) 

Turbidity (JTU's) 

A 
P 

A 
P 

A 
P 

A 
P 

A 
P 

268 
152 

257 
151 

2118 
132 

137 
73 

140 
113 

1.49 
2.95 

54.06 
38.81 

161. 44 
117.33 

571.26 
363.04 

51.65 
29.03 

1. 62 
2.23 

113.411 
38.84 

161.95 
152.59 

595.51 
329. 119 

87.14 
56.50 

0.1 
0.1 

0.0 
0.0 

0.0 
1.0 

22.0 
34.0 

0.0 
0.0 

10.0 
10.0 

100.0 
100.0 

1,250.0 
900.0 

11,200.0 
1,750.0 

560.0 
510.0 

Unequal 

Unequal 

[qua I 

Unequal 

Unequa I 

-7.1082 

3.6617 

2.5788 

3.2615 

2./1899 

242.9 

343.0 

376.0 

207.7 

240.5 

0.0001 

0.0003 

0.0103 

0.0013 

0.0135 

a A = Absent 
P = Present 

• • • 



•
 

• 

•
 

Twenty-three complete data sets were available from sites where kill 
methods were used. Four variables produced an r 2 of 0.6259 (F = 7.95; 
P > F = 0.0006): conductivity; growing season; nitrates; and turbidity. 
These variables were all significant below the 0.05 level. F values for the 
individual variables in the model ranged from 3.52 for turbidity to 28.40 for 
nitrates. The addition of three variables, mean width, mean depth, and total 
alkalinity, increased the r 2 of the model to 0.7230 (F =5.97; P > F =0.0015). 
F values for these three variables were 0.0736, 0.1981, and 0.1025, respec
tively. The significance level of all of these three variables was below 
0.0303. By adding data for additional variables, an r 2 ' of 0.8830 was obtained; 
however, the model was no longer significant. The model was significant at 
the 0.0356 level with 15 independent variables; the F value was 3.63 and 
r 2 =0.8719. 

Complete data sets were available for 11 sites where fish were sampled by 
seining and shocking. Mean depth was the only variable that was significant 
at the 0.05 level (F =4.78; r 2 = 0.3236). 

Twenty data sets were available for mark and recapture stations where only 
seining had been used. Nine variables, all significant below the 0.0019 level, 
produced an r 2 =0.9254 (F = 18.63; P > F =0.0001). Addition of these 
variables to the model produced the following results (r2 in parentheses): 
phosphates (0.3065); percent pools (0.5381); minimum width (0.6394); conductiv
ity (0.7202); growing season (0.7699); nitrates (0.8129); percent riffles 
(0.8556); magnesium hardness (0.8860); nitrates removed and replaced by 
turbidity (0.9158); and maximum width removed and replaced by mean width 
(0.9254). 

Ten data sets were available from sites where selnlng was the only method 
of collection. Five variables produced a model with an r 2 of 0.9721 (P > F = 
0.0007). All of these variables were significant below the 0.04 level. The 
five variables produced the following model (r 2 in parentheses): water 
temperature (0.2234); sulfates (0.5941); percent pool s (0.8790); total 
alkalinity (0.9323); and calcium hardness (0.9721). 

All of the sites where a combination of seining and shocking were used to 
collect fish without mark and recapture activities had at least one variable 
missing from the data set. In addition, no data were available for sites 
where the recapture technique was electroshocking. Consequently, no model was 
developed for data from these capture techniques. Regression model s are 
summarized in Table 7. 

Central Stoneroller 

Presence-absence modeL The vari abl es that had si gnifi cant differences 
between areas where central stoneroll ers were present and where they were 
absent are summarized in Table 8. Ninety point five percent of the 42 sites 
where stonerollers were absent were classified correctly. Sixty-nine percent 
of the 52 sites where stonerollers were found were classified correctly. 
Seventy-four of the 94 sites with complete data sets were classified correctly. 
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Table 7. Results of stepwise multiple regression analyses of variation in orangethroat 
darter standing crop by collection method. 

2
Method of collection N r F PROB > F Va ri ab Ies	 F PROB > F 

Mark and recapture with 16 .64 3.95 .0269	 Mean width 12.68 .00115 
shocking	 Minimum width 10.63 .0076 

Pe rcen t poo Is 9.81 .0075 
Pe rcent runs 14.61 .0028 
To ta I a Ika I In I ty 1. 49 .2484 

Mark and recapture with 63 .39 7.411 .0001	 Magne6 i urn tla rdllcss 3. 82 .0555 
ki II	 Nitrates 6.72 .0120 

Phosphates 30.90 .0001 
Dissolved oxygen 2.25 .1394 
Mean width 1. 68 .1996 

KI	 I I without mark and 23 .62 7.95 ".0006 Condllct ivl ty 5.90 .0252 
recapture Growing sellson 9.02 .0073 

N	 Nitrates 28. LIO .0001 
a	 Turbidity 3.52 .0761 
~ 

SeinIng and shocking 11 .32 4.78 .0536	 Mean depth 

Mark and recapture with 20 .92 18.63 .0001	 Phosphates 62.92 .0001 
seining	 Percent pools 71.29 .0001 

Conductivity 23.12 .0004 
Growing season 18.19 .0011 
Percent riffles 21.60 .0006 
Magnesium hardness 29.92 .0001 
Turb Id r ty 23.37 .0004 
Mean width 15.60 .0019 

Seining 10 .97 ? .0007	 W,ator temperature 138.26 .0001 
Sulfates 113.50 .0001 
Pc rcen t pOD Is 40.58 .001/1 
To ta I a Ika I rn I ty 10.97 .0212 
Ca Ic Iurn ha rdness 7.15 .0441 
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Table 8. Results of significant T-tests between rresence and ahsence of central 
stoneroller for physical and chemical variables. 

•
 
Standard Mlnlmull Maximum 

Va rlab Ie Groupa N Mean devl a tl on value value Va rlance T Df PROB > ITI 

Calcium hardness A 193 235.82 125.53 10.0 850.0 
(mg!1 ) P 180 210.61 186.24 0.0 1.350.0 Unequal -2.1039 310.8 0.0362 

Grad Ient Im!kll)	 A 183 1. 24 0.91 0.1 5.0 
P 186 1.61 1. 19 0.1 7.9 Unequal -3.1415 354.8 0.0002 

Maximum width (m)	 A 206 13.48 15.46 1.2 125.5 
P 199 10.44 7.11 0.9 42.6 Unequal 2.5169 291.3 0.0114 

Mean depth (m)	 A 212 0.55 0.1l3 0.1 1l.5 
P 206 O,Il4 O.lll 0.1 3.1 Unequal 2.9926 403.2 0.0029 

Mean .... Idth C-l	 A 212 10.66 13.51l 0.9 110.0 
P 208 6.32 6.56 0.9 1l5.7 Unequal 2.2629 306.3 0.0231 

N Minimum width (ml A 206 7.65 11.25 0.6 101.1a 
01	 P 200 5.09 4.05 0.3 27.4 Unequal 3.0678 259.9 0.0024 

Nitrates (mg!l)	 A 191 6.lll 3.95 0.0 31l.3 
p 181 6.59 9.69 0.0 92.4 Unequal -2.6564 243.6 0.0047 

Phosphates (mg!1 I	 A 206 0.70 1.09 0.0 9.0 
P 190 0.50 0.66 0.0 4.5 Unequal 2.2168 348.1 0.0273 

Runoff (Inches!yrl	 A 212 1. 56 1.66 0.1 10.0 
P 208 2.48 2.18 0.1 10.0 Unequal -1l.8621 367.7 0.0001 

Total dissolved	 A lOll 596.51 561.95 22.0 3,590.0 
so II ds I mg!1 ) P 106 403.06 467.23 34.0 1l,200.0 Unequal 2.6925 199.1 0.0077 

Turbidity (JTU's)	 A 116 55.35 95.63 0.0 560.0 
P 137 29.86 50.90 0.0 510.0 Unequa I 2.5782 166.6 0.0106 

Vo Iu"3e 0 f f Iow A 161 1. 21l 1l.05 0.0 26.3 
(m Vsec I P 190 0.57 2.03 0.0 25.1 Unequa I 2.0370 272.9 0.0426 

aA = Absent
 
P = Present
 



Suitability index curves. Suitability index curves were drawn for the • 
central stonerol1er for the following variables: gradient; dissolved oxygen; 
conductivity; chlorides; velocity; turbidity; water temperature; volume of 
flow; total dissolved solids; total alkalinity; sulfates; percent run; percent 
riffles; percent pools; phosphates; pH; nitrates; magnesium hardness; minimum 
width; mean width; maximum width; and mean depth (see Layher 1983). Data for 
additional variables are summarized in Layher (1983). 

Standing crop models. Complete data sets were available for 18 sites 
that were sampled by a mark and recapture method, utilizing seining followed 
by shocking. A standing crop model based on five variables resulted in an r 2 

of 0.9029 (F =24.18; P > F =0.0001). Variables were entered into the model 
in the following order (rZ in parentheses): mean width (0.5670); percent run 
(0.6988); magnesium hardness (0.7644); sulfates (0.8744); and pH (0.9029). 
All model v~riables were significant below the 0.006 level, with the exception 
of pH, which was significant at the 0.0730 level. 

Data sets were available from '85 sample sites where mark and recapture 
involved a final kill technique. A model based on eight variables resulted in 
an r 2 of 0.5012 (F = 9.67; P > F = 0.0001). The following variables were 
entered into the model in the order given (r2 values in parentheses): mean 
width (0.1996); gradient (0.2870); pH (0.2924); water temperature (0.3602); 
maximum width (0.4138); mean depth (0.4356); total dissolved solids (0.4609); 
phosphates (0.4835); and total alkalinity (0.5012). All variables in the 
model were significant below the 0.03 level, with the exception of phosphates 
(0.1238) and alkalinity (0.0609). The addition of 13 more independent vari- • 
ables produced at r 2 of only 0.5665, although the entire model remained 
significant at the 0.0001 level. 

Data sets were available for 35 stations where sampling was done by kill 
techniques. Variables were added in a stepwise manner in the following order 
(r 2 values in parentheses): magnesium hardness (0.1761); maximum width 
(0.3019); nitrates (0.4178); maximum width replaced by mean width (0.4281); 
percent pools (0.4723); dissolved oxygen (0.5203); and mean width replaced by 
maximum width (0.5397). The five-variable model had an F =7.04; P > F = 
0.0002. All variables in the model were significant below the 0.05 level. 
Additional variables improved the r 2 of the model but lowered its significance 
1eve1. 

Complete data sets were available for 13 sample sites where a combination 
of seining and shocking techniques were used. A model based on three variables 
resulted in an r 2 of 0.8821 (F = 24.95; P > F = 0.001). The three variables 
were added in a stepwise manner (r 2 values in parentheses): percent riffle 
(0.5656); sulfates (0.7868); and pH (0.8821). All three variables were, 
significant below the 0.01 level. A model based on six variables resulted in 
an r 2 of 0.9980 (F = 0.0001; P > F = 125.89). The variables in this model 
were chlorides, gradient, mean width, phosphates, sulfates, and velocity. All 
of the individual variables were significant below the 0.007 level, except 
chlorides, which had a significance level of 0.1137. 
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• Complete data sets were available for 23 sample sites that were sampled 
by mark and recapture methods, using only seining. The three variables 

• 

produced an r% of 0.7406 (F =19.04; P > F =0.0001) and were all significant 
below the 0.0203 level. They were entered into the model in a stepwise manner 
as follows (r% values in parentheses): percent runs (0.5282); water tempera
ture (0.6582); and gradient (0.7406). Additional variables increased the r 2 

value of the model but their importance was questionable because of the lowered 
number of degrees of freedom. 

Data sets were available for 21 sample sites where only selnlng was used 
as a capture technique. Three variables produced an r 2 of 0.7815 (F = 21.46; 
P > F =0.0001). The three variables were entered into the model in a stepwise 
manner as follows: mean width; maximum width; and phosphates. 

No complete data sets were available for sites sampled by shocking or 
shocking as part of a mark and recapture method. The models developed from 
data for the various sampling techniques are summarized in Table 9. 

Channel Catfish 

Presence-absence model. The variables that showed significant differences 
between areas where channel catfish were present and where they were absent 
are summarized in Table 10. One hundred and thirty-five (88%) of the 153 
samples sites where channel catfish were absent were predicted not to contain 
this species. However, only 61 (40%) of the 152 sample sites where channel 
catfish were collected were correctly predicted to contain the species . 
Overall, 64% of all sites were classified correctly. 

Suitability index curves. Suitability index curves were drawn for the 
channel catfish for the following variables: conductivity; dissolved oxygen; 
gradient; maximum width; mean depth; mean width; minimum width; nitrates; pH; 
percent pool s; percent riffl es; runoff; percent runs; sulfates; total 
alkalinity; total dissolved solids; turbidity; volume of flow; and water 
temperature (see Layher 1983). Data for additional variables are also in 
Layher (1983). 

Standing crop models. Complete data sets were available for only 10 
sample sites where kill methods were utilized. A model based on three vari
ables had an r% of 0.6617, with an F of 4.56 and a probability of a greater F 
of 0.0450. The variables used in the model were (r 2 and significance in 
parentheses): percent pools (0.2376, 0.0136); minimum width (0.5035, 0.230); 
and conductivity (0.6617, 0.1133). 

, 
Complete data sets were available for 42 sites where channel catfish were 

collected by a mark. and recapture technique with a final ki 11. The model, 
based on the independent vari ab1es percent runs, runoff, water temperature, 
and maximum width, had an r% of 0.4985 (F = 9.20; P > F =0.0001). All of 
the variables in the model were significant below the 0.05 level, with the 
exception of maximum width (alpha =0.1199). When maximum width was removed, 
the r% was reduced to 0.4641 (F = 10.97; P > F = 0.0001) . 
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Table 9. Results of stepwise multiple regression analyses of the variation in central
stoneroller standing crop by collection method. 

2Method of collection N r F PROB > F VarIables	 F PROB > F 

Mark and recapture with 18 .90 24.18 .0001	 Mean width 90.43 .0001 
seining and shocking	 Percent run 10.71 .0061 

Magnoslum hardness 17.65 .0010 
Sulfates 15.15 .0019 
pH 3.81 .0730 

Mark and recapture with 65 .50 9.67 .0010	 Mean width 9.73 .0025 
a f rno I k II I	 Grad lent 14.42 .0003 

pI! 6.22 .0148 
Wa te r tempe ra til re 4.89 .0301 
Mean depth 7.49 .0077 
Total dissolved 

solids 7.00 .0099 
Phosphates 2.42 .1238 

N	 Total alkallnlty 3.62 .0609 
0 
CO 

KI I I technIque without 35 .53 7.04 .0002	 Magnesium hardness 12.72 .0012 
rna rk and recapture	 Maximum width 9.07 .0052 

NI tratos 7.62 .0078 
Percent pools 4.14 .0507 
Oissolved oxygen Li.79 .0366 

SeIning and shocking 13 .86 24.95 , ,0010	 Percent rl ffles 52.53 .0001 
Sulfates 21.76 .0009 
pH 8.09 .0174 

Mark and recapture with 23 .74 19.04 .0001 Percent runs 18.30 .0004 
seining Water temperature 15.48 .0008 

Grad ient 6.35 .0203 

SeinIng 21 .78 21.46 .0001	 Mean width 51.75 .0001 
Maximum width 12.76 .0022 
Phosphates 9.91 .0056 
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Table 10. Results of significant T-tests between presence and absence of channel catfish 
for physical and chemical variables. 

Va rI abl e GrOUpa N Mean 
Standa rd 
deviation 

MinImum 
value 

Maximum 
value Variance T Of PROB > IT I 

Maximum width 1m) , A 
P 

209 
196 

8.65 
15.55 

8.71 
14.26 

0.9 
2.4 

91.4 
125.5 Unequal -5.8249 318.7 0.0001 

MInimum width 1m) A 
P 

210 
196 

11.56 
8.35 

4.87 
10.96 

0.3 
0.6 

511. 8 
101.1 Unequal -4.4433 265.2 0.0001 

Mean depth 1m) A 
P 

211 
209 

0.45 
0.54 

0.44 
0.33 

0.1 
0.1 

4.5 
2.1 Unequal -2.2236 389.9 0.0267 

VOlu~e of flow 
Im ~sec) 

A 
P 

196 
181 

0.39 
1.45 

1. 94 
4.11 

0.0 
0.0 

25.1 
28.3 Unequal -3.1519 251.7 0.0018 

N 
a 
~ 

Grad lent (m/km) 

Water temperature (OCI 

A 
P 

A 
P 

171 
198 

207 
196 

1.77 
1. 19 

18.80 
22.77 

1. 18 
0.96 

6.83 
5.77 

0.1 
0.1 

1.0 
1.0 

7.9 
5.0 

30.0 
36.0 

Unequal 

Unequal 

5.0630 

-6.3172 

327.7 

396.9 

0.0001 

0.0001 

Mean width Iml A 
P 

211 
209 

6.70 
12.35 

7./12 
12.65 

0.9 
1.8 

76.2 
110.0 Unequal -5.5738 335.4 0.0001 

Riffles 1%1 A 
P 

210 
198 

6./18 
12.53 

13.59 
18.07 

0.0 
0.0 

81.0 
100.0 Unequal -3.8003 365.2 0.0002 

aA ;;; Ab6ent 
P = Pre&ent 



Complete data sets were available for 12 sites where mark and recapture 
methods were u'sed with the fi rst capture by sei ni ng and the second by shocking, 
at six sites where collecting was done by a combination of seining and shocking •
but no mark and recapture occurred, and at 11 sites where mark and recapture 
methods with shocking on ly were used. Percent pools was the most important 
variable in terms of channel catfish standing crop for the first sampling 
method, while gradient was the most important variable for the last two sampl
ing methods. Standing crop models for these sampling methods are not included 
because of the small number of sites sampled with each method. 

Complete data sets were available from only seven sites sampled by mark 
and recapture using only seining. Conductivity was the most important variable 
in terms of standi ng crop. A standi ng crop model is not ; ncl uded because of 
the small number of available data points. Shocking and seining used 
separately only provided two and four data points, respectively. and, conse
quently, an analysis was not performed. Regression models are summarized in 
Table 11. 

Largemouth Bass 

Presence-absence model. The variables that had significant differences 
between areas where largemouth bass were present and where they were absent 
are included in Table 12. There were 171 complete data sets relating informa
tion about physical factors to standing crop. Classification was correct for 
108' sites or 63% of the observations. The model correctly predicted the 
occurrence of largemouth bass for 55 (90%) of the 61 sites that contained the 
species. However, the model correctly predicted their absence at only 48% of • 
the 110 sites where largemouth bass were not found. When the velocity variable 
was added to the model, model predictions were more accurate. There were 
complete data sets for 161 sites available for use in the model based on this 
addition. With this model, 45 of 55 sites containing largemouth bass were 
classified correctly; a reduction of about 8% in correct predictions. However, 
77 (73%) of 106 sites where largemouth bass were absent were classified 
correctly; an improvement of about 13%. 

Suitability index curves. Suitability index curves were drawn for the 
largemouth bass for the following variables: chlorides; conductivity; 
dissolved oxygen; gradient; growing season; maximum width; mean depth; mean 
width; minimum width; nitrates; pH; phosphates; percent pools; percent riffles; 
percent runs; water temperature; total alkalinity; total dissolved solids; 
turbidity; and velocity (see Layher 1983). Data for additional variables are 
also in Layher (1983). 

Standing crop models. Complete data sets were available for 53 sites 
where a mark and recapture method incorporating kill as the recapture method 
was used. Mean width and mean depth were the most important variables in 
terms of largemouth bass standing crop with this capture technique. Both 
variables were significant at the 0.01 level, but together resulted in only an 
r 2 of 0.1951 (F =6.18; P > F =0.0039). 
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Table 11. Results of stepwise multiple regression analyses of the variation in channel catfish 
standing crop by collection method. 

•
 
2Hethod of collection H r F PROB > F Va r lab les F "ROB > F 

Ha rk and recapture wi th 
a final kill 

112 .119 9.20 .0001 l~a )( I mum wid t h 
Runoff 
Percent run 
Water temperature 

2.53 
10.65 
13.82 
3.89 

.1199 

.00211 

.0007 

.0560 

KII I technique used 
wIthout mark and 
recapture 

11 .66 9.56 .01150 Conduct I v I ty
MlrtlmllfQ width 
Percent pools 

3.27 
8.111 

10.72 

.1133 

.0230 

.0136 

N ...... ...... 

Hark and recapture with 
kll I (combined with 
kill stations) 

Hark and recapture with 
seining and shocking 

53 

13 

.38 

.72 

11.88 

7.911 

.0006 

.0067 

Maximum width 
Nitrates 
Pe rcent pOO 15 
Runoff 
Percent run 
Total alkalinity 

Percent pools
Runoff 

3.02 
3.00 
11.38 
2.29 
II. 10 
3.86 

16.83 
2.75 

.0892 

.0901 

.01119 

.1366 

.01187 

.0556 

.00711 

.1315 

Hark and recapture with 
shocking 

12 .68 5.83 .0206 Dissolved oxygen 
pU
Grad lent 

5.11 
2.88 
7.25 

.0536 

.12811 

.02711 

Seining and shocking 6 .99 129.31 .0011 pH
Percent pools
Gradient 

5.68 
5.27 

318.97 

.09711 

. 10511 

.00011 

Hark and recapture wIth 
seining 

7 .119 2.118 .1787 Conduct Iv I ty
Dissolved oxygen 

11.95 
1.00 

.0766 

.3638 
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Table 12. Results of significant T-tests between presence and absence of largemouth bass 
for physical and chemical variables. 

Standa rd Minimum Maximum 
Va r lab Ie Groupa N Moan dev iat Ion value value Va ri once T OF PROB> IT I 

Maximum width (m)	 A 246 10.911 11.54 0.9 91.4 
p 157 13.65 13.06 3.0 125.5 Unequal -2.1281 301.6 0.0341 

Mean depth (m)	 A 257 0.45 0.42 0.1 4.5 
P 163 0.57 0.33 0.1 2.1 Unequal -3.3202 400.6 0.0010 

Gradlont (m/km)	 A 221 1. 32 0.96 0.1 5.0 
P 1'18 1. 67 1.27 0.1 7.9 Unequal -2.6731 257.3 0.0044 

Calcium hardness A 228 265.36 149.211 5.0 930.0 
(mg/ I) P 145 232.64 170.71 0.0 1,350.0 Unequal 1. 6936 276.6 0.0593 

Wator temperature (DC)	 A 21j8 19.06 7.01 1.0 32.0 
P 157 23.36 11.96 1.0 36.0 Unequal -7.1752 397.6 0.0001 

N 
~ Conduct i v J ty	 A 137 1,183.63 1,066.25 65.0 910.0 
N (\lmhos/cm)	 P 61 867.27 955.07 200.0 6,400.0 Unequal 2.0687 177.4 0.0400 

Chlorides (mg/I)	 A 240 117.23 179.66 0.5 1,250.0 
P 155 72.1j5 166.63 0.1 1,870.0 Equa I 2.3717 393.0 0.0182 

Poo Is (%)	 A 2'16 35.50 39.70 0.0 100.0 
P 163 53.1j6 38.72 0.0 100.0 Equa' -4.5221 407.0 0.0001 

Rlrrles (%)	 A 21j7 8.14 15.89 0.0 100.0 
P 161 11.37 16.49 0.0 68.0 Equal -1.9809 1106.0 0.01'83 

Runs (%)	 A 21j6 56.1j2 39.30 0.0 100.0 Equa I 4.8783 1j06.0 0.0001 

aA= Ab6ent
 
P = Present
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• Kill methods with no mark and recapture were used at only 16 sites. Only 
total alkalinity and secchi disc reading met the 0.05 significance level set 
for inclusion in the model; they produced an overall model with an r Z of 
0.3246 (P > F =0.0629). 

No data were available to develop a model for shocking as a capture tech
nique without mark and recapture, and complete data sets were available for 
only two sites where mark and recapture, including shocking as one of the 
sampling .techniques, was used. 

Fourteen data sets were available for sites where a combination of seining 
and shocking, not utilizing a mark and recapture procedure, was used. In the 
model representing this sampling technique, pH alone produced an r Z of 0.9091 
(F = 130.08; P > F = 0.0001). Mean depth and total alkalinity increased the 
r 2 value to 0.9478, without affecting the significance level. Significance 
levels for the three variables pH, mean depth, and total alkalinity were 
0.0001, 0.0284, and 0.0977, respectively. 

Sixteen data sets were used in the stepwise regression analysis described 
in the preceding paragraph, except that the sampling method for these sites 
also involved mark. and recapture. Percent runs and water temperature were the 
two most important variables in this model, but together only resulted in an 
r 2 of 0.35. 

• 
Thirteen data sets where se1nlng alone was used as a method of capture 

resulted in a model with an r 2 of 0.9008 and a significance level of 0.0001. 
Turbidity, conductivity, and phosphates were the three most important variables 
in this model. These variables were added in a stepwise procedure in the 
order listed above and resulted in the following r Z values, respectively: 
0.4611; 0.8533; and 0.9008. Individual significance levels for the three 
variables were 0.0001, except for phosphates, which was 0.0580. The regression 
models are summarized in Table 13. 

White Crappie 

Presence-absence model. The variables that were significantly different 
between where whi te crappi e were present and where they were absent are 
summarized in Table 14. Presence or absence of the species was correctly 
predicted in 58% of the 180 sites. Thirty-three (89%) of the 37 sites where 
crappie were found were correctly classified. However, only 50% of the sites 
where crappie were absent were correctly classified. 

Suitability index curves. Suitability index curves were drawn for the 
white crappie for the "follOWing variables: conductivity; dissolved oxygen; 
gradient; grOWing season; mean depth; maximum Width; mean width; magnesium 
hardness; nitrates; pH; phosphates; percent riffles; turbidity; velocity; 
volume of flow; and water temperature (see layher 1983). Data for additional 
variables are also presented in Layher (1983) . 
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Table 13. Results of stepwise multiple regression analyses of the variation in largemouth 
bass standing crop ·by collection method. 

Method or collection N r 2 F PROB > F Va riables	 F PROB > f 

Mark and recapture with 53 .19 6.18 .0039 Mean width 5.89 .0188 
a r Inal k i I I Mean depth 5.83 .0194 

KII t technIque without 16 .32 3.39 .0629 Total alkalinity 4.64 .0492 
rna rk and recapture Secchl disc 5.77 .0307 

Seining and shocking 14 .90 130.08 .0001	 pH 

Ha rk and recapture wi th 16 .35 3.90 .0450 Percent runs 4.93 .0433 
N seining and shocking Water temperature 2.15 .1645 
...... 
~ 

Seining 13 .90 30.27 .0001	 Turbidity 64.55 .0001 
Condllc t iv r ty 41. 86 .0001 
Phosphates 4.58 .0580 

Mark and recapture with 21 .71 10.49 .0001	 Grad lent 16.43 .0008 
seining	 pH 12.39 .0026 

Nit ra tes 13.70 .0018 
Turbidity 2.1" .1613 
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Table 14. Results of significant T-tests between the presence and absence of white crappie 
for physical and chemical variables. 

•
 

Standa rd Minimum Maximum 
Va rlab Ie Groupa H Mean dev Iat! on value va t ue Va rlance T DF PROB > ITI 

. 
Maximum Width (m) ,	 A 326 10.10 10.146 0.9 125.5 

P 79 19.77 15.49 3.0 91.4 Unequa I -5.2607 95.9 0.0001 

Minimum Width (m)	 A 327 5.52 7.91 0.3 101.1 
P 79 9.96 10.214 0.6 511.8 Unequal -3.5980 101.6 0.0005 

Mean depth (m)	 A 338 0.'1 11 0.32 0.1 3.1 
P 82 0.70 0.56 0.2 4.5 Unequal -3, 9515 94.7 0.0001 

Grad Ien t (rn/km)	 A 289 1. 53 1. 12 0.1 7.9 
P 80 1. 18 1. 01 0.1 5.0 (qua I 2.5619 367.0 0.0108 

N Total dissolved A 167 550.16 569.149 22.0 14,200.0 
I-> so II ds (mg/ 1) P 143 299.72 255.18 314.0 1. 200. 0 Unequal 14.14827 174.5 0.0001 
U1 

Water temperature (OC)	 A 327 19.99 6.96 1.0 36.0 
P 78 23.89 3.62 11.0 30.0 Unequal -6.9361 230.3 0.0001 

Conduc t Iv I ty A 173 1,179.46 1,127.55 145.0 9,100.0 
(~mhos/cm) P 145 666.22 1481.92 85.0 2,700.0 Unequal 4.5887 170.2 0.0001 

Mea n .... rd th (m)	 A 338 8.08 9.60 0.9 110.0 
P 82 15.39 12.96 2.1 76.2 Unequal -11.7899 103.5 0.0001 

aA :: Absent
 
P '= Present
 



Standing crop models. There were only three complete data sets available • 
where kill techniques were employed without mark and recapture. Twenty-six 
sites were sampled where mark and recapture involved kill as the final capture 
technique. Three variables met the 0.5 significance level for inclusion in 
the stepwise regression model (r2. and individual significance levels are in 
parentheses): magnesium hardness (0.1551, 0.0225); gradient (0.2611, 0.0827); 
and growing season (0.3351,0.1231). 

Complete data sets were available for 14 sites where mark and recapture 
methods, with a combination of seining and shocking, were used. Only one 
variable, pH, was significant at the 0.0001 level; it resulted in an r2. of 
0.9709 (F = 435.14). Other variables that met the 0.5 significance level for 
inclusion in the model were phosphates, nitrates, and turbidity. The addition 
of these three variables increased the r2. to 0.9930, but did not change the 
significance level of the model. All of the variables were significant at 
least to the 0.05 level, with the exception of turbidity (a =0.2313). 

Only eight sites were sampled with a combination of seining and shocking 
but without mark and recapture. Growing season, turbidity, percent runs, and 
phosphates were all significant variables in the standing crop model for this 
sampling method. There were no data sets available for sites sampled by 
shocki ng or mark and recapture with shocking. 

Thirteen sites were sampled by seining, with population estimates based 
on mark and recapture methods. None of the vari abl es for whi ch curves were 
drawn produced significant r2. values with these techniques. Only five sites 
that were sampled by seining alone contained white crappie; therefore, no • 
models were developed for these data. The available regression models are 
summarized in Table 15. 

Green Sunfish 

Presence-absence model. The variables that had significant differences 
between areas where green sunfish were present and where they were absent are 
summarized in Table 16. Two hundred and fifty (77%) of 323 sites used in the 
analysis were classified correctly. Eighty-nine percent of the 240 sites 
where green sunfish occurred were classified correctly. However, only 44% of 
the 83 sites where green sunfish were absent were correctly classified. 

Sui tabi 1i ty index curves. Sui tabi li ty index curves were drawn for the 
green sunfish for the following variables: pH; phosphates; turbidity; 
velocitYi magnesium hardness; maximum width; minimum width; and mean depth 
(see Layher 1983). Data for additional variables are also in Layher (1983). 
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Table 15. Results of stepwise multiple regression analyses of variation in white crappie 
standing crop by collection method. 

•
 
2Method of collection N r f PROB > f Variables	 f PROB > f 

Ha rk and recapture wi th 27 .33 3.87 .0225 Gradient 3.29 .0827 
a fl na I kill Growing season 2.56 .1231 

Magnesium hardness 5.99 .0225 
, 

KIll without mark and 3 .97 811.33 .0117 Mean width
 
recapture
 

Mark and recapture with 31 .45 4.16 .0069 Olsliolved oxygen 3.47 .0742 
a final kill technique Gradient 4.35 .0475 
(combined with kill) Growing season 5.97 .0220 

Mean width	 2.13 .1567 
Magnesium hardness 4.79 .0382 

N ...... Hark and recapture with 14 .99 414.62 .0001	 Nitrates 4.97 .0500
"-.J seining and shocking	 Phosphates 12.28 .0057 

pll 1,557.85 .0001 
Turbidity 1. 82 .2313 

Seining and lihocklng 8 .90 15.45 .0058	 Growing season 37.56 .0017 
TurbidIty 12.33 .0173 
Percent runs 6.99 .0456 

Ma rk and recapture with 14 .20 1.46 .2741 Secchi disc 1.99 .1855 
seining Percent runs 1.30 .2791 

Seining 5 .98 141.78 .0011	 Mean width 235.27 .0006 
Turbidity 21. 85 .0185 
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Table 16. Results of significant T-tests between the presence and absence of green sunfish 
for physical and chemical variables. 

Standard Minimum Maximum 
Va rlab Ie GrOUpa N Mean dev lat Ion value value Variance T Of PROB > IT I 

Maximum wIdth 1m)	 A 104 15.43 20.09 0.9 125.5 
P 301 10.80 7.53 1.8 45.7 Unequal -2.2923 113.1 0.0237 

Minimum width 1m)	 A 104 9.52 14.94 0.6 101 . 1 
P 302 5.31 4.28 0.3 30.4 Unequal 2.8329 108.9 0.0055 

Volume of flow A 91 1. 96 5.56 0.0 28.3 
(m 3/sec) p 286 0.57 1. 84 0.0 25.1 Unequal 2.3400 96.3 0.0213 

Magnesium hardness A 94 73.80 65.71 0.0 440.0 
(mg/ I ) P 277 99.1 185.79 0.0 2,530.0 Unequal -1.9386 368.4 0.0533 

N Water temperature (0C) A 103 18.66 7.17 3.0 32.0 
~ p 302 21.45 6.29 1.0 36.0 Unequal -3.5045 159.0 0.0006CO 

Mean width (m)	 A 104 12.24 17 .28 0.9 110.0 
P 316 8.61 7.22 1.2 73.1 Unequal 2.0793 115. 1 0.0398 

Poo I s 1%)	 A 100 29. 111 37.211 0.0 100.0 
P 302 46.94 40.29 0.0 100.0 Equal -3.8578 407.0 0.0001 

Runs (%)	 A 101 61.00 40./18 0.0 100.0 
P 307 1"1.27 42.26 0.0 100.0 Equal 3.11871 406.0 0.0005 

Velocity 1m/sec)	 A 91 0.27 0.36 0.0 2.21 
P 286 0.16 0.43 0.0 5.7 Unequal 2.5602 175.6 0.0113 

aA = Absent
 
P == Present
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Standing crop models. Complete data sets were available for 106 sites 
that contained green sunfish where sampling was by mark and recapture with a 
final kill as the recapture method. Maximum width, velocity, and Secchi disk 
reading were the most important variables in terms of green sunfish standing 
crop (r% = 0.1457; F = 5.86; P > F = 0.0011). These were the only three 
variables significant at the 0.5 level set for inclusion in the model. 

Kill only was used at 48 sites. Maximum width and pH resulted in an r% 
of 0.1407 (P >. F =0.0329) for the model containing these two variables. No 
significant model s were developed for mark and recapture sites where both 
seining and shocking were used or where mark and recapture was used with 
shocking alone. Only two complete data sets were available for stations that 
were sampled by shocking without mark and recapture. 

Fourteen sites were sampled with a combination of seln1ng and shocking 
but no mark and recapture. An r% of 0.5063 (F = 5.64; P > F = 0.0206) resulted 
when the variables phosphate (~ = 0.0075) and pH (~ =0.0962) were included in 
the mode 1. 

Thirty-seven sites were sampled by selnlng and mark and recapture. An r 2 

of 0.1649 (F =3.36j P > F =0.0467) resulted from the inclusion of the vari
ables Secchi disk reading and maximum width. Maximum width was the only 
significant variable in terms of green sunfish standing crop for the 29 sites 
sampled by seining only. This one variable produced an r% of 0.2695 (F = 9.96; 
P > F =0.0039). The regression models developed are summarized in Table 17. 

Discussion 

One of the justifications for the development of HSI models is to stand
ardize the method used to predict impacts. Standardization can have both 
positive and negative effects. A loss of credibility can occur when individual 
biologists make conflicting recommendations (Lockard 1979),while standardiza
tion of impact predictions can increase credibil ity. However, if specific 
models are widely used and later proven invalid, the credibility of the 
predictions becomes even lower. Therefore, HSI models should be developed 
slowly and frequently tested. The individual suitability index curves 
developed from the Kansas data were generally similar to those developed from 
literature surveys. This similarity seems to support the approach used in 
SUitability index curve development. 

Presence-absence model s. Presence-absence model s developed through the 
use of discriminant analysis appear to be useful in predicting whether or not 
a species can occur in a specific area. These models may be of value in pre
dicting situations where the loss of a species from a habitat will result from 
man-induced alterations. Similar models, based on data for life stages other 
than the adult, would probably reduce the number of model misclassifications. 

Discriminant analysis models contained in this report compute the prob
ability of a species belonging to one group or the other (absent or present). 
A probability of 0.5 or greater places a site in the presence group, while 
sites with probabilities of less than 0.5 are placed in the absence group. If 
habitat variables are assumed to be "pu1sing l

'. the closer a value gets to 0.5, 
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Table 17. Results of stepwise multiple regression analyses of the variation in green sunfish 
standing crop by collection method. 

Method of collection N r2 F PROB > F Variables	 F PROB > F 

Ma rk and recap tu re .... i th 107 . 11.1 5.86 .0011 Secchl disc 5.59 .0199 
a fl na I kill Maxilllum .... Idth 12.05 .0088 

Velocity 2.26 .1355 

Kil I without mark and 48 . 1" 3.69 .0329 Maximum width 3.81 .0572 
recapture pll 3.23 .0782 

Mark and recapture .... Ith 154 .07 6.48 .0020 Maximum width 10.15 .0017 
a fi na I kill technique pH 1. 65 .2014 
(combined with kill 
Stat ions I 

N 
N Ma rk and recapture wi th 21 .15 1. 79 .1942 Sccchl disc 1. 16 .2955
0 seining and shocking Mean depth 2.57 .1252 

seining and shocking 14 .50 5.61.1 .0206	 Phospha tes 10.66 .0075 
pH 3.31 .0962 

Mark and recapture with 7 .54 2.37 .2096 Secchl disc 4.71 .0958 
shocking Maximum width 2.17 .2151 

Hark and recapture with 37 .16 3.36 .0467 Secchi disc 3.03 .0910 
seining Maximum width 

Seining 29 .26 9.96 .0039	 Maximum .... Idth 

•
 



• moving from 1.0, the greater the probability that the environmental variables 
frequently fluctuate out of the range suitable for the species concerned. In 
other words, habitats classified as marginal or close to marginal, but greater 
than 0.5, may, in reality, be uninhabitable by the species. 

The use of statistically-derived presence-absence and suitability models 
to determine habitat value may be useful in evaluating overall habitat suit
ability for a species. The results of tests of these models are provided in 
the last section of this report. 

• 

Suitability index curves. It appears that most suitability index curves 
derived from the literature closely approximate curves developed from large 
scale field surveys, such as the Kansas data set. Therefore, it may be 
possible to develop relationships between a parameter for which field data are 
lacking and habitat suitability for a particular species of fish. The develop
ment of suitability index curves for various habitat parameters is possible, 
but the synthesis of the individual sUitability indices, as attempted in the 
tested model, is currently impossible. At the present time, SI curves based 
on quantitative data can be a significant tool for use in determining impacts, 
even though valid numerical models do not exist. Because limiting factors 
vary from one location to the next (as noted for species with broad niches), 
the best approach to impact assessment may be determining suitability indices 
for as many variables as possible and subjectively arriving at a prediction 
about the impact on a species based on knowledge of species-habitat 
relationships . 

Standing crop models. Sampling technique had a significant effect on 
data analysis. No significant correlations resulted when data from all sites 
where a species occurred were grouped in stepwise regression analyses. Signif
icant correlations were obtained when the data set was separated according to 
samp 1e me thod . 

No consistent guidelines were followed in determining the appropriate 
sampling method for each site; however, it is likely that seining was not used 
in areas with uneven substrates. Consequently, while some variation in the 
sampling technique used probably was related to equipment availability, the 
use of some sampling techniques may have been limited to a particular habitat 
type. These sampling constraints explain, at least partially, why different 
variables assume importance with the different sampling techniques. However, 
it is also possible that different variables are limiting in different habitat 
types. When the data were categorized on the basis of sampling technique, the 
potential number of variables affecting the equation for a given species 
standing crop was reduc,ed and signi ficant regressions were obtained. It may 
be necessary to restrict modeling attempts to limited geographical areas to 
increase the probability of a few factors being limiting for species that 
utilize several dissimilar habitat types over a wide geographic area. 

The probability of accurately modeling habitat suitability is greatly 
enhanced for species with a restricted set of environmental conditions under 
which they can exist. Even though a species occurs over a wide geographic 

• 
area, modeling is more likely to be successful if the habitats it occupies are 
similar in terms of the variables that influence suitabil ity. expressed as 
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standing crop. Spotted bass and slenderhead darters may represent two species 
for which valid quantitative models can be constructed because of the rather 
homogeneous habitat occupied by each species. 

Channel catfish, white crappie, largemouth bass, and green sunfish repre
sent species that occupy habitats with more variability in terms of physical 
and chemical characteristics. Consequently, the number of limiting factors 
over all of the occup i ed range is much greater than the number for spec i es 
with narrower niches. Consequently, the approach of quantitatively modeling 
habitat suitabi 1ity will probably produce good results for some species and 
poor results for others, depending on the overall niche breadth of the species. 
This hypothesis needs further testing, and a way to determine overall niche 
breadths of species on a comparative basis is needed. 

2Test results for habitat suitability index models. Large, signifrcant r 
values between an HSI based on adult life stage requirements and standing crop 
estimates did not result for the HSI defined as the geometric mean of suit 
ability indices derived from the graphs presented in Appendix A. This observa
tion was also tested by multiple regression analysis for all geographical 
areas to increase the probability of only a few factors actually being 
limiting. 

If a species has a more restricted set of environmental conditions under 
which it can exist, the possibility of accurately modeling habitat suitability 
would be greater. Models developed through regression analyses must be used 
as a habitat quality predictor in their complete form. 

Based on the results of this study, it is recommended that the formula 

HSI = [(11)n (12)n (Ix)nJ 1/N be used only as a rough approximation of 

habitat suitability. The data do indicate that the tested curves have utility 
and appear to adequately describe habitat SUitability for individual variables. 

Species Suitability Index Curves for Individual Species 

The U.S. Fish and Wildlife Service has developed habitat suitability 
index models for individual species that contain suitability index curves for 
parameters believed to be important in describing habitat suitability. The 
following discussion compares draft and published suitability index curves to 
the curves Layher (1983) developed from field data from the Kansas stream 
surveys. 

Spotted bass suitability index curves. Test results from this study 
suggest that the draft SUitability index curve for substrate (Appendix A) is 
correct if the percent of sites where a major substrate type occurs is used as 
a qual ifi er for habitat sui tabil ity. However, the greater occurrence of 
gravel, rubble, and bedrock in sites where spotted bass were sampled, compared 
to percent of occurrence by substrate type at all sites sampled, indicate that 
these substrate types should receive higher SUitability values than indicated. 
Because several types of substrate can occur together, it may be more appro
priate to develop suitabil ity indices for each substrate type based on its 
percent composition. 
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The water temperature curve was almost exactly the same as the curve 
developed from the Kansas field data. 

Green sunfish suitability index curves. A substrate curve was not 
developed in this study for the green sunfish because quantitative data were 
lacking. Substrates were divided into five categories in the Kansas stream 
surveys: silt; sand; gravel; cobble; and bedrock. No di stinction was made 
between silt and mud substrates, and no data were available on the amount of 
rooted vegetation present. However, the substrate SI curve for green sunfish 
(Stuber et al. 1982a) was similar in shape to the plotted data for frequency 
of occurrence vs. substrates present for green sunfish from the Kansas survey. 
No modifications are recommended for this curve. 

Water temperature data from the Kansas stream survey for green sunfi sh 
were not suitable for curve development. Several streams were sampled during 
cold weather months, and these nonsummer measurements (increments 0° C to 
< 50 C and 5° C to < 100 C) can be di sregarded. The optimal temperature 
conditions appear to be between 20 and 30° C. Consequently, the adult and 
juvenile green sunfish temperature curve (V 7 ) may need to be shifted approx

imately 50 C toward the origin on the graph. 

The velocity curve for green sunfish indicates an optimum velocity of 
approximately a to 5 em/sec. The data from the Kansas stream survey indicates 
a much greater range, extending to average velocities of 50 cm/sec. Three 
hundred sixty-seven observations were made at average velocities of less than 
100 cm/sec. Only ten observations were above 100 cm/sec. These high veloc
ities, however, probably represent areas with some protected habitat. Green 
sunfish apparently can occur at fairly high average velocities. If this 
interpretation of the data is correct, the suitability index curve (V 11 ) for 

average current velocity within pools may need to be redefined as average 
stream velocity and extended to the right, with the optimal velocity range at 
approximately 40 cm/sec and the upper 1imit at approximately 100 cm/sec. It 
is important to remember that these data relate only to average stream velocity 
and not the velocity in the microhabitat occupied by the fish. Therefore, the 
curve is expected to indicate suitability over a greater range of velocities 
than would curves based on more localized measurements. 

Largemouth bass suitability index curves. No modifications are recom
mended in the dissolved oxygen suitability index curve (V,) for the largemouth 

bass (Stuber et a1. 1982b). The dissolved oxygen curve derived from the 
Kansas data indicates that high standing crops of this species can occur at 
dissolved oxygen levels as low as approximately 6 ppm. However, extreme 
variation in standing crop values for largemouth bass occurred above 6 ppm, 
indicating that factors other than dissolved oxygen may be limiting this 
species in many Kansas streams. No data were available to evaluate the 
salinity curve. However, variables possibly related to salinity, such as 
conductivity and chlorides, had an inverse relationship with average standing 
crop . 
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Quantitative data for substrate were lacking in the Kansas data set 
utilized in this analysis (see Discussion - Green Sunfish Curves). However, • 
plots of substrate occurrence vs. largemouth bass occurrence supported the 
curve (V 1S ) presented by Stuber et al. (1982b). 

The temperature curve (Va) in the published largemouth bass model agreed 

with the curve derived from the Kansas data. Optimal range, as well as the 
entire range, for the graph coincided well with the field data, and no modifi
cations are recommended in this curve. 

The suitability index graph for turbidity (V ll ) indicates an optimal 

turbidity range up to approximately 25 ppm, with a gradual decline in suit
ability up to 100 ppm, and the habitat given a constant rating for turbidities 
greater than 100 ppm. Field data analyzed in this report indicate an optimal 
range to 30 JTU's, with a sharp decline in habitat suitability after that 
point. However, largemouth bass were found where the turbidity was as high as 
555 JTU's. In general, the field data suggest very low habitat suitabilities 
at turbidities above 140 JTU's (see Results - Largemouth Bass). 

The velocity curve for adult and juvenile largemouth bass (V 13 ) indicates 

that velocities s 6 cmlsec are optimum. F.ield data from the Kansas stream 
surveys suggest that this optimum range could be extended to almost 25 cm/sec. 
The data for VB may include some microhabitat measurements and, therefore, 

not accurately reflect average velocities recorded at stream sites. The • 
general shape of the curve is supported, but the curve probably should be 
shifted to the right. 

White crappie suitability index curves. When the frequency of occurrence 
of white crappie vs. substrate data from the Kansas stream survey were plotted 
(Layher 1983), there was little difference in substrate preference, although 
species occurrence over sand and bedrock were approximately one-hal f of the 
occurrence over silt (mud), gravel, and rubble. 

The water temperature suitability index curve (V,) in Edwards et al. 

(1982) was almost precisely the same as the curve developed from the Kansas 
field data. Consequently, no modifications are recommended in the water 
temperature SI curve. 

Channel catfish suitability index curve. The ascending limb of the water 
temperature 51 curve (V s ) in the channel catfish model (McMahon and Terrell 

1982) is similar to the curve developed from the Kansas field data. However, 
the temperature range of 35 to 40° C reflects a single observation in the 
Kansas stream survey. The standing crop for the temperature interval 
immediately preceding the 35 to 40° C interval is lower than the standing crop 
in the intervals on either side. Therefore, it appears that the curve for Vs 

should turn downward near 30° C, instead of continuing upward as shown in 
Layher (1983). No modifications are recommended for Vs . The turbidity 51 
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curve (V 7 ) indicates an optimal turbidity range that extends to approximately 

120 ppm. The curve developed from the Kansas field data indicates an optimal 
range of 0 to 30 JTU's, followed by a rather sharp drop in suitability. The 
curves cannot be directly compared because they were developed from different 
types of turbidity analyses. The field data does, however, seem to indicate a 
more abrupt change in habitat suitability for this species with increases in 
turbidity than indicated by the published curve. However, there is a wide 
range of turbidity tol~rance. 

The dissolved oxygen SI curve (VI) appears to match the Kansas field data 

quite well, and no curve modifications are recommended. 

Salinity measurements were not recorded during the Kansas stream surveys; 
therefore, it is not possible to evaluate this curve (V,). An SI curve for 

conductivity was developed from the Kansas field data, however, and an inverse 
relationship was evident between channel catfish mean standing crop and 
conductivity values over 1500 pmhos/sec. 

FIELD TEST OF STATISTICAL MODELS 

In order to further test the ability of the regression models to predict 
standi ng crop, the di scrimi nant models to predi ct presence and absence, and 
the relationship between abiotic factors and fish populations over a wide 
geographical area, data were collected at 50 stream sites in Oklahoma 
(Table 18). Initially, we attempted to use complete kill techniques because 
the Kansas data indicated that complete kill techniques (cyanide) gave more 
reliable results than nonkill techniques. However, cyanide was not cleared 
for use in Oklahoma and in preliminary tests rotenone (Marking and Bills 1976) 
and primacord (Layher 1981) were found to be inefficient. Consequently, 
population estimates at each site were made using the depletion method (Carle 
and Maughan 1980) and the maximum likelihood estimator (Carle and Strubb 
1978). We followed the procedures outlined by Raleigh and Short (1981) to 
allow us to meet the assumptions of this sampling technique. 

The field procedures for use of this technique were as follows: a 
30-meter section of stream was blocked upstream and downstream with 1/4-inch 
mesh net. In soft substrates, metal fence posts were driven through loops in 
the lead line to ensure blockage. In sites with hard substrates, large rocks 
were placed on the lead line. Fish were collected from each site using a boat 
mounted DC el ectrofi shi ng unit composed of a generator, vari abl e vol tage 
pul sator (Coffelt Moder VVP-2C), and two hand held, remote electrodes. The 
cathode was imbedded in the boat bottom. One complete pass through the site' 
constituted a sampling effort. The procedure was repeated until depletions of 
all species were made. The number of passes made through a site varied from a 
minimum of three to a maximum of seven. If a species was extremely abundant, 
each 25 mm length group was treated as a separate unit for analysis of numbers 
but recombined to obtain biomass estimates. Average weights were then deter
mined for each species or group in the collection. To obtain the biomass 
estimate for the site, the number of fish estimated to be in the sample area 
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Table 18. Locations, dates, and names of stream sites sampled in 
Oklahoma. Site numbers depict order of sampling and are used for 
reference. • 

Site Location Date sampled Stream name and county 

1 
2 

SE1/4,S10,T19N,R1E 
SW1/4,S23,T19N,R4E 

6-01-1981 
6-08-1981 

Stillwater Creek, Payne 
Council Creek, Payne 

3 SW1/4,S32,T18N,R2E 6-09-1981 Wildhorse Creek, Payne 
4 NE1/4,S16,T22N,R19W 6-10-1981 North Canadian River, Woodward 
5 
6 

NE1/4,S16,T24N,R22W 
NW1/4,S30,T25N,R25W 

6-10-1981 
6-11-1981 

Wolf Creek, Woodward 
Clear Creek, Harper 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

NE1/4,S9,T26N,R25W 
NE1/4,S15,T26N.R26W 
SW1/4,S10,T18N,R2W 
SE1/4,S8,T18N,R3W 
NW1/4,S28,T16N,R1W 
NE1/4.S17,TI5N,R3W 
SWl/4,S26,T22N,RIE 
NEl/4,SI3,T27N,R22W 
SE1/4,SI4,T26N,R14W 
SEl/4,S26,T26N,R14W 
NWl/4,SI4,T23N,RIE 
SWl/4,SI8,T28N,R9W 
NWl/4,SI4,T27N,R11W 
NE1/4,S5,T20N,R5W 
NE1/4,S27,T28N,RIW 
SEl/4,S27,T27N,R6W 
NWl/4,S31,T28N,R5E 
SE1/4.S24,T28N,R6E 
NWl/4,S2,T26N,R6E 
SW1/4,SI9,T23N,R7E 
SEl/4,S7,T25N,R6E 
SW1/4,S36,T25N,R4E 
NW1/4.S5,T23N,R6E 
NEl/4,S29,T22N,R4E 
SW1/4,S33.T22N·,R5E 
NEl/4,S12,T21N,R5E 
SEl/4,SI,T21N,R6E 
NE1/4,S25,T23N,R6E 
SE1/4,S27,T23N,R7E 
SE1/4,S26,T27N,R17E 
SWl/4,S8,T26N,RI6E 
NEl/4,S6,T27N,R13E 
NEl/4,S4,T23N,R12E 
SE1/4,SI2,T23N,R11E 

6-11-1981 
6-11-1981 
6-16-1981 
6-17-1981 
6-18-1981 
6-19-1981 
6-22-1981 
6-24-1981 
6-25-1981 
6-25-1981 
6-26-1981 
7-02-1981 
7-02-1981 
7-06-1981 
7-07-1981 
7-08-1981 
7-09-1981 
7-09-1981 
7-13-1981 
7-14-1981 
7-16-1981 
7-16-1981 
7-17-1981 
7-21-1981 
7-22-1981 
7-22-1981 
7-23-1981 
7-23-1981 
7-24-1981 
7-28-1981 
7-29-1981 
7-29-1981 
8-04-1981 
8-04-1981 

Beaver River, Harper 
Kiowa Creek, Harper 
Beaver Creek, Logan 
Skeleton Creek, Logan 
Bear Creek, Logan 
Cottonwood Creek, Logan 
Black Bear Creek, Noble 
Buffalo Creek, Harper 
Little Eagle Chief Creek, Woods 
Eagle Ch1ef Creek, Woods 
Red Rock Creek, Noble 
Sandy Creek, Alfalfa 
Salt Fork of the Arkansas, Alfalfa 
Skeleton Creek. Garfield 
Bitter Creek, Kay 
Pond Creek, Grant 
Little Beaver Creek, Kay 
Elm Creek, Osage 
Salt Creek, Osage 
Salt Creek, Osage 
Little Chief Creek, Osage 
Doga Creek, Osage 
Gray Horse Creek, Osage 
Black Bear Creek, Pawnee 
Black Bear Creek, Pawnee 
Camp Creek, Pawnee 
Hell Roaring Creek, Pawnee 
Sycamore Creek, Osage 
Bug Creek, Osage 
Big Creek, Nowata 
California Creek, Nowata 
Little Caney River, Washington 
Candy Creek, Osage 
Bird Creek, Osage 

• 
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• Table 18. (concluded) 

Site Location Date sampled Stream name and county 

41 NW1/4,S21,T24N,R10E 
42 SE1/4,S29,T23N,R9E 
43 SE1/4,S29,T23N,R9E 
44 SE1/4,S32,T22N,R10E 
45 SW1/4,S34,T22N,R11E 
46 SW1/4,S16,T25N,R13E 
47 NE1/4,S35,T24N,R20E 
48 SW1/4,S35,T24N,R20E 
49 NE1/4,S23,T23N,R19E 
50 SW1/4,S13,T26N,R5E 

8-05-1981 
8-06-1981 
8-06-1981 
8-10-1981 
8-10-1981 
8-11-1981 
8-12-1981 
8-12-1981 
8-13-1981 
8-18-1981 

Birch Creek, Osage 
Hominy Creek, Osage 
Hominy Creek, Osage 
Wildhorse Creek, Osage 
Tall Chief Creek, Osage 
Caney River, Washington 
Big Cabin Creek, Craig 
Big Cabin Creek. Craig 
Rock Creek. Mayes 
Salt Creek, Osage 

•
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minus the number collected was multiplied by the average weight of the fish in • 
the group that had been collected. This biomass was then added to the biomass 
of the collected group and converted to kg/ha. 

Larger fish were measured and weighed to the nearest gram with an accuracy 
of ±2 grams. Smaller fish, such as sunfishes, were batch weighed as a group 
(25 mm length groups). Cyprinids and darters were batch weighed, transferred 
to the lab, correctly identified to species, and weighed to the nearest 
0.1 gram. The weights recorded in the lab were then converted to a percent of 
the weight of the total group and the biomass of each species determined from 
its percentage of the group weight. All fish whose weight could be determined 
in the field were released after depletion sampling was completed. After fish 
populations were sampled, the block nets were removed. 

Stream width measurements (m) were made near the end of each site and 
midway between the location of the block nets. Depth (cm) was measured with a 
metric wading rod at one meter intervals across the stream. Current velocity 
(cm/s) was also measured with a pygmy current meter at one meter intervals at 
0.6 of the depth from the water surface. Finally, substrate was classified 
and coded at each meter i nterva 1 accordi ng to a modifi ed Wentworth scale 
(Bovee and Cochnauer 1977). Depth was converted to meters and velocity to 
meters per second. An average depth was determi ned for the site by fi ndi ng 
the mean of all three transect measurements. A mean velocity was computed in 
a similar manner. Substrate was recorded by percentage and the stream segment 
divided into a percent pools, riffles, and runs combination. The percent 
pools was determined by computing the percent of current readings which yielded • 
a 0 cm/s reading. Riffle percents were determined by estimating the percent 
of the site with projecting substrate above the water surface or with turbulent 
flow. The percent runs was that portion of the site with currents greater 
than 0 cm/s but no apparent turbulence. Maximum and minimum stream widths (m) 
within the sampling area were also determined. 

EPA-approved Hach meters were used to determine water temperature (C 0), 
conductivity (~mhos/cm), total dissolved solids (mg/l), dissolved oxygen 
(mg/l), and pH in the field. Water samples for in-lab analyses were taken in 
acid washed polypropylene bottles and acidified to a pH of 2. Bottles were 
transported on ice and the pH increased to about 7 before analysis. Analyses 
of soluble reactive phosphorus (SRP) and nitrate (N03-N) were done using 
methods outl ined by Strickland and Parsons (1968). EPA standard reference 
solutions were used to validate the methods each time samples were processed. 
Chlorides, sulfates, total hardness, calcium hardness, magnesium hardness, 
total alkalinity, and turbidity were all determined with a Hach DR-EL/2 Direct 
Reading Engineers Laboratory Kit. Boyd (1976, 1977, 1980) has determined that 
the reliability of such units are adequate for general surveys of water 
quality, fisheries management decisions, and research reqUiring only approx
imate data on water quality. 

Gradients (m/km) for each site were determined from U.S. Geological 
Survey (1969) topographic maps. Growing season (frost-free days) was deter
mined from maps in Hambridge and Drown (1941). Runoff (in/yr) values were 
obtained from climatological maps (Oklahoma State University 1979). 
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Species Occurrence 

The model developed from the Kansas stream survey data using the SAS PROC 
OISCRIM procedures was used to classify each stream site in Oklahoma to deter
mine if species presence or absence could be predicted using the discriminate 
analysis model based on data for Kansas physical and chemical stream attributes 
and species occurrence. A discriminate analysis 
species using Oklahoma data for the same physical 
measured for the Kansas data set. 

was also 
and 

performed 
chemical 

for 
vari

each 
ables 

Species Biomass Predictions 

The suitability index curves developed from the Kansas stream survey data 
(Layher 1983) were used to assign indices for each variable measured at each 
site in Oklahoma. Regression equations developed from Kansas data (Appendix B) 
were used to predict biomass for each species at the Oklahoma sample sites. 
Pearson and Spearman correlation coefficients were then calculated between 
observed and predicted biomass for each species to eval uate the ac:uracy of 
these predictions. New regression equations were then developed for the 
Oklahoma data to determine whether or not the curves developed from Kansas 
data generated SI' s that could be used to develop a regression equation to 
explain variation in standing crops in Oklahoma streams. This approach allowed 
a determi nat i on of whether or not there was any i ndi cat i on that the same 
variables limited fish populations in Oklahoma and Kansas streams. 

Results 

Spotted bass. When the discriminant model developed from the Kansas data 
was used, 14 sites were misclassified from absence into presence. Twenty-two 
sites where the species was not found were correctly classified. Only five of 
14 sites where the species was found were correctly classified. A discriminant 
analysis was also performed on the Oklahoma data using the same variables that 
were used in the Kansas analysis. Only one site of the 50 was misclassified. 

A significant correlation between predicted and observed standing crops 
was not found in the Oklahoma data when the regression model developed from 
Kansas data was applied. However, assigning suitability indices from the 
curves developed with the Kansas data and performing a stepwise regression 
analysis resulted in a significant model. The following variables, when added 
to the model in the order given, produced the r% value and significance level 
given in parentheses: turbidity (0.29; 0.0465); mean depth (0.49; 0.0235); 
minimum width (0.53; 0.0456); mean width (0.69; 0.0198); pH (0.84; 0.0054); 
percent riffles (0.87; q.0076); and water temperature (0.87; 0.0236). 

Slenderhead darter. When the discriminant model developed from the 
Kansas data was used, a total of 37 sites where slenderhead darters were not 
found were properly classified. Two sites were misclassified from absence 
into the presence group. However, 81.9% of the sites where slenderhead darters 
occurred were misclassified into the absence group. When a discriminant 
analysis was performed on the Oklahoma data using the same physical and 
chemical variables that were used in the Kansas analysis, only one of the 50 
sites was misclassified. This site (number 36; Big Creek, Nowata County) is 
within the range of the species in Oklahoma but no slenderhead darters were 
captured at this location. 
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A significant correlation was not obtained between predicted and observed 
standing crops of slenderhead darters when the regression model based on the 
Kansas data was applied. However, when suitability indices were assigned for 
each variable using the curves developed from the Kansas data, stepwise 
regression analysis resulted in a significant model. The model was based on 
11 sites where the species occurred. Three variables produced a r% of 0.79 
with a significance level of 0.0197. Variables included in the model were 
maximum width, mean depth, and phosphates. The addition of total alkalinity 
increased the r% to 0.86, but the significance of the model changed to 0.0249. 
The further addition of water temperature to the model increased the r 2 to 
0.996 with a significance level of 0.0001. 

Orangethroat darter. The discriminant model developed from the Kansas 
data incorrectly placed 25 of 38 sites into the presence group. Of the 12 
remaining sites, seven were properly placed in the presence group. 

When a discriminant analysis was performed on the Oklahoma data using the 
same physical and chemical variables that were used in the Kansas analysis, 
all but one site was correctly classified. This site (number 34, Sycamore 
Creek in Osage County) was misclassified into the presence group. 

No s i gnifi cant corre1at ion s were found between predi cted and observed 
standing crops using regression equations and SI graphs developed from Kansas 
data. However, when a new stepwi se regressi on ana lys is was performed, us i ng 
the same Sl l s derived from the original Kansas data base SI graphs, significant 
regression models were obtained. Three variables explained 75% of the varia
tion in standing crop. The significance level of the regression model was 
0.0090. Variables, in order of importance in explaining variation, were 
percent runs, gradient, and runoff. The addition of mean depth increased the 
r% to 0.84; the addition of conductivity increased the r 2 to 0.88. In both 
cases, the significance level was less than 0.01. Additional variables 
increased the r 2 value without a reduction in model significance. 

Central stoneroller. Poor results were obtained using the discriminant 
model derived from the Kansas data. Thirty-four sites were misclassified into 
the presence group. Three sites were misclassified into the absence group. 
Ten sites where the central stoneroller did not occur were classified correctly 
while three sites where the species did occur were classified correctly. 

The discriminant model developed from the Oklahoma data for the same 
physical and chemical variables used in the Kansas analysis misclassif1ed five 
sites from the absence into the presence group. All six sites where the 
species actually occurred were properly classified. 

No significant correlations were obtained between predicted and observed 
standing crops of central stonerollers using the regression model developed 
from the Kansas data. However, assigning suitability values for stream 
characteristics using the SI graphs developed from the Kansas data and 
performing a stepwise regression analysis resulted in a regression equation 
with an r 2 of 0.60 with a significance level of 0.06. The most important 
variable in explaining standing crop was mean depth. Maximum width and water 
temperature increased the r 2 to 0.99 with a significance level of 0.007. 
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• Channel catfish. The discriminant model based on the Kansas data 
misclassified nine of 27 sites where the species was not found. Eighteen of 
23 sites where the species was found were also misclassified. 

The discriminant model based on the Oklahoma data misclassified seven of 
27 sites where the species was not found. Four of 19 sites where the species 
did occur were also misclassified. 

The regression equation developed from the Kansas survey sites, based on 
samples taken with a mark and recapture technique with a total kill for 
recapture, showed a significant correlation between predicted and observed 
biomass values for the Oklahoma sites. The Pearson correlation coefficient 
was 0.52 with a significance level of 0.0107. The N value was 23. 

Assigning suitability indices for each physical and chemical stream 
attribute for each Oklahoma site and performing a stepwise regression analysis 
also produced a significant biomass model. The r Z obtained with 10 variables 
was 0.74 with a significance level of 0.0386. The variable, percent riffle, 
produced an r Z of 0.48 with a level of significance of 0.0003. Other 
variables, in order of importance, were conductivity, turbidity, gradient, pH, 
total dissolved solids, dissolved oxygen, sulfates, percent pools, and runoff. 

• 
Largemouth bass. The discriminant model based on the Kansas data 

correctly classified 13 of 19 sites where the species was not found. Twenty 
of 31 sites where the species occurred were also correctly classified. 

The discriminant model based on the Oklahoma data misclassified only two 
of 19 sites where the species was not found. Six of 31 sites were misclassi
fied into the absence group. Approximately 84% of the sites were correctly 
c1ass if i ed . 

Two significant Spearman correlation coefficients occurred between 
predicted and observed standing crops of largemouth bass using the regression 
equation developed from the Kansas data. A.correlation of 0.4237, significant 
at the 0.0175 level, occurred for predictions generated by the equation based 
on mark and recapture utilizing a final kill technique. The regression 
equation developed from mark and recapture data utilizing seining followed by 
shocking also predicted standing crops that were significantly correlated to 
observed standing crops in Oklahoma streams. The correlation coefficient for 
this relationship was 0.4828 with a significance level of 0.0059. The N value 
in both cases was 31. 

Utilizing suitability curves developed from the Kansas data to assign 
suitabi 1ity index values to Oklahoma sites and performi ng a new stepwi se 
regression analysis produced an r Z of 0.60 with a significance level of 0.005. 
Variables entered into the model were mean depth, total alkalinity, water 
tempe ra ture, dis so 1ved oxygen, tota 1 di sso 1ved so1ids, .turbi di ty , pe rcent 
runs, velocity, and gradient. 
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White crappie. The discriminant model based on the Kansas data misclassi- • 
fied 26 of 34 sample sites where the species was not found. Seven of nine 
sites where the species was found were also misclassified. 

The discriminant model based on the Oklahoma data resulted in 17 
misclassifications. Sixteen sites were incorrectly placed in the presence 
group. One of 16 sites where the species did occur was placed in the absence 
group. 

A significant Pearson correlation coefficient (0.5191, significance level 
of 0.0393) occurred between predi cted and observed standi ng crops of whi te 
crappie where the predicted value was computed by a regression equation derived 
from total kill stations in Kansas (N = 16). 

Four variables produced an r 2 of 0.31 when a stepwise regression analysis 
was performed to explain standing crop of white crappie based on sUitability 
indices at Oklahoma sites. The model, however, was not signifjcant below the 
0.05 level. Mean width alone produced an r 2 of 0.27 and was significant at 
the 0.0393 level. Addition of other variables also produced nonsignificant 
(p > 0.05) models. 

Green sunfish. The discriminant model based on the Kansas data misclassi
fied two of three sites where green sunfish were not·found. Seven of 47 sites 
where green sunfish were found were incorrectly classified as belonging to the 
absence group. 

The discriminant model based on the Oklahoma data correctly classified • 
all three of the sites where green sunfish were not found. However, eight of 
47 sites where the species did occur were misclassified. 

When regression equations developed for this species from the Kansas 
stream survey data were used to predict standing crop, no significant Pearson 
or Spearman correlation coefficients were obtained. No significant standing 
crop models could be developed from a stepwise regression analysis of the 
Oklahoma data set. 

Discussion 

Discriminant analysis results. The ability to use discriminant analysis 
to confidently predict the probability of presence (or absence) of a species 
has several potential applications. One possible use is to predict effects on 
fish when alterations in physical and chemical habitats have occurred or are 
anticipated. Another potential use is in the determination of whether or not 
a particular stream can support the introduction of a species. For example, 
the deci si on between managi ng for put-and-take fi sheri es or se If-sustai ni ng 
populations can be aided with such models. 

The discriminant model for predicting presence or absence of spotted bass 
developed from the Kansas data set showed high reliability when applied to the 
original data set; 19 of 21 misclassifications were readily explainable. 
However, when the same model was used to predict presence or absence in an 
Oklahoma data set, many misclassifications resulted. Consequently, it seems •232 



• that these models are reliable only over a limited geographical area. However, 
even though the model based on the Kansas data showed low reliability when 
applied to Oklahoma streams, a discriminant analysis on the Oklahoma data set 
based on the same variables that were important in Kansas streams resulted in 
a model that classified all but one of the stream sites correctly. Identical 
results occurred for slenderhead darters, and similar results were obtained 
for orangethroat darters. . 

These results lead to several conclusions: (1) building reliable models 
may be a possibility only over small, relatively homogeneous geographical 
areas; (2) as application of the model is expanded to larger geographical 
areas, the possibility of encountering additional limiting variables is 
increased. Consequently, tolerance limits for a species for a given variable 
may not be exceeded at one location but may be at another. Such a situation 
would result in the need for more or different variables to develop a model in 
each area. The addition of more variables, in turn, would necessitate that 
the synergistic effects of variables be addressed. Therefore, the limits of 
the geographi ca 1 area to be i nc1 uded in the development of a di scri mi nant 
analysis model should be a function of the homogeneity of the area considered. 
It remains to be tested whether or not the Kansas data set and the Oklahoma 
data set can accurately predict presence or absence of the selected species at 
new stream sites in the geographical areas where the original data were 
collected. 

• 
Accuracy of discriminant models in predicting presence of a species in 

the Kansas data set was low for central stonero11er, channel catfish, large
mouth bass, green sunfiSh, and white crappie. When the models derived from 
the Kansas data were applied to an Oklahoma data set, an even greater percent
age of misc1assifications occurred. These results might indicate that the 
occurrence of some species is governed by the abiotic environment and others 
by the bi ot i c envi ronment. The ana lyses performed in thi s study di sregarded 
the possibility of biological controls. 

In general, discriminant models developed solely from the Oklahoma data 
set produced better predictions when applied to Oklahoma data than did similar 
model s developed from the Kansas data set when app1 ied to the Kansas data. 
This improved reliability may have resulted from greater consistency in how 
the Oklahoma data were collected. Data from Kansas were based on a variety of 
sampling techniques and field crews, whereas the Oklahoma data was collected 
with only one technique by a single field crew. 

Suitability index curves. Originally, suitability index curves for five 
of the species were based on information in the literature relating physical 
and chemical variables to habitat quality (Gebhart et al. 1980). Most curves 
developed from the Kansas data set closely approximated these original curves 
for spotted bass (water temperature); green sunfish (water temperature); 
largemouth bass (dissolved oxygen, water temperature, turbidity, and velocity); 
and white crappie (water temperature). Draft curves developed by other authors 
from information contained in the literature for channel catfish also closely 
matched curves developed from the Kansas data (water temperature, turbidity, 
and dissolved oxygen) . 
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The repeatability of these curves intuitively suggests that they may • 
accurately describe habitat suitability along a single axis. Theoretically, 
if a single habitat dimension is modified, the effect on the fish population 
can be predicted from the suitability curve. However, such a relationship may 
seldom occur because changes in one parameter often results in changes in 
other parameters (Orth 1980). 

Biomass models. Low biomass predictability was obtained when regression 
equations to aggregate S1l s derived from graphs developed from the Kansas data 
were used to predict biomass in Oklahoma. However, when the same suitability 
indices were assigned to Oklahoma stream parameters at each site, a new 
regression analysis produced highly significant equations (also high r 2 values) 
for predi ct i ng standi ng crop for spotted bass, s 1enderhead darters, orange
throat darters, and central stonerollers. Results were also significant for 
largemouth bass and white crappie but the r 2 values were lower, 0.60 and 0.31, 
respectively. Data on green sunfish produced no significant relationships. 

The variables that produced the significant regression models for species 
biomass differed between the Kansas and Oklahoma data sets. These differences 
suggest that 1imiting factors may vary from one stream to another and even 
within locations on the same stream. However, the statistical analyses suggest 
that, in plains streams, much of the biomass is controlled by abiotic factors 
and that the S1 curves developed actually reflect habitat suitability. 
Application of the curves to delineate limiting conditions to fish populations 
in individual streams may provide a useful tool to aquatic resource managers. 

The Oklahoma data confirms the previous conclusion that it is easier to • 
mode 1 habitat suitabi 1ity for those speci es with restri cted hab i tat requi re
ments. Spotted bass and slenderhead darters are two examples of species with 
restricted habitat requirements for which the models showed relatively high 
reliability. Some of the other species investigated (channel catfish, white 
crappie, largemouth bass, and green sunfish) have broader physical and chemical 
tolerances, and the models had reduced reliability. We believe that the 
difference in the predictive power of the models is related to the number of 
aggregate factors that can 1imit a species. This hypothesis needs further 
testing and a comparative way to determine overall species niche breadth along 
multiple dimensions. 

The data demonstrate a standard approach to developing S1 curves but no 
way to develop actual numerical models for aggregating SIl s into an HSI. We 
believe that, even without aggregation models, S1 curves based on quantitative 
data may be a strong aid in determining impacts. However, because limiting 
factors can vary from one location to the next (as noted for species with 
broad niches), the best approach may be one of determining SIl s for as many 
variables as possible and intuitively predicting the impact due to changes in 
all of the variables. 

Another approach to predicting postproject impacts is to collect stream 
characteristic and fish population data at a number of sites on the potentially 
impacted stream. This restriction of area should reduce the number of limiting 
factors affecting the populations and allow high predictability of biomass. 
Factors most limiting, or at least factors closely associated with those that 
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• are limiting, would also be identified. By using values for variables that 
are expected after project completion, the effect on the fish population can 
be assessed. This approach requires intensive data collection for each 
project; however, the use of previously developed suitability index curves to 
assign indices greatly reduces the number of sample sites needed to develop 
predictive models based on empirical formulas. The identification of these 
limiting factors may make species management and habitat enhancement possible. 
In addition, identification of limiting factors may aid in planning development 
projects to enhance the potential for supporting desirable fish populations. 

SUMMARY AND CONCLUSIONS 

Variables useful in predicting presence and absence of individual species 
differed between Kansas streams and Oklahoma streams. Consequently. it appears 
that these predictive models are applicable over only relatively homogeneous 
geographic areas. However, the SI curves developed from the literature were 
often very similar to empirically derived curves and generally defined optimal 
ranges correctly. Based on these data, we concl ude that SI curves may be 
useful in identifying limiting factors or those factors correlated with 
limiting factors. 

• 
Variables useful for predicting biomass or standing crop were also 

different between Kansas and Oklahoma streams. However, the data from Kansas 
and Oklahoma indicated that, by sampling a number of stream segments within a 
project area and assigning SIl s for each variable from a standard set of 
curves for a given species, a stepwise regression analysis of suitability 
index and standing crop values can be used to develop models that explain much 
of the variation in a species standing crop. Based on these data, we suggest 
that care be exercised in using models developed for one area to predict 
changes in populations in other areas because different variables may be 
limiting to an individual species in different streams. 

In eva1uat i ng project impacts, a resource manager must determi ne whi ch 
species are the most important. Changes in physical or chemical attributes of 
streams may cause a decrease in one popul at i on but an increase in another. 
Addressing changes in habitat quality is meaningless unless unacceptable 
levels of changes to the environment are defined. 

It is quite possible that the curves or models developed herein can be 
misused if the limitations are not understood. Only a relatively few variables 
were used to assess presence or absence and biomass. Failure of these models 
will sometimes occur because factors limiting at one site or region may be 
different from the limiting factors at another location. In addition, a 
habitat change can result in a factor that was not included in model develop
ment becoming a limiting factor. This sequence of events would lead to model 
fail ure . 
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APPENDIX B 

REGRESSION MODELS EXPLAINING VARIATION IN 
STANDING CROP (kg/ha) BY SPECIES 

• 
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Table B-1. Regression models explaining standing crop (kg/ha) 
by species. All models were significant at the 0.05 level. •Refer to text for a description of sample methods and for model 
discussions. 

Regression equation explaining standing 
crop based on suitability index (S1) valuesSpecies 

Spotted bass 6	 4.30 + (-21.24 x water temperature 51) + 
(20.95 x mean width 51) + (13.60 x pH 51) + 
(-25.65 x minimum width 51) + (9.78 x 
nitrate 51) + (6.95 x riffle 51) 

o -5.81 + (-22.6308 x turbidity S1) + 
(34.47 x mean depth 51) + (-25.82 x minimum 
width 51) + (31.10 x mean width 51) + 
(19.40 x pH	 51) + (10.38 x riffle 51) 

Slenderhead	 darter 6 -1.44 + (6.88 x calcium hardness 51) + 
(0.83 x maximum width S1) + (1.34 x	 riffle 
51)	 

•o	 -1.12 + (2.25 x maximum width 51) + (1.67 x 
mean depth 51) + (-50.84 x phosphate 51) + 
(0.84 x total alkalinity S1) + (-5.42 x 
water temperature 51) 

Orangethroat darter 8	 -0.06 + (1.83 x mean width 51) + (0.86 x 
maximum width 51) + (3.20 x pool 51) + 
(3.86 x run 51) + (-0.38 x total al 
kalinity SI) 

6	 -11.18 + (-6.49 x dissolved oxygen 51) + 
(4.46 x maximum width 51) + (8.22 x magne
sium hardness 51) + (28.19 x nitrates 51) + 
(33.02 x phosphate 51) 

5 -14.72 + (-25.06 x conductivity S1) + 
(13.16 x growing season 51) + (16.41 x 
nitrate 51) + (4.75 x turbidity 51) 
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• Tab 1e 8-1. (continued) 

Regression equation explaining standing 
crop based on suitability index (S1) values Species 

Orangethroat darter 4 
(cont.) 

3 

2 

o 

• Central stoneroller 7 

6 

5 

4 

3 

0.8 + (0.15 x mean depth 51) 

-18.36 + (3.09 x conductivity S1) + 
(-12.45 x growing season S1) + (-2.67 x 
mean width S1) + (4.04 x magnesium hardness 
S1) + (165.31 x phosphate S1) + (11.50 x 
pool S1) + (-9.14 x riffle S1) + (4.66 x 
turbidity S1) 

-13.40 + (-2.75 x calcium hardness S1) + 
(-7.04 ~ pool S1) + (10.37 x sulfate S1) + 
(-4.47 x total alkalinity S1) + (20.64 x 
water temperature S1) 

-0.15 + (1.63 x run S1) + (-0.40 x gradient 
S1) + (-2.03 x runoff S1) + (-0.47 x pool 
S1) + (0.26 x conductivity S1) 

-73.91 + (158.27 x mean width S1) + (72.01 x 
magnesium hardness S1) + (7.44 x pH S1) + 
(18.59 x run SI) + (-24.33 x sulfate S1) 

-32.79 + (26.90 x growing season SI) + 
(-26.62 x mean depth SI) + (39.23 x mean 
width SI) + (18.01 x pH S1) + (15.13 x 
phosphate S1) + (19.08 x total alkalinity 
S1) + (20.47 x total dissolved solids SI) + 
(19.33 x water temperature S1) 

19.71 + (20.23 x dissolved oxygen SI) + 
(34.81 x maximum width S1) + (-15.63 x 
minimum width S1) + (-54.64 x magnesium 
hardness S1) + (59.74 x nitrate S1) + 
(-28.60 x pool SI) 

4.20 + (1.59 x pH S1) + (-13.88 x riffle 
SI) + (5.26 x sulfate S1) 

-25.07 + (-17.77 x growing season SI) + 
(63.54 x run SI) + (48.52 x water tem
perature S1) 
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Table 8-1. (continued) • 
Sample Regression equation explaining standing 

Species methoda crop based on suitability index (SI) values 

Central stoneroller 
(cont.) 

2 

D 

Channel catfish 6 

5 

8 

4 

3 

o 

Largemouth bass 6 

4 

7 

-35.29 + (-55.94 x maximum width SI) + 
(180.73 x mean width SI) + (41.71 x phos
phate SI) 

-1.45 + (2.66 x mean depth SI) + (-9.19 x 
maximum width SI) + (4.00 x water tem
perature SI) 

-275.13 + (126.6 x maximum width SI) + 
(178.76 x runoff SI) + (179.90 x run SI) + 
(223.58 x water temperature SI) 

-167.90 + (-177.45 x conductivity SI) + 
(340.90 x minimum width SI) + 360.61 x 
pool S1) 

-54.51 + (325.51 x dissolved oxygen SI) + 
-50.77 x pH SI) + (-227.72 x growing season 
51) •47.46 + (-2.06 x pH SI) + (-7.65 x pool 
SI) + (-42.07 x gradient 51) 

1.40 + (51.07 x conductivity SI) + 
(-18.65 x dissolved oxygen SI) 

-4220.43 + (6268.78 x riffle SI) + 
(284.96 x conductivity 51) + (-178.3870 x 
turbidity 51) + (-455.25 x gradient 51) + 
(188.11 x pH 51) + (-158.52 x total dis
solved solids) + (95.13 x dissolved oxygen 
SI) + (-186.27 x sulfate SI) + (94.41 x 
pool 51) + (108.94 x runoff SI) 

-26.46 + (39.85 x mean width S1) + (46.62 x 
mean depth SI) 

-11.62 + (36.31 x pH S1) 

8.70 + (15.69 x run 51) + (-10.74 x water 
temperature S1) 
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• Table B-1. (continued) 

Sample Regression equation explaining standing 
Species methoda crop based on suitability index (51) values 

•
 

•
 

Largemouth bass 
(cont.) 

2 

3 

D 

White crappie 6 

5 

7 

Green sunfish 

4 

2 

o 

5 

4 

-27.29 + (164.44 x conductivity S1) + 
(25.83 x phosphate S1) + (-148.05 x 
turbi dity S1) 

0.94 + (22.10 x growing season 51) + 
(-20.90 x nitrate S1) + (24.43 x pH SI) + 
(6.0 x turbidity S1) 

72.12 + (73.97 x mean depth 51) + (22.57 x 
total alkalinity S1) +(-37.83 x water tem
perature S1) + (-34.58 x dissolved oxygen 
51) + (-25.86 total dissolved solids 51) + 
(-15.15 x turbidity 51) + (20.80 x run 51) + 
(-33.80 x velocity SI) + (-16.97 x gradient 
S1) 

-12.34 + (9.36 x gradient S1) + (17.46 x 
growing season SI) + (26.40 x magnesium 
hardness 51) 

-5.60 + (34.97 x maximum width 51) 

250.91 + (15.34 x nitrate 51) + (32.69 x 
phosphate 51) + (-265.02 x pH 51) + (7.76 x 
turbi dity S1) 

5.51 + (-20.62 x growing season S1) + 
(9.65 x turbidity 51) + (8.49 x run 51) 

-11.77 + (31.21 x mean width SI) + (5.98 x 
turbidity SI) 

0.23 + (4.27 x mean width SI) 

66.86 + (94.55 x maximum width S1) + 
(82.78 x pH S1) 

189.77 + (13.97 x pH 51) + (-196.63 x 
phosphate 51) 
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Table B-1. (concluded) • 
Sample Regression equation explaining standing 

Species methoda crop based on suitability index (SI) values 

Green sunfish 2 -9.35 + (67.87 x maximum width SI) 
(cant.) 

o none 

aAl1 numbered sample methods refer to Kansas data set analysis; 0 represents 
the depletion estimate method and all models so described. are based on the 
Oklahoma data set. 

1 =shocking 
2 = seining 
3 =mark and recapture using seining 
4 = seining and shocking 
5 = kill technique using rotenone 
6 =mark and recapture using rotenone as the final capture technique· 
7 = mark and recapture using seining as the first collection method followed 

by a final capture using shocking 
8 =mark and recapture using only shocking • 
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APPLICATION OF HABITAT SUITABILITY INDEX MODELS FOR
 
WHITE CRAPPIE, BLUEGILL, AND LARGEMOUTH BASS
 

by
 

David A. Nelson 
and 

Andrew C. Miller 
U.S. Army Engineer Waterways Experiment Station 

P.O. Box 631 
Vicksburg, MS 39180 

INTRODUCTION 

Background 

The Habitat Evaluation Procedures (HEP) of the U.S. Fish and Wildlife 
Service are designed to document the quality and quantity of available habitat 
for selected fish and wildlife species. Information from HEP can be used for 
two types of comparisons: (1) the relative value of wildlife habitats at one 
point in time; and (2) the relative value of these habitats at future points 
in time. By combining the two types of comparisons, the impact of a proposed 
water resource project can be estimated (U.S. Fish and Wildlife Service 1980). 
HE? is based on the assumption that habitat for a selected fish and wildlife 
species can be described by a Habitat Suitabil ity Index (HSI). The method 
used to assign an HSI to habitat is left to the discretion of the HEP user. 

Three general types of HSI models had been published by late 1982: 
(1) regression equations that predicted a measurable response, such as standing 
crop, from selected environmental variables; (2) descriptive or word models 
that assigned a numerical value based on the presence or absence of a specified 
level of pertinent environmental variables; and (3) mechanistic species models 
that aggregated Suitability Indices (SI's) based on concentrations (or levels, 
presence, or similar measures) of selected environmental variables (e.g., 
cover or substrate) (Terrell et al. 1982). With HE?, the calculated HSl, 
which ranges from 0.0 (no value) to 1.0 (optimal value), is multiplied by the 
quantity (area) of available habitat to obtain habitat units. Habitat units 
are used to calculate habitat gains and losses through time. The usefulness 
of the habitat unit data displayed with HEP is directly dependent on the 
ability of the user to assign well-defined, meaningful HSI's to the habitats 
selected for evaluation. Reproducibility is greatly increased when documented 
criteria (i.e., HSI models) for obtaining HSI's are used (Farmer et al. 1982) . 
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Purpose 

This paper describes methods used to test and modify mechanistic species •models for the bluegill (Lepomis macrochirus), largemouth bass (Micropterus 
salmoides), and white crappie (Pomoxis annularis), utilizing data collected at
 
25 borrow pits along the Mississippi River in Mississippi I Missouri, Arkansas,
 
and Louisiana. The objective was not to simply verify the models, but to
 
determine the steps required to apply the models in a specific type of lentic
 
habitat in the Southcentral United States. The approach was that models are
 
never perfect but do provide a vehicle for understanding biotic systems (see
 
Green 1979). If the modified models developed in this study are used in other
 
parts of the country, a similar modification procedure, using the original
 
tested models, may be J1eeded. Layher and Maughan (1984) observed that models
 
developed with Kansas data failed to make reliable predictions for sites in
 

'Oklahoma. The modified models could require additional alteration even if the 
same borrow pits were evaluated at a future time. 

STUDY AREA 

When the mainline levee along the lower Mississippi River was constructed,
 
fill material was taken from areas adjacent to the river. This resulted in a
 
,series of depressions or borrow pits of variable size (e.g., 0.4 to 20.0 ha).
 
Depths of the borrow pits range from 1 to 5 m, with some pits becoming dry by
 
midsummer. The pits on the riverside of the levee typically are inundated for
 
several months of each year, depending on Mississippi River stages. The
 
periodic flooding brings in nutrients, suspended sediments, fish, and other •
 
aquatic organisms, which influence the ecological characteristics of the pits.
 
The land around the borrow pits is usually pastured, prepared for row crops,
 
or left in bottomland woods. Borrow pits provide excellent habitat for aquatic
 
invertebrates, wading and shore birds, migrant birds, fish. and certain mammals
 
(Svedarsky and Crawford 1982). Additional information on these pits can be
 
found in Landin (1982) and Sanders et al. (1982).
 

METHODS 

During the spring and summer of 1981, the U.S. Army Corps of Engineers
 
Di stri ct, Vi cksburg. MS, contracted wi th the Aquatic Habi tat Group at the
 
Corps of Engineers Waterways Experiment Station, Vicksburg, to collect biolog

ical, physical. and chemical data from 25 borrow pits on the river side of the
 
mainline levee (Fig. 1). The borrow pit study was designed by personnel of
 
the Corps of Engineers Vicksburg District and Lower Mississippi Valley
 
Division/Mississippi River Commission environmental staff. Model variable
 
values were estimated from specific conductance, water temperature, dissolved
 
oxygen, and pH measured in situ, near the middle of the borrow pits, using a
 
Hydrolab model 8000. A Hach turbidimeter was used to obtain turbidity values;
 
clarity was measured using a Secchi disc. Fish were collected by applying
 
rotenone to two separate 0.4 ha areas enclosed by block nets. All fish were
 
identified, weighed, and measured in the field. Additional physical data on
 
each pit (i.e .• water depth, surface area, elevation, and other similar
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MISSOURI 

ARKANSAS 

LOUISIANA 

TENNESSEE 

• Greenville 

MISSISSIPPI 

• Natchez 

• 
Figure 1. LocationS of borrow pits along the Mississippi River in 
Louisiana,.Mississippi, Arkansas, Tennessee, and Missouri. 
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measurements) were obtained from the Lower Mississippi Valley Division! ~
 
Mississippi River Commission. Information on percent coverage of vegetation
 
and standing timber was obtained from black and white aerial photographs
 
(1:12,000) or color prints made at the time of the field sampling.
 

All HSI calculations and statistical tests were done at the Waterways 
Experiment Station using a TI-59 programmable calculator and the Statistical 
Analytical System (SAS) (SAS Institute 1982) package on an IBM 4330 computer. 
Data analysJs consisted of alternately testing hypotheses, mak.ing modifica
tions, and testing results. . 

RESULTS 

Using lacustrine HSI models for bluegill (Stuber et al. 1982a) and white 
crappie (Edwards et al. 1982), HSI's were calculated for all borrow pits. A 
total of 13 variables were used fq.r the bluegill model (Table 1); calculated 
HSI's ranged from 0.08 to 0.34 (X = 0.25), with a correlation coefficient 
between standing crop and the HSI of 0.09 (Fig. 2; Table 2). Eleven variables 
were used for the white crappie model, the "optional" salinity variable was 
not evaluated. Correlations with standing crop were also low for the white 
crappie model (r = 0.08; P < 0.40) (Fig. 3). Because of the low accuracy of 
the unmodified bluegill and white crappie models and their similarity to the 
largemouth bass model (Stuber et al. 1982b), the unmodified largemouth bass 
model was not evaluated. 

Schamberger et al. (l982) noted that the accuracy level of the type of ~ 
HSI model s tested in this study was expected to be low. Inter- and intra
specific competition, fishing pressure, and, in the present study, the 
influence of farming and grazing practices, as well as a possible 2 to 3 month 
flooding period during the spring. were major confounding factors that affected 
fish populations. However, the HSI's were believed to be acceptable predictors 
of standing crop and habitat quality if the models were subjected to fairly 
detailed analysis and modification. A major concern was the maximum midsummer 
1ittoral zone temperature, which ranged from 28° to 34° C for the period of 
the study. For bluegill, these values resulted in SII S equal to 0.0. 1 Never
theless, viable fish populations were present in most pits, which demonstrated 
that water temperatures along shore were not 1imiting. probably because of 
fish movement to deeper water during periods of high temperatures. Gilbert 
(1984) reported a similar problem with SII S for water temperatures in littoral 
areas of Georgia reservoirs. However. before altering or deleting variables, 
the similarities and differences among pits based on collected biological, 
chemical, and physical ~ata were analyzed. The information from this analysis 
allowed meaningful and useful modifications to the models. 

lFor purposes of calculation, SII S of 0.0 were adjusted to 0.05; see Table 1. 
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• Table 1. Variables and range in suitability indices for bluegill in 
borrow pits along the Mississippi River, 1981. 

Variable Range in
 
Variable number 51's Comments
 

•
 

Percent logs, brush, and V2 
debris 

Percent aquatic vegetation Vl 

Percent littoral area V~ 

Average total dissolved Vs 
solids 

Maximum monthly average V, 
turbidity 

pH range during growing V7 

season 

Maximum dissolved oxygen 
during summer 

Maximum midsummer tempera
ture in littoral area 

Average of mean weekly 
water temperatures 
during spawning 

Maximum early summer 
temperature 

Maximum midsummer 
temperature 

Drawdown during spawning 

Substrate composition 

0.25-1. 00 

0.10-0.75 

0.05a 

0.95-1.00 

1.00 

0.20-1. 00 

0.10-0.70 

0.05 

0.30-1. 00 

0.05-1. 00 

0.22-0.80 

1.00 

0.70 

Important variable 

Important variable 

Important variable 

Dropped because all pits 
were within optimum 
range 

Pits had clear water 

Variable not useful 

Variable not useful 

Not applicable 

Variable not useful 

Variable not useful 

Excluded because not 
applicable for shallow, 
borrow pit water 

None 

Deleted because all pits 
were the same (0.7) 

aO. 05 5I I s were used in place of the 0.0 values indicated by the 51 graphs . 
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Figure 2. Bluegill standing crop as a function of the habitat 
suitability index (HSI) (unmodified model). 
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• • • 
Table 2. Range, mean, standard deviation, and correlation coefficients for HSlls 
calculated for bluegill, white crappie, and largemouth bass. 

Species Model 0.05-0.20 0.21-0.40 

HSI rangea 

0.41-0.60 0.61-0.80 0.81-0.99 ·1.00 Range X S.D. r P < 

Blueg III Unmodified 

Modification I 

6 

-
17 

7 

-
10 

-
4 

-
4 

-
-

0.08-0.34 

0.31-0.95 

0.25 

0.56 

0.15 

0.19 

0.09 

0.46 

0.40 

0.025 

Mod I fica t I on I I 7 10 4 - 4 - 0.10-0.93 0.40 0.27 0.48 0.01 

De sc rip t i ve - 2 7 6 8 2 0.33-1.00 0.67 0.19 0.11 0.20 

N 
tTl 
"'-J 

CrappIe Unmodified 

Modification I 

24 

-
-
1 

I 

5 

-
6 

-
5 

-
2 

0.05-0.52 

0.25-1.00 

0.08 

0.60 

0.09 

0.26 

0.08b 0.40b 

0.25 0.20 

Mod j flcat Ion 

Oescrl pt I ve 

II 1 

-
5 

1 

5 

7 

3 

6 

1 

7 
" 
II 

0.13-1.00 

0.33-1.00 

0.46 

0.71 

0.32 

0.19 

0.23 

0.16 

0.20 

0.20 

La rgemouth 
bass 

Mod I flcat Ion 

Mod I fica t I on 

I 

I I 

4 

1 

5 

5 

4 

1 

5 

3 

7 

2 

-
1 

0.18-0.94 

0.12-1.00 

0.54 

0.44 

0.29 

0.26 

0.42 

0.54 

0.025 

0.005 

De sc rip t I ve - 8 1 6 - 2 0.40-1.00 0.63 0.20 0.16 0.20 

aAI I 

bp1t 

0.0 Sl's set 

10 omitted. 

equal to 0.05 for HSI calculation. 
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Figure 3. ·White crappie standing crop as a function of the 
Habitat Suitability Index (HSI) (unmodified model). 
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A pri nc i pa 1 components ana lys is wa s performed to i dent ify underlYi ng 
patterns among sources of covariation, individual species, standing crops, and 
the relative contribution of each pit to a factor (Table 3). This analysis 
allowed the grouping of fish according to habitat variables. Bottom feeding 
fish (Ictaluridae and Catostomidae) and rough fish (Lepisosteidae, Cyprinidae, 
and 5ciaenidae) exhibited high loading for Factor I, while the sportfish 
(white crappie, largemouth bass, bluegill, and Percichthyidae) loaded high on 
Factor II. Although not considered a sportfish, the Clupeidae also loaded 
high on Factor II. Factor II was hypothesized to be an indication of condi
tions suitable for the maintenance of sportfish populations. Attention was 
directed to variables that influenced the sport fishery in pits with high 
standing crops rather than variables in pits that provided suboptimal habitat. 

Using criteria outlined in Terrell et al. (1982), each variable in the 
bluegill model was examined for possible exclusion. Variables for total 
dissolved solids, substrate conditions, dissolved oxygen, and water tempera
ture were deleted from the H5I model (see Table 1 for reasons for exclusion). 
A new variable, the percentage of water greater than 1.5 m deep, was added to 
the model. Percentages and corresponding 51 I S2 were assigned based on the 
analysis of depth profiles and the observation that most pits less than 1.0 m 
deep dried out by fall. 

With only seven of the original 13 variables remaining, plus the addition 
of the depth variable, a second set of H5I ' s (model modification I) was cal
culated (Table 2). These data yielded an r value of 0.46 (P < 0.025) (Fig. 4), 
which was significantly higher than the r value for the unmodified bluegill 
model (r = 0.09, P < 0.40). Bluegill standing crop and 5I 1 s for model 
modification I were compared using a principal component factor analysis. The 
variables with the highest loadings (percent vegetation, percent snags, percent 
1ittoral area, and percent deep water) all related to a measure of cover 
(Table 4). Model modification II was developed using only these four variables 
(Table 5), and a third set of H5I 1 s was calculated (Table 2). The resulting 
correlation coefficient was 0.48 (P < 0.01) (Fig. 5), which was a slight 
increase over the correlation coefficient calculated after the first modifica
tion of the bluegill model. 

Following the same modification techniques used with the bluegill model, 
the white crappie and largemouth bass models were modified. The correlations 
for white crappie were 0.25 for modification I and 0.23 for modification II 
(Figs. 6 and 7). Correlation coefficients for largemouth bass were 0.42 for 
modification I and 0.54 for modification II (Figs. 8 and 9). 

ZWhen the percentage of water deeper than 1.5 m ranged from 0 to 5%, the 51 = 
0.1; from 6 to 20%, the 51 =0.7; 21 to 60%, the 51 =1.0; 61 to 90%, the 
51 = 0.5; and from 91 to 100%, the 51 =0.1 . 
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Table 3. Factor loadings for standing crops. Loadings greater than 
± 0.50 are in parentheses. • 

Variable Factor I Factor I I 

White crappie 

Largemouth bass 

Bluegill 

Catfishes (Ictaluridae) 

Gars (Lepisosteidae) 

Herrings (Clupeidae) 

Suck.ers (Catostomidae) 

Minnows (Cyprinidae) 

Sea basses (Percichthyidae) 

Drums (Sciaenidae) 

Total 

0.42 

0.37 

0.12 

(0.82) 

(0.80) 

0.02 

(0.88) 

(0.93) 

-0.06 

(0.51) 

(0.95) 

0.43 

(0.62) 

(0.66) 

-0.18 

-0.27 

(0.71) 

-0.28 

-0.05 

(0.65) 

0.45 

-0.05 • 
Factor 

I 

Eigenvalue 

4.44 

Relative % 

40.4 

II 2.32 21. 1 
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Figure 4. Bluegill standing crop as a function of the Habitat 

• 
suitability index (HSI) (Model Modification I) . 
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Table 4. Factor loadings for bluegill standing crops and suitability •
indices. Loadings with an absolute value greater than 0.50 are in 
parentheses. 

Variable Factor I Factor II 

Bluegill (0.71) 0.39 

Percent aquatic plants 0.44 (0.66) 

Percent snags -0.25 (0.70 ) 

Percent littoral area (0.83) -0.28 

Percent deep water (0.76) -0.17 

pH 0.48 -0.14 

DO -0.41 -0.42 

Turbidity 

Factor 

I 

0.46 

Eigenvalue 

2.62 

-0.29 

Relative % 

32.8 • 
II 1.46 18.2 
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• Table 5. Final HSI models (Model Modification II) for bluegill, 
white crappie, and largemouth bass. 

V 2 V )1/5Bl uegi 11 (V 2 x VJ X ~ x D 

White crappie 

V + V ll/3 
Largemouth bass V, x ( , 2 '). V 

[ DJ 

Bluegill 

V2 = suitabil ity index for % snags 

VJ = suitability index for % aquatic vegetation 

• 
VII. = suitabillty index for % littoral area 

V - sui tabil i ty index for % deep water D -

White crappie 

V2 = suitability index for % cover 

VII. = sui ta bil i ty index for % littoral area 

Vo :: sui tabil i ty index for % deep water 

Largemouth bass 

V2 = suitabil ity index for % lacustrine (~ 6 m deep) 

VJ 
:: suitabil i ty index for % cover (for adult and juvenile) 

V.. = suitabi 1ity index for % cover ( fry) 

V - suitability index for % deep water D 
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Figure 5. Bluegill standing crop as a function of the habitat 
suitability index (HSI) (Model Modification II). 
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Figure 6. White crappfe standing crop as a function of the habitat 
sUitability index (HSI) (Model Modification I). 
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Figure 7. White crappie standing crop as a function of the habitat 
sUitability index (HSI) (Model Modification II). 
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Figure 9. Largemouth bass standing crop as a function of the 
habitat suitability index (HSI) (Model Modification II). 
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• In a study of the habitat requirements of trout in Wyoming streams, Binns 
(1979) reported correlations between standing crop and habitat quality scores 
that exceeded 0.95. None of the correlations for the three species in this 
study were higher than 0.54 (P < 0.005). Layher and Maughan (1984) concluded 
that HSI models work best for species with narrow, as opposed to broad, niches. 
For the second modification of the species models, the white crappie model 
resulted in r values approximately one half of those calculated for the blue
gill and largemouth bass models. All three of these fish are generalists, and 
a convincing argument for white crappie having substantially broader habitat 
requirements than bluegill or largemouth bass probably could not be made. The 
low r values for the whi te crappi e model are probably a refl ect i on of the 
relative distribution of this species during the survey; it was almost always 
present in the pits and averaged two or three times the biomass of the other 
two species. 

The simple, descriptive or word models for bluegill, largemouth bass, and 
white crappie, described as "additional model 2" by Stuber et al. (1982a, 
1982b) and Edwards et al. (1982), were also tested. All three of these models 
were similar. The descriptive bluegill model assumes that, if water quality 
is adequate, the following criteria must be met to provide optimal habitat: 
(1) total dissolved sol ids ranging from 100 to 350 mg/l; (2) 1ittoral areas 
greater than 20%; (3) maximum water temperatures greater than 20° C; and 

• 
(4) clear water with less than 50 mg/l of suspended solids (Stuber et al. 
1982a). The HSI is calculated by dividing the number of criteria present for 
the evaluation area by the total number of criteria for consideration (in this 
case, tour). Using this technique for bluegill, the HSI ranged from 0.33 to 
1.00 (X = 0.67); the correlation coefficient with standing crop was low 
(r = 0.11) (Fig. 10). Correlation coefficients were also low for the white 
crappie and largemouth bass descriptive models (r = 0.16) (Figs. 11 and 12). 
Thus, while easy to use, the models were not good predictors of standing crop. 

For the bluegill and white crappie models, the first and second modifica
tions resulted in a larger range of HSI1s than did the unmodified versions. 
Elimination of the temperature variable, which skewed the SI1s to the low 
side, enabled other variables to influence the final scores. For all three 
species, the descriptive models produced the highest HSI's, although the range 
in values and correlation coefficients were usually greatest for the second 
model modification. The second modification, which resulted in only slightly 
higher r values than the first modification, provided a much simpler repre
sentation of the important environmental features of the habitat. The descrip
tive models provided HSI's rapidly and with fairly general data; however, the 
HSIls did not relate well to standing crop. In this regard, the major benefit 
of using the mechanistic models (i .e., a more detailed knowledge of relation
ships in an aquatic system) is probably lost with the simple descriptive 
mode 1s . 
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Figure 10. Bluegill standing crop as a function of the 
descriptive habitat suitability index (HSI) model. 
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Figure 11. White crappie standing crop as a function of the 
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descriptive habitat suitability index (HSI) model. 

271 



60
 

50
 

-UJ 
c::: 40 u 
< ........
 
CI:l 
I:Q
 
...J
 .......
 
a.. 30 
o 
c::: 

U 

<.:) 
Z 

~ 20 
<
l

e/) 

10 

•
 

DESCRIPTIVE LARGEMOUTH BASS MODEL 

• 

• 

• 

•
•·• 

• 
•• 

•
•
• l' =: 

6 
0.1 

•• 

• 

•• 
(P <: 0.2) 

• 

•• 
• 

0.2 0.4 0.6 0.8 1.0 

HSI 

Figure 12. Largemouth bass standing crop as a function of the 
descriptive habitat suitability index (HSI) model. 
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SUMMARY 

Mechanistic species models provided a vehicle for analyzing habitat 
vari ab1es and re 1at i ng them to standi ng crop of fi shes in borrow pi ts. The 
unmodified models were poor predictors of observed fish standing crop; however, 
correlations between biomass and HSI's were improved when the models were 
modified within the original HSIISI framework. Factor analysis was used to 
identify the variables that supported sport and rough fish, respectively. 
Attention was paid to those pits that were similar and loaded highly on vari
ables identified by factor analysis as enhancing sport fish populations. Two 
modifications were used; first, some variables were deleted based on ease of 
measurement and variability of the variable. Next, Suitability Indices for 
selected variables. including a variable not a part of the original modified 
model, were identified by principal component analysis as having loading 
values for explaining standing crop. The HSI's developed from these variables 
(e.g., percent vegetation, percent snags, percent littoral area, and percent 
deep water) had the highest correlation coefficients with standing crop, even 
though the models had the fewest number of variables. 

The general procedure used in this study to utilize multivariate statis
tics to better relate HSI's to standing crop can be easily implemented. For 
the habitat under study, HSI model variables should be retained that are 
significant to the organisms of interest. The prospective user should develop 
an understanding of the system and use only key variables in the final HSI 
model. The published HSI models that were tested in this study provided a 
framework for the identification of key habitat variables . 
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INTRODUCTION 

The U.S. Fish and Wildlife Service is developing Habitat Suitability 
Index (HSI) models for use with their Habitat Evaluation Procedures (HEP) 
(U.S. Fish and Wildlife Service 1980) to assess the potential effects of 
habitat alterations on fish and wildlife species. The HSI models used in this 
study were developed from 1iterature surveys and had not been previously 
tested against field data. The objectives of this study were to: (1) compare 
the Habitat Suitability Indices (HSI's) calculated from models developed by 
the U.S. Fish and Wildlife Service with estimated standing crops of selected 
species of fishes from Eastern United States reservoirs and rivers; and 
(2) modify existing models as needed to improve performance. The intent and 
general use of HSI models was discussed by Schamberger et al. 1982. 

MATERIALS AND METHODS 

Habitat Suitability Indices were calculated and evaluated from draft 
models provided by the U.S. Fish and Wildlife Service, Western Energy and Land 
Use Team, for the following species: green sunfish (Lepomis cyanellus); 
warmouth (1. gulosus); bluegill (1. macrochirus); black crappie (Pomoxis 
nigromaculatus); largemouth bass (Micropterus salmoides); black bullhead 
(Ictalurus nebulosus); channel catfish (1. punctatus); and common carp 
(Cyprinus carpio). In most cases, models available at the time of these 
assessments were not the models published by the U.S. Fish and Wildlife 
Service; therefore, detailed descriptions of models, variables, and suitability 
index graphs are presented in Appendix A. Reservoirs selected for the evalua
tions were West Point (Georgia-Alabama), Oconee (Georgia), Lanier (Georgia), 
Clarks Hill (Georgia-South Carolina), Center Hill (Tennessee), Shelbyville 
(Illinois), and Sangchris (Illinois). River stations selected included three 
from the Altamaha River (Altamaha drainage, Georgia), two from the Ocmulgee 
River (Altamaha drainage, Georgia), and one from the Flint River (Apalachicola 
drainage, Georgia). These reservoirs and riverine areas encompass a variety 
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of habi tats and were considered suffic i ently physi ca lly, chemi cally I and • 
geographi ca lly di verse to adequately evaluate the speci es models. Speci fi c 
habitat variable values for each species model are presented with the discus
sion of model performance. Some habitat and standing crop estimates represent 
a single sample while other values are the mean of several samples. Standing 
crop data (kg/ha) determined from river and reservoir cove rotenone surveys 
were compared to calculated HSI's at the selected sites. 

River rotenone survey data were collected using the standardized method 
described by Holder (1975) and were provided by D. Johnson, D. Holder, and 
R. Weaver of the Georgi a Department of Natural Resources. Reservoi r cove 
rotenone samples were collected during the summer months (June through 
September) by blocking off a cove with a net and treating the enclosed area 
with rotenone. - Data for the reservoirs were obtained from the following 
sources: West Point (Davies et al. 1980); Center Hill (Mathews 1975); 
Shelbyville (Tranquilli et al. 1979); Sanchris (Larimore and Tranquilli 1981); 
all reservoi rs (Aggus pers. comm.). 

Major physical habitat parameters for streams (width and depth) were 
measured on site at the time of the rotenone survey. Velocity estimates were 
derived from velocity measurements used to calculate discharge at the time of 
the rotenone survey. Gradient was estimated from USGS 7.S-minute maps. 
Growing season (number of days between last frost of spring and first frost of 
fall) was assumed to be the same as that recorded by the climatological station 
nearest the survey site. Physical habitat parameters for reservoirs, based on 
depth and shoreline development, were estimated from construction agency 
records and maps, and information from the USFWS National Reservoir Research • 
Program. 

Estimates of water chemi stry (temperature, pH, di ssol ved oxygen, total 
dissolved solids, and turbidity) related model variables were derived from the 
Water Resources Data for Georgia series published by the U.S. Geological 
Survey. Total dissolved solids was estimated by multiplying the specific 
conductance by 0.66. This conversion factor is commonly used in Southeastern 
reservo; rs (Aggus pers. comm.) and is wi thi n the range of conversion values 
reported by Lennon (19S9). Measurements from the downstream gagi ng station 
nearest the rotenone survey site were used. Measurements were not always 
available for the year of the survey. In these cases, data from the year 
closest to the rotenone survey were used. When standing stock data were 
available for more than 1 year, physical and chemical data for the collection 
years were averaged to derive the model variable values. 

Precise data were ~ot available for variables describing percent bottom 
cover, substrate. percent pools. water level fluctuation, and vegetative 
cover. Biologists familiar with the study sites provided estimates of these 
variables based on their personal experience working at the study sites. 

Results of the eva luati ons and recommended modifi cat ion s are presented 
and discussed individually by species model. Common problems with obtaining 
the needed variable values or applications of the models are presented in the 
Discussions. 
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RESERVOIR MODEL TEST RESULTS 

For all models tested, suitability indices (SIl s ) for each model variable 
were derived for the SI graphs presented in Appendix A. Individual variable 
Sl l s were aggregated into component SIl s and species HSI's utilizing the 
equations presented in Appendix A. The actual SIts calculated for each model 
variable are presented in Appendix B. 

Green Sunfish 

The green sunfish originally occurred only in East-central North America; 
however, it has been introduced widely in Eastern North America (Lee 1980a). 
Of the six reservoirs for which HSI's were calculated, Center Hill, 
Shelbyville, and Sangchris are within the natural range of the species, while 
populations in West Point, Oconee, and Lanier are introduced and represent the 
southeastern distribution limits of the species (Lee 1980a). 

The food component (C F) of the tested HSI model is directly related to 

average total dissolved solids (TDS) (V 15 ), which is assumed to directly 

refl ect the food component suitabil ity because of the posi t i ve corre 1at i on 
between centrarchid standing crops and TDS levels. The cover component (CC) 

is calculated from percent bottom cover (VI) and is included because species 

abundance has been correlated positively with percent cover. Percent littoral 
area (V 16 ) is intended to represent quantitatively the amount of habitat 

available as cover. The water quality component (CWQ ) is limited to dissolved 

oxygen (V 4 ), turbidity (V!i), pH (V,), temperature (V 7 and Va), and salinity 

(V 1 .) measurements because these parameters have been shown to affect growth 

or survival. Variables related to temperature and dissolved oxygen are assumed 
to be limiting if they reach near-lethal levels. The reproduction component 
(C R) includes the parameters of temperature (V g ), substrate (V LD ), and 

reservoir drawdown (V 17 ). 

Four of the six reservoirs that supported green sunfish populations had 
HSI's of 0 for the species (Table 8-1). In Lake Lanier, 0 values were due to 
a maximum temperature within the littoral area that exceeded 31° C during 
spawning [June-July (V g )]. The suitability curve for Vg indicates that the 

opt imum temperature duri ng June-July is 20 to 27° C (Appendi x A). June and 
July water temperatures in the 1ittoral zone normally exceed 27°·C in many 
southeastern reservoirs. Cooler water temperatures are available in deeper 
water in most of these reservoirs. According to Hunter (1963), green sunfish 
can successfully reproduce and embryos survive at temperatures from 19 to 
31° C. During most years, many centrachids in southeastern reservoirs already 
have spawned by June-July and the fact that water temperatures in shallow 
areas exceed 31° C does not limit reproduction or embryo survival . 
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The other two reservoirs with HSIls of zero and green sunfish populations 
were Shelbyville and Sangchris (Table 8-1). In these reservoirs, drawdowns •during spawning (V l7 ) were responsible for the a HSI's. These drawdowns 

apparently do not exclude reproduction or embryo survival of green sunfish.
 
This is not surprising because green sunfish apparently spawn over an extended
 
period of time and range of temperatures (19 to 31° C), and conditions likely
 
will be favorable at some point in time. For example, even though temperatures
 
exceeded 31° C in shallow areas in June and July, the water temperature was
 
within the optimum range earl ier in the year. If the species reproduced
 
during the more favorable period and the embryos moved to cooler water when
 
shallow water temperatures exceeded 31° C, then maximum shallow water tempera

ture in Jurre-J~lY would have little effect on CR' Therefore, the model appears
 

too stringent in setting limits on values. that may occur for a short time
 
sometime during the spawning period.
 

The green sunfish model was modified by excluding Vs and Vl7 , the two 

parameters that resulted in the 0 HSIls for Lanier, Center Hill, Shelbyville,
 
and Sangchris Reservoirs. Although this modification eliminated the 0 HSI1s,
 
the performance of the model was not improved significantly. There was little
 
correlation between calculated HSI's and estimated standing crop of green
 
sunfish in the tested reservoirs (r = 0.370). Specific model problem areas
 
apparently were maximum summer temperatures in littoral areas, drawdowns, and
 
possibly lower population levels at the edge of the species· range. Most
 
fishes are very adaptable in terms of avoiding adverse conditions and some
 
related flexibility in the model appears warranted .
 

. Warmouth • 
All of the reservoirs tested were within the natural range of the warmouth
 

(Lee 1980b), and warmouth were expected to occur in all of them. Suitability
 
indices (Table 8-2) were based on the SI curves in Appendix A.
 

The food component (C F) of the warmouth model is determined from mean TDS
 

during summer (V 13 ), percent cover in shoreline areas < 3 m depth during
 

average summer conditions (V t _), and average mean depth/shoreline development
 

duri ng average summer condition s (V 15) . The cover component (CC) va 1ue is
 

based on water level stability during spawning and incubation from mid-May to
 
mid-July (V u ) and VH and Vu as used in the food component. The water
 

quality component (C ) is based on length of the growing season (V 1 ),
wq

dissolved oxygen concentrations during the summer (V 3 ), pH range (V 6 ), maximum
 
salinity (V 7 ), average mean weekly shoreline water temperature from mid-June
 

to mid-September (V.), and maximum monthly average turbidity (V u ), with V
J 

and V. weighted most heavily. The reproductive component value (CR) is based
 
on average mean weekly water temperature during mid-May to mid-June (V,) and
 

water level stability during spawning and incubation (V 12 ).
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• Model developers considered vegetation, cover, and parameters associated 
wi th sha 11 ow water important determi nants of warmouth habitat suitabil ity. 
Four of the six reservoirs tested supported warmouth populations, with Oconee 
having a relatively high HSI (0.85) and warmouth standing crop (5.26 kg/ha) 
(Table B-2). However, Shelbyville and Sangchris Reservoirs had high HSI's and 
insignificant warmouth populations. A major weakness of the model appears to 
be the lack of consideration of interspecific competition. Warmouth are 
piscivores and, even though increased TDS may indicate increased biomass of 
centrarchids, other centrarchids may increase more than warmouth, which seem 
to do better in harsher environments. The tested model did not accurately 
reflect standing crops of warmouth in selected reservoirs (r = 0.196). 

Bl uegi 11 

All reservoirs studied were within the natural range of the bluegill (Lee 
1980c), and all were expected to support bluegill populations. The food 
component (C F) of the model (Appendix A) is calculated from percent bottom 

cover within littoral areas during summer (V:z) and average TDS (V .. ), because 

TOS levels and centrarchid standing crops are positively correlated. The 
cover component (CC) is based on V:z and percent 1ittoral area during summer 

stratification (V l ). The water quality component (CWO) is determined from 

summer dissolved oxygen concentrations (V 7 ), with some flexibility added in 

• 
terms of "se ldom", "usuallyl', and "often". Use of these terms allows the user 
to ignore short term or one time events that otherwise might result in SI's of 
O. Other infJuential water quality components are maximum monthly average 
turbidity (suspended solids) during summer stratification (V 5 ). pH range 

during growing season (V,), and maximum midsummer temperature in littoral 

areas (V Il for fry; V1:Z for juveniles). The reproductive component (C ) isR
based on the average of mean weekly water temperatures in littoral areas 
during spawning (V IO ) and substrate composition in littoral areas (VI')' 

Of the six reservoirs tested, only Oconee had a calculated HSI of a 
(Table B-3). As with other southeastern reservoirs, maximum summer tempera
tures in the littoral zone exceeded 31° C, although cooler water was usually 
available close by. As previously discussed, midsummer littoral water 
temperatures probably shoul d be ignored for southeastern reservoi rs and a 
deeper water temperature used instead. 

Of the models tested, the bluegill HSI had one of the higher correlations 
with estimated standing crop (r = 0.498). A possible explanation for the 
greater correlation is the greater flexibility in determining some of the 
variable values (e.g., dissolved oxygen concentrations) . 
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81 ack Crappi e 

All reservoirs studied were within the natural range of the black crappie • 
(Lee 1980d), and black crappie were expected to occur in all of the reservoirs. 
The developers of the model assumed that the food component (C ) is di rectlyF
related to TDS during the growing season (V u ) (Appendix A). The cover 

component (CC) is based on percent cover (e.g., vegetation, brush, debris, and 

standing timber) during midsummer in the littoral zone (V 2 ) and percent 

littoral area during spring and summer (V,). The water quality component 

(C is based on the most sUitab.le water temperature within the epilimnionWQ ) 

during midsummer for adults (VI) and juveniles (V,); average water temperature 

in littoral areas during midsummer (V u ) for fry; minimum dissolved oxygen 

levels in the temperature strata selected in VI' V" and VlO during summer 

(V 12 ); pH levels during the year (V 7 ); ilnd maximum monthly average turbidity 

during summer (V l ). The reproductive component (C ) is based on V2 , V"
R

average water temperature within littoral areas during spawning (V ll ), and 

minimum dissolved oxygen levels within littoral areas during spawning (V 1J ). 

The black crappie HSI's had the highest correlations with estimated 
standing crops in selected reservoirs (r =-0.740) of all species models • 
evaluated. Unfortunately, it was a negative correlation, and those reservoirs 
with the lowest HSI I S supported the highest black crappie standing crops 
(Table 8-4). Lake Oconee (HSI = 0.20) supports 32.5 kg/ha of black crappie, 
an exceptionally high standing crop. Lake Oconee has several large stands of 
timber that are extensively used by crappie. However, the importance of these 
areas was not accounted for by the model variables because the stands are in 
deeper water, not in the littoral zone. Model modifications that account for 
the attributes of deeper water cover should be considered. 

Largemouth Bass 

All reservoirs evaluated were within the presumed natural range of the 
largemouth bass (Lee 1980e), and largemouth bass were expected to occur in all 
of the reservoirs. The food component (C ) of the model (Appendix A) is

F
assumed to be directly related to average total dissolved solids (TOS) 
concentration during the growing season, when the carbonate-bicarbonate ionic 
concentration > the sulfate-chloride ionic concentration (V s ). When the 

sulfate-chloride ionic concentration> the carbonate-chloride ionic concentra
tion, the SUitability index for variable Vs is reduced by 0.2. However, there 

are interspecific interactions among various sunfishes (SWingle 1950) and, 
although TDS may relate directly to the standing crop of sunfishes, it is 
doubtful that it relates directly to the standing crop of one particular 
species of sunfish under all conditions. It might be more realistic to weight 
CF to compensate for the variety of sunfishes that occur in different • 

reservoirs. 
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The cover component (CC) of the largemouth bass model consists of 

variables representing the percent bottom cover weighted for adults and 
juveniles CV J ) and fry (V/o); average water temperature within pools, back

waters, or littoral areas during the growing season (VI); and average water 

level fluctuations during the growing season (V 16 ). Water quality component 

(CWO) parameters include minimum dissolved oxygen levels during midsummer in 

pool or littoral areas (V 6 ); pH range during the growing season (V 7 ); average 

water temperature within pools, backwaters, or littoral areas during the 
growing season for adults and juveniles (VI); average water temperature within 

pools, backwaters, or littoral areas during the growing season for fry (V 10 ); 

and maximum monthly average turbidity (suspended solids) during the growing 
season (V 11 ). 

Salinity can influence the reproductive success of largemouth bass, and 
maximum salinity during summer is considered for adults (V 12 ), fry (V 1J ), and 

embryos (V 14 ). The reproductive component (C ) is influenced by maximum
R

salinity during spawning and incubation (V 14 ). If V14 = 1.0, then the 

variables considered include percent lacustrine area ~ 6 m depth (V 2 ), average 

weekly mean temperature within pools or littoral areas during spawning and 
incubation for embryos (V,), substrate composition within lacustrine littoral 

areas for embryos (V lS ), and maximum water level fluctuation during spawning 

for embryos (V 17 ). If VlIo < 1.0, then the variable value for Vu is included 

in the calculation of C ' If CWO or C ~ 0.4, the HSI equals the lowest valueR R 
1/4

of CWO' CR' 0 r (C F x CC x CWO x CR) 

All of the variables listed under the various components of the model are 
undoubtedly important in determining habitat suitability for largemouth bass. 
However. exceptionally high standing crops of largemouth bass occur in 
unexploited populations (Gilbert and Hightower 1981) and sport harvest is 
probably a much more influential variable than habitat in determining the 
existing standing crop in most reservoirs. It is doubtful that largemouth 
bass standing crops in reservoirs can be evaluated solely on the basis of 
physical and chemical variables, with no consideration of harvest factors. 
There was a low negative correlation (r = -0.112) between the calculated HSI 
and the largemouth bass standing crop (Table 8-5) in tested reservoirs . 
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Black Bullhead •The natural range of the black bullhead does not include Lake O~onee, and 
West Poi nt is near the eastern range 1imi ts of the speci es (Gl odeck 1980a). 
Therefore, black bullheads were not expected to occur in all of the reservoirs 
evaluated. Many of the model suitability index curves were based on data from 
other bullheads and catfishes. Where bullheads were not separated by species 
in standing crop data. a total bullhead estimated standing crop (Table 8-6) 
was used in evaluating the model. 

The food component of the model (C F) (Appendix A) is assumed to be 

directly related to food production, which, in turn. is assumed to be directly 
related to TDS, because of the positive correlation between catfish standing 
crop and TDS. However, this assumption fails to recognize interactions among 
various fishes. Obviously. the same food supply cannot be unlimited for all 
species that utilize it. 

The cover component of the model (CC) is compri sed ?f percent cover 

(e.g.) vegetation, brush. and debris) in littoral areas during summer (V 2 ), 

percent littoral area during summer (V 11o ), and lake or reservoir size (V 15 ). 

The water quality component (CWQ ) is determined first by maximum salinity 

during summer for adults and juveniles (V 7 ) and maximum salinity during May to 

July for embryos and fry (V.). If the salinity is less than 2 ppt, the 

variables used to determine CWQ include maximum midsummer water temperature in •pools, backwaters, or littoral areas (V /o ); dissolved oxygen range within 

pools, backwaters. or littoral areas during summer (V s ); pH range during the 

year (V,); and max~mum monthly average turbidity (suspended solids) during the 

growing season (V s ). Variables V and V are weighted more heavily. If V orlo s lo 

V is S 0.4, CWQ = lowest of V , Vs , or CWQ equation. If the salinity suit
ability index for V7 or V. is 1.0, consideration is given to maximum salinity 

during the summer for adults and juveniles (V 7 ) and the maximum salinity 

during May-July for embryos and fry (V.). The determination of the reproduc

tive component value (CR) initially depends on the salinity suitability index 

(V.). If V. = 1.0, Ca is dependent on average water temperature in pools, 
backwaters, or li ttoral areas during spawni ng and embryon i c development for 
embryos (V 1a ); dominant substrate type in pools, backwaters, or littoral areas 

during spawning for embryos (V 11 ); percent cover objects (e.g., vegetation. 

brush, and debris) in pools, backwaters, or littoral areas during spawning for 
embryos (V 1Z ); percent littoral area during summer (V 11o ); and reservoir draw

s Io 

down during spawning and embryonic development for embryos (V u ). If V. 

S 1.0, V. is included in the CR calculations. 
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• Habitat suitability indices were not well correlated with estimated 
standing crops of bullheads from tested reservoirs (r =0.336). 

One possible problem with the bullhead model is that many of the suit 
ability index curves are based on preferences of other species, which are 
assumed to be appropriate for black bullheads. The following examples 
illustrate the numerous assumptions provided with the draft model: 

1.	 Because the species seems to prefer a diversity of velocities and 
structural features, it is assumed that 50 to 80% pool/backwater 
areas with'S 20% cover (e.g., vegetation, brush, and debris) are 
optimum. 

2.	 It is assumed that smaller bodies of water provide more food and 
cover habitat. It is also assumed that optimal lacustrine habitat 
includes extensive 1ittoral areas (~25% of surface area) with 
moderate to abundant (~ 20%) cover within this area. 

3.	 It is assumed that optimal ratings for black bullheads correspond to 
a TDS range of 100 to 600 ppm. 

4.	 Based on quantitative data from other catfishes, it is assumed that 
optimal dissolved oxygen levels are ~ 7 mg/l. 

• 
5. No quantitative information is available on the optimal turbidity 

range. It is assumed that the black bullhead exhibits a response 
similar to channel catfish and that optimal suitability index ratings 
correspond to an intermediate turbidity range of 25 to 100 ppm. 

6.	 Information is not available on optimal pH ranges or tolerance 
1imits for black bull heads. Stroud (1967) bel ieved that a pH range 
of 6.5 to 8.5 allowed full production and growth for all life stages 
of freshwater fish. Hence, this range corresponds to an optimal SI 
rating. 

7.	 Data about thermal optima for black bullheads are somewhat 
conflicting. 

8.	 No specific information was found in the literature concerning the 
salinity tolerance of the black bullhead. However, optimal levels 
for adults are assumed to be 'S 2 ppt, with lethal levels near 15 ppt, 
based on data for other catfishes. 

It appears that there are i nsuffi c i ent data for model development and 
that is impossible to determine habitat requirements of black bullheads from 
currently available literature. It might be appropriate to postpone further 
development of an HSI model for black bullhead until additional information is 
available or, perhaps, to develop a general "bullhead model II instead . 
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Channel Catfish •
Although originally absent from central Atlantic drainages, the channel 

catfish has been widely introduced and now occurs throughout the United States 
and much of northern Mexico (Glodek 1980b). Channel catfish were expected to 
occur in all of the reservoirs investigated. In the channel catfish model 
used (Appendi x A), the food component (C ) is dependent on percent ca.ver

F
(logs, boulders, cavities, brush, debris, or standing timber) during summer 
within pools, backwater areas, and littoral areas (V 1 ); percent- littoral area 

during summer (VI); and monthly average TDS during summer (V tli ). The cover 

component (CC) is calculated from variables V1 and VI' The water quali~y 

component (C ) is determi ned from the average midsummer water temperatureWQ 
within pools, backwaters, or littoral areas for adults (V s ), fry (V lI ), and 

juveniles (VI.); maximum monthly average turbidity during summer (V 7 ); average 

minimum dissolved oxygen levels in pools, backwaters, or littoral areas during 
midsummer (VI); and maximum salinity during summer for adults (V g ) and fry and 

juveniles (V l1 ). If any of these variables S 0.4, C = the lowest of theWQ 
variable values or the equation. Twice the value from the suitabilityCWQ 
index curve for the length of the agricultural growing season (2V 6 ) can be 

used instead of: • 
to determine Agricultural growing season was used for Lanier, WestCWQ ' 

POint, Shelbyville, and Sangchris Reservoirs. The reproductive component (C R) 
is determined from percent cover (logs, boulders, cavities, brush, debris, or 
standing timber) during summer in pools, backwater, and littoral areas (V 1 ); 

percent littoral area during summer (VI); average minimum dissolved oxygen 

levels in pools, backwaters, or littoral areas during midsummer (VI); average 

water temperatures in pools, backwaters, and littoral areas during spawning 
and embryo development for embryos (V IO ); and maximum salinity during spawning 

and embryo development -for embryos (V ll ). If VI' VIO , or Vtl S 0.4, CR = the 

lowest of VI' VlO , Vl1 , or CR equation. 

There was a relatively low correlation between the HSI and estimated 
standing crop (Table 8-7) of channel catfish from the reservoirs tested 
(r =0.461). Fishing pressure may influence standing crop to the degree that 
habitat is not the limiting factor in these reservoirs. As with the other HSI 
models evaluated, the failure of the model to account for biological inter
actions may limit the applicability of the model for predicting standing • 
crops. 
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Common Carp 

Although the common carp is native to temperate portions of Eurasia, it 
has become established throughout the United States (Allen 1980). The common 
carp was expected to occur in all of the reservoirs investigated. The foodl 
cover component (CC/F) of the model (Appendix A) is determined from the percent 

vegetative cover in shallow areas during spring and summer (VI) and percent 

1i ttora 1 area duri ng spri ng and summer (Vs )' The water qua 1i ty component 

(CWO) is calculated from maximum monthly average turbidity during average 

summer flow or summer stratification (V 7 ); maximum midsummer water temperature 

during average summer flow for adults (VI); maximum water temperature during 

average summer flow for juveniles and fry (V lO ); average dissolved oxygen 

levels during summer for fry, juveniles, and adults (V IJ ); and pH range during 

the year (VIS)' If (VI x V )1/2 or V $ 0.4, CWO = the lowest ofu I4 

1/2(V. x Vu) ,V IIt , or the CWO equation. An optional salinity variab1e (V 12 ) 

can be used if salinity is considered a potential problem in the study area. 
The reproductive component (C R) is determined from VI' percent littoral area 

during spring and summer (Vs ), average water temperatures during spawning for 

embryos (V,), and average dissolved oxgyen levels during spawning (March-June) 

for embryos (V IIt ). An additional component (COT) is directly related to the 

reservoir storage ratio (V,). 

The carp model had one of the highest correlations (r = 0.55) of HSI's 
and standing crops of the models tested. Reservoirs with the lowest standing 
crops also had the lowest HSI's. However, the four reservoirs with 0 or 
extremely low HSlis still supported relatively high standing crops of common 
carp (Table 8-8). 

Discussion 

Cove rotenone samples can be expected to be biased in terms of describing 
an entire fish population. Cove samples would underestimate the reservoir
wide abundance of fi sh that prefer open water and overestimate abundance of 
fish that prefer cove areas. Factors to adjust species cove sample data to 
represent open water areas are summarized by Davies and Shelton (1983). These 
factors were not applied to the data described in this report. The HSI models 
were actually tested as predictors of standing crops in coves rather than an 
entire reservoir . 
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Predicting the biological consequences of habitat alterations is an ~ 
appealing idea. The HSI models tested in this study failed to predict standing 
crops in reservoirs (Table 1) and, thus, may not be capable of predicting 
consequences of alterations. Based on these prelim'inary tests, the assumption 
that fish species abundance is directly regulated by certain physical and 
chemical habitat characteri stics has not been demonstrated. Some obvious 
problems with the tested models and designing a test for the models included: 
(1) difficulty in obtaining or predicting the precise information concerning 
variables required by the models; (2) dependence on relatively simple and 
easily measured physical-chemical parameters; (3) determination of appropriate 
variable weighting values and the interactions among variables; (4) failure of 
individual model variables to compensate for the ability of fish to overcome 
short term or localized adverse physical-chemical conditions; (5) failure to 
include interspecific interactions among fish species; (6) failure to include 
the influences of exploitation on sport and commercial species; (7) the 
assumption that standing crop is a direct reflection of carrying capacity did 
not appear to be valid for the test data utilized; and (8) physical-chemical 
factors were apparently not ·limiting elements for the fish populations 
evaluated. 

Table 1. Regression equations, probability values, correlation
 
coefficients of HSI1s, and standing crops of selected reservoir
 
fishes.
 

~ Correlation 
Species Regression equation P coefficient 

Green sunfi sh Y = 0.01890X + 0.0588 0.470 0.370 

Warmouth Y =0.02336X + 0.6467 0.674 0.196 

B1ueg ill Y =0.00887X + 0.3652 0.315 0.498 

Black. crappie Y = -0.020Z7X + 0.7608 0.093 -0.740 

Largemouth bass Y = -0.00071X + 0.7635 0.833 -0.112 

Black. bullhead Y = 0.01970X + 0.4029 0.515 0.336 

Channel catfish Y =0.02074X + 0.5799 0.366 0.461 

Carp Y =0.01016X + 0.0369 0.256 0.552 

~ 
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Even the relatively easily measured parameters used the in tested models 
are not routinely recorded for most reservoirs. The following examples illus
trate some problem areas in model variable determination. The models were 
evaluated for reservoirs where intensive limnological and fisheries studies 
recently had been completed. Information concerning percent cover usually was 
obtained from State or Federal biologists familiar with the reservoir. Where 
there was considerable variation in estimates provided by various individuals, 
the estimate of percent cover was considered very impercise. IlLittoral area ll 

was used in determination of several components. However, the term was not 
defined in the model, and each model user was forced to define this variable 
based on the limnological literature or their own experience. These two 
commonly used parameters were the most difficult to estimate and probably the 
least precise. Total dissolved solids is seldom measured, but, in southeastern 
reservoirs, it usually is directly obtainable from specific conductivity 
measurements (TDS = specific conductance x 0.66). 

Only physical-chemical parameters that can be predicted or measured 
easily are used in the models. This necessary limitation of variables forces 
the assumption that these are the parameters that limit fish populations when 
testing the models against population data. 

Many of the models included variables such as maximum temperature, flow, 
and drawdown. Stringent definitions concerning possible one time or short 
term events fail to recognize the abil ity of fi sh to avoid or overcome such 
adverse conditions by seeking temporary refuge in a less harsh environment. 
Therefore, 0 SIl s or HSI's may occur in some situations where fish obviously 
survive or even thrive . 

A major shortcoming of the tested models appears to be a lack of consid
eration of the biological interactions of different species of fish. The 
population dynamics of predators (e.g., largemouth bass) affect the population 
dynamics of prey species (e.g., bluegills), and the inclusion of variables 
that recognize such interactions or even potential diversity (e.g., number of 
species reported from drainage) might improve model performance. 

Limiting the models to physical-chemical parameters precludes considera
tion of the influence of exploitation. Unfortunately, the species that often 
are most important to man are those that have recreational or commercial 
value. Regulation of catch rates and size limits of fishes to increase catch 
and standing crop of a particular species confirms the importance of the 
effect of exploitation on fish populations. 

In order to evaluate the models as predictors of carrying capacity, it is 
necessary to assume that standing crop is a direct reflection of carrying 
capacity. However, exploitation, biological interactions, and numerous other 
factors can limit fish abundance short of carrying capacity. In addition, it 
was assumed that estimates of standing crop based on rotenone samples 
accurate ly refl ected actua 1 fi sh abundance. However, rotenone samp 1es are 
subject to interpretation and sampling errors (Davies and Shelton 1983) . 
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Model performance for the species models tested (green sunfish, warmouth, •bluegill. black crappie, largemouth bass, black bullhead, channel catfish, and 
common carp) generally was very poor (Table 1). Positive correlation coeffi
cients of HSI's and estimated standing crops ranged from 0.196 for the warmouth 
model to 0.552 for the common carp model. Minor modifications of the models 
to preclude 0 HSI's in reservoirs where the species occurred did not signif
i cantly improve model performance. The hi ghest correl at i on coefficient was 
for the black crappie model. but it was a negative value. as was the correla
tion coefficient for the largemouth bass model. 

Based on these results, it is unlikely that the tested models could be 
modifi ed enough to S i gnifi cant ly improve performance in predi ct i ng actual 
standing crops as long as the models are limited to physical and chemical 
factors. 

RIVERINE MODEL TEST RESULTS 

Green Sunfish 

The green sunfish is not native to Atlantic coastal drainages (Lee 1980a) 
and was not expected to occur in the ·Altamaha or lower Apalachicola drainages. 
However, green sunfish are relatively common in some areas of the Apalachicola 
drainage (e.g., Chattahoochee River at Buford Dam tailwaters). The food/cover 
component (CF/C) of the model (Appendix A) is determined from percent bottom • 
cover (e.g., vegetation, rocks, and debris) within pools or littoral areas 
during summer (VI) and percent pool area during average summer flow (V 1 ). The 

water quality component (CWO) is based on minimum dissolved oxygen levels 

during summer (VioL maximum monthly average turbidity in pools or littoral 

areas during summer (V s ), pH range during summer growing season (V,), maximum 

midsummer temperature within pools and littoral areas for adults and juveniles 
(V,), maximum midsummer temperature in pools or littoral areas for fry (VI)' 

and an optional variable concerning maximum monthly average salinity during 
the grOWing season (VII)' The reproductive component (C R) is determined from 
the maximum temperature within pools or littoral areas during spawning (June-
July) for embryos (V,), substrate composition within pools or littoral areas 

during spawning for embryos (V 10 ), and average current velocity within pools 
during spawning (June-Ju)y) for embryos (V I2 ). 

Green sunfish were not expected to occur in the tested riverine habitats 
because they were not in its distribution range. It is difficult to assess 
the significance of the consistent a HSI's for the unmodified models 
(Table B-9). Zero HSI's were due primarily to high average current velocities 
in pools during spawning. Elimination of velocity variables resulted in 
positive HSI's. Mainstream sampling stations were selected to sample floWing 
water; these large southeastern coastal plain rivers have very few "poo l s". • 
Even though II poo l s" may be absent from sample areas, microhabitats among 
obstructions probably could provide sufficient shelter for green sunfish 
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reproduction. Green sunfish abundance in the tailwaters of Buford Dam 
(Chattahoochee River, Georgia) indicate that this species can do very well in 
areas with virtually no pools and high velocities. 

Because of the distribution of the species, attempts to evaluate the 
performance of the green sunfish model in Georgia rivers were inappropriate. 
The addition of a model variable concerning species distribution might be 
appropriate. For example, a value of 1.0 might be assigned to the variable if 
the sample area was in the center of the species distribution range with 
correspondingly lower values as sample areas occur toward the edge of the 
species' distribution range. 

Warmouth 

All of the sample areas were within the natural range of the warmouth 
(Lee 1980b), and the species was expected to occur in all of them. The food 
component (C ) of the model (Appendix A) is determined from percent instreamF
rooted aquatic vegetation, logs, rocks, roots, and brush in pools during 
average summer f1 ow (V2) and percent pool area duri ng average summer flow 

(V s ). The cover component is based on V2 , Vs , and water level stability 

during spawning and incubation (mid-May to mid-July) for embryos (V 12 ). The 

water quality component (CWO) is determined from the length of the agricultura1 

growing season (average number of days from last to first frost) (V 1 ), 

dissolved oxygen range during summer (V 3 ), pH range during the year (V,), 

maximum .sal inity during average summer flow (V 1 ), average mean weekly water 

temperature during mid-June to mid-September (Va), and maximum monthly average 

turbidity during average summer flow (V lO ), with V3 and Va weighted most 

heavi ly. I f any subcomponent of the CWO equat i on equals zero, equalsCWQ 
zero. The reproductive component (C ) of the model is based on V12., averageR
mean weekly water temperature during spawning (mid-May to mid-June) for embryos 
(V,) and V2 • The "othern component (COT) is determined from average stream 

velocity at 0.6 depth during average summer flow (V ll ) and stream gradient in 

reach (V .. ). 

All sample areas had HSI's of·O. However, estimates of warmouth standing 
crop varied from 15.3 kglha in Altamaha (Oxbow) River to 0.05 kglha in the 
Flint River (Table 8-10). Zero HSI's were due to the fact that the average 
stream velocity at 0.6 depth during average summer flow (V 11 ) exceeded 16 cm/s. 

When V11 was eliminated from COT determination, performance of the mode1 

improved. It appears that the average velocity variable (V 11 ) does not account 

for the numerous microhabitats available in the diverse environment of a large 
southeastern coastal plain river. Warmouths and other riverine fishes 
apparently utilize these available microhabitats to avoid the harsh conditions 
associated with high velocities. 
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Bluegill • 
All of the sample areas were within the natural range of the bluegill 

(Lee 1980c), and the species was expected to occur in all of them. The food 
component (C ) of the b1uegi 11 model (Appendi x A) is based on percent pool

F
area during average summer flow (V 1 ) and percent bottom cover (aquatic vegeta

tion, logs, and debris) in pools or littoral areas during summer (V2 ). The 

cover component (CC) of the model is dependent only on V2 • The water quality 

component (CWO} is determined from maximum monthly average turbidity (suspended 

solids) during average summer flow (V s ), pH range during growing season (Vi), 

dissolved oxygen range during summer (V 7 ), maximum monthly average salinity 

during the growing saason (V.), maximum midsummer temperature within pools or 

littoral areas for adults (V~), and maximum early summer temperature within 

pools or littoral areas for fry (V ll ) and for juveniles (V 12 ). The reproduc

tive component (C R) is determined from the average of mean weekly water 

temperatures in pools or 1i ttora1 areas duri ng spawni ng (February-August; 
water temperature 19 to 34° C) (V 10 ), average current velocity during spawning 

for embryos (V 1 _), and substrate composition in pools or littoral areas during 

spawning for embryos (VB)' The lIother" component (COT) of the model is based • 

on average current velocity during growing season for adults (V 11 ) and for fry 

(V 1S ) and stream gradient within a representative reach (V 17 ). 

Bluegill HSI's and estimated standing crops (Table B-11) were strongly 
correlated (r = 0.79). The bluegill model performed better than any other 
model tested, and no model modifications were attempted. 

Black Crappie 

All of the sample areas were within the natural range of the black crappie 
(Lee 1980d), and the species was expected to occur in all of them. The foodl 
cover component of the black crappie model (Appendix A) is based on(C F/C ) 

percent cover (e. g., vegetation, brush, debri s, and standi ng timber) duri ng 
midsummer in pools, overflow areas, and back waters (Vz ) and percent pools and 

backwater areas during ~verage spring and summer flow (V s ). The water quality 

component (CWO) is determined from the most suitable water temperature in 

pools and backwaters during midsummer for adults (V.), juveniles (V,), and fry 

(V 10 ); minimum dissolved oxygen levels within the temperature strata selected 

above (V., V" and VlI ) during midsummer (V u ), pH level s during the year 

(V 7 ), and maximum monthly average turbidity during summer (V 1 ). An optional 

variable concerning maximum salinity during growing season (V 1 _) can be added • 

to the Cwo equation. The reproductive component (CR) is based on Vz , V'S, 
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average water temperature in backwaters during spawning for embryos (V 11 ), and 

minimum dissolved oxygen levels in backwaters during spawning for embryos and 
fry (V 13 ). The If other ll component (COT) of the model is determined from stream 

gradient within the study area (V J ) and average current velocity in pools and 

backwater areas during average summer flow (V~). 

The HSr1s did not correlate well with estimated standing crops 
(r = -0.096). Only the Altamaha (Mainstream B) sample area had an HSI = 0 
(Table B-12), which was due to the high water temperatures in pools and back
waters during midsummer that might adversely effect black crappie juvenile and 
fry. Variables, such as this one, fail to consider the ability of fishes to 
avoid an excessively high lIaveragell temperature by temporarily seeking refuge 
in adjacent areas with lower temperatures. 

Largemouth Bass 

All of the sample areas were within the natural range of the largemouth 
bass (Lee 1980e), and the species was expected to occur in all of them. The 
food component (C F) of the largemouth bass model (Appendix A) is determined 

from percent pool and backwater area duri ng average summer flow (V 1) and 

percent bottom (e.g., aquatic vegetation, logs, and debris) cover within pools 
or backwaters during summer for adults and juveniles (V J ) and for fry (V~) . 

The cover component (CC) of the model is based on V , V~, average water level1 

fluctuation during the growi~g season for adults and juveniles (VI') and for 

fry (VIS)' The water quality component CWO of the model is based initially on 

maximum salinity during summer for adults and juveniles (V 12 ) and for fry 

(V l1 ). Minimum dissolved oxygen levels during midsummer in pools (V,), pH 

range during growing season (V 7 ), average water temperature in pools or back

waters during the growing season for adults and juveniles (Va) or for fry 

(V u ), and maximum monthly average turbidity (suspended solids) during the 

growing season (V ll ) are also considered in CWO' The reproductive component 
of the model is determi ned from VI, average weekly mean temperature wi thi n 

pools during spawning and incubation for embryos (V~), maximum salinity during 

spawning and incubation for embryos (V 14 ), substrate composition in riverine 

pools and backwaters for embryos (VIS), maximum water level fluctuation during 

spawning for embryos (V 17 ), and maximum current velocity at 0.2 depth within 

pools or backwaters during spawning (May to June) for embryos (V 2C )' The user 

has two options for the lI other lf component (COT)' One option considers average 

current velocity at 0.6 depth during summer for adults and juveniles (V 19 ) and 

for fry (V 21 ). The other option for the COT determination considers only the 

stream gradient within the representative reach (V 22 ). 
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The original model performed very poorly, with all sample areas having an 
HSI of O. Zero HSI's were due to a CR values resulting from high velocities • 
in pools and backwaters. In many of the sample areas, actual "poo l su or 
lIbackwatersll were absent, and the maximum velocities during the designated 
time period exceeded 10 cm/s. Elimination of this variable (V: D) resulted in 

considerable improvement in model performance (r = 0.785). Large segments of 
many southeastern coastal plain rivers have virtually no "poo l s" or "back
waters ll , and the definition of variable V probably should be modified foru 

this area. The new definition should take into consideration the fact that 
largemouth bass can thrive in these situations by staying in small protected 
areas along the shore. The relatively high standing crops in mainstream 
samples confirm the ability of largemouth bass to thrive in large, fast flowing 
rivers. 

81 ack 8ull head 

The black. bullhead is not native to any of the sample areas (Glodek 
1980a) and was not expected to occur in the tested rivers. The food component 
(C F) of the model (Appendix A) is determined from percent pools and backwaters 

during average summer flow (V 1 ) and percent cover objects (e.g., vegetation, 

brush. and debris) within pools or backwaters during summer (V:). The cover 

component (Cc) is based on V V:, and average current velocity at 0.6 depth1 • 

during average summer flow (V]). The water quality component (CWQ ) ;s deter

mined from maximum midsummer water temperature within pool s or backwaters •
(V 4 ), dissolved oxygen range within pools or backwaters during summer (V s ), pH 

range during the year (V,), and maximum monthly average turbidity (suspended 

solids) during the growing season (V,). The reproductive component (C R) is 

determined from maximum sal inity during early summer (May-June) for embryos 
and fry (V.), V average water temperature within pools or backwaters during 1 , 

spawning and embryonic development for embryos (V 10 ), dominant substrate type 

in pools and backwaters for spawning (V 11 ), and percent cover objects (e.g., 

vegetation. brush, and debris) in pools or backwaters during spawning for 
embryo s (V 12 ) • 

As expected, black,bullheads did not occur in any of the sample areas. 
HSI's were a for all sample areas (Table 8-14). 

Many of the Suitability Index curves used to determine variable values 
were based on assumed simil arit i es of habitat requi rements between bl ack 
bullheads and other bullheads or catfishes in general because of the lack of 
information specific to the black bull head. Therefore, it was assumed that 
the model also could be used to assess habitat suitability for other bullheads. 
Models were modified by eliminating variables that resulted in a HSI's and 
comparing the resulting HSI's with estimated standing crops of brown bullheads •
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(Table 8-14). HSI's for the original and the modified model did not correlate 
well with estimated standing crops of IIbullhead s l\; correlation coefficients 
were 0.200 and 0.263, respectively. 

Zero HSlis in tested habitats were due to high average current velocities; 
however. standing crops of brown bullheads were relatively high (> 40 kg/ha) 
at three of the sample areas. Lack of specific information concerning the 
habitat requi rements of the bl ack bull head obvi ous ly 1imi ts the use of the 
model. 

Channe 1 Cat fi sh 

The channel catfish is native to central drainages of the United States; 
however, it also has been widely introduced in Atlantic coastal drainages 
(Glodek'1980b). The channel catfish was expected to occur in all of the 
samp1e areas. The food component (C F) of the channel catfish model 

(Appendix A) is based on percent cover (logs, boulders, cavities, brush, 
debris, or standing timber) during summer in pools or backwater areas (V 2 ) and 

food production potential in the river by substrate type present during average 
summer flow (V .. ). The cover component (CC) is determined from percent pools 

during average summer flow (VI). V2 , and average current velocity in cover 

areas during average summer flow (V l .). The water quality component (CWO) is 

based on average midsummer water temperature within pools or backwaters for 
adults (V s ), fry (V I2 ). and juveniles (V l .. ); maximum monthly average turbidity 

during summer (V 7 ); average minimum dissolved oxygen levels within pools or 

backwaters during midsummer (V.); and maximum salinity during summer for 

adults (V,) and for fry and juveniles (V Il ). The reproductive component (C 
R

) 

is based on Vl , V2 , V•• average water temperatures within pools and backwaters 

during spawning and embryo development for embryos (VIC), and maximum salinity 

during spawning and embryo development for embryos (V ll ). In HSI determina

tions, CWQ and CR were weighted more heavily than C and CC' F 

HSI's and estimated standing crops were not well correlated (0.049). 
There was little variation in HSI's (0.55 to 0.69), and two sample areas 
having HSI's of 0.69 had standing crops of 1.7 and 33.6 kg/ha, respective,ly 
(Table B-15). 

There were no obvious problem areas in the channel catfish model. 
However, factors other than habitat may be limiting channel catfish abundance. 
All of the sample areas support a commercial catfish fishery, and channel 
catfish is the preferred species . 
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Common Carp • 
The common carp has been widely introduced throughout the United States
 

(All en 1980) and was expected to occur ina11 of the samp 1e areas. The food
 
component (CF) of the model (Appendix A) is based on percent vegetative cover
 

in shallow areas during spring and summer (V 1 ) and percent pools. bacKwaters, 

and marsh areas during average summer flow (V~). The cover component (CC) is 

determined from Vb V•• and percent cover in deeper pools (V]). The water 

quality component (CWO) is based on maximum monthly average turbidity during 

average summer flow (V 7 ), maximum midsummer water temperature during average 

summer flow for adults (VI) ~nd for juveniles and fry (V 10 ); average dissolved 

oxygen levels during summer for fry, juveniles, and adults (V 13 ); and pH range 

during the year (V 1S ), with the option of adding a maximum salinity variable 

(V 1 :z). The reproductive component (C R) is determined from V1 , V... average 

water temperatures during spawning for embryos (V,); maximum depth of pools, 

marshes, and bacKwaters duri ng spawni ng (V 11); and average di sso1ved oxygen 

1evel s duri ng spawni ng (March-June) for embryos (Vl/o)' The "other" component 

(COT) is determined from average velocity during average summer flow (V:z). 

All sample areas had HSI1s within the rather narrow range of 0.49 to 0.62 
"(Table 8-16); however, estimated standing crops ranged from 0 to over • 
136 kg/ha. The HSI's had a weak positive correlation with estimated standing 
crops. No variables were obviously dissimilar for the habitats tested, and it 
is impossible to determine the specific variables that need to be modified to 
improve model performance. 

Discussion 

Tested riverine HSI models performed poorly, and HSI's generally did not 
correlate well with estimated standing crops (Table 2). The bluegill model 
was a notable exception, with a correlation coefficient of 0.79. An obvious 
problem with the application of the tested riverine HSI models in large south
eastern coastal plain rivers was associated with the current velocity 
variables. Model performance 1n some other cases (e.g., largemouth bass) was 
improved considerably by modifying current velocity variables. Elimination of 
the velocity variables ~hat resulted in 0 HSI's in the largemouth bass model 
resulted in a correlation coefficient of 0.79 when slough and oxbow velocities 
were assumed to be O. It should be noted that these modifications eliminated 
an obviously important habitat characteristic (current velocity), and such 
model modification probably would not be appropriate for smaller, less diverse 
habitats. 

•
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• Table 2. Regression equations, probability levels, and correlation 
coefficients between HSI's and standing crops of selected species of 
riverine fishes. 

Species Model Regression equation P 
Correlation 
coefficient 

Green sunfish Orig. 
Mod. 

not ca 1c. ; only 1 data 
Y = 0.20.4X + 0.632 

set 
-0.602 

Warmouth Mod. Y = 0.0064X + 0.6967 0.375 0.446 

Bluegill Orig. 
Mod. 

Y = 0.0046X 
No data set 

+ 0.5364 0.059 0.791 

Black crappie Orig. 
Mod. 

Y = -0.0014X + 0.4895 
not calc.; only 1 data set 

0.857 -0.096 

Largemouth bass Orig. 
Mod. Y = 0.0095X + 0.6031 0.157 0.785 

• Black bullhead 

Channel catfish 

Or;g. 
Mod. 

Orig. 
Mod. 

Y = -0.092X + 0.092 
Y = 0.0022X + 0.5487 

Y = 0.0002X + 0.5923 
not calc. ; only 1 da ta set 

0.582 

0.927 

0.200 
0.263 

'0.049 

Carp Orig. Y = -O.OOOlX + 0.5559 0.825 0.117 
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Many riverine fishes utilize the protected areas along the bank. Although ~ 
these areas may be sma11, they provide sufficient protected habitat for the 
fish to thrive. Also, many of the models rely heavily on Il poo P' and 
Ilbackwater ll characteristics. In the sample areas tested, and in a considerable 
port i on of 1arge southeastern ri vers that support these speci es, upoo 1Sl' and 
IIbackwaters lt are vi rtua lly nonexi stent. 

Riverine models apparently were based to a large degree on assumptions 
that apply better to small streams with alternating pools and riffles. The 
sample areas tested were large rivers that consist of flowing waters with few, 
if any, upool Sll or "backwaters ll 

• Different suitabil ity curves based on 
geographic or physiographic characteristics and flow might need to be developed 
for these situations. 

The models tested did not result in HSI1s that accurately reflected 
estimated standing crops. It appears that major modifications of some variable 
definitions (e.g., velocity standards, percent pools and backwaters, and 
associatad cover components) would be required to make the models apprapr~ate 

for all flowing water environments. As discussed for the reservoir models, 
stringent variable definitions fail to recognize the adaptability of fishes in 
terms of avoiding short term adverse conditions. 
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APPENDIX A 

SUITABILITY INDEX (SI) GRAPHS AND HABITAT 
SUITABILITY INDEX (HSI) MODELS TESTED 

GREEN SUNFISH 

Suitability Index (SI) Graphs for Green Sunfish Model Variables 

The uR u for riverine and lILIi for lacustrine 
describe where the variable should be measured. 

Habitat Var;able 

R,L 

• 

R 

Percent bottom cover 
(e.g., vegetation, 
rocks, debris, etc.) 
within pools or 
littoral areas during 
summer. 

Percent pool area 
during average summer 
flow. 

under the heading Ilhabitat ll
 

Suitability graph
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R Stream gradient within 
representative reach. 

R,L v.. Minimum dissolved oxygen 
levels during summer. 

A) 
B) 
C) 
D) 

Usually> 5 mg/l 
Usually 4-5 mg/l 
Usually 2-4 mg/l 
Frequently S 2 mg/l 

Note: Lacustrine DO 
levels refer to 
littoral areas. 

R,L V, Maximum monthly average 
turbidity within pools 
or littoral areas during 
the summer. 
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• R,L V, pH range during summer 
growing season. 

A) 6.5-8.5 
B) 5.0-6.5 or 8.5-9.0 
C) 4.0-5.0 or 9.0-10.0 
D) < 4.0 or > 10.0 

R,L V7 Maximum midsummer 
temperature within 
pools or littoral 
areas (Adul t, 
Juvenile). 

x 
Q) 

"C 
c:-

• 
>, 

.f-I.... ..... 
J::l 
~ 

.f-I 

~ 
(/) 

R,L V. Maximum midsummer 
temperature within 
pools or littoral 
areas (Fry). 
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R,L V, Maximum temperature 1.0 
within pools or 
1ittoral areas during x •0.8spawning (June-July)	 <1l 

-~ 

(Embryo) .	 c:::

>, 0.6 
..
..--~ 

0.4 
.Q 
ta 
~ 
..
~	 0.2 
Vl 

0.0 

-
-

-
-

. 

, 
I

I

I

.. 
, 

o 10 20 30 40 

R,L	 Substrate composition 1.0 
within pools or littoral 
areas for spawning x 

<1l 0.8(Embryo) . . 
~ 
c:::

A)	 Boulder (> 20.0 em) - 0.6 
and bedrock predomi ~ 

..
nate (~ 50%). -..- 0.4 

.QB) Cobble (5.0-20.0 em)	 
ta

predominate.	 .
.. •C)	 Silt and sand ~ 0.2 

(s 0.2 em) 
Vl 

predominate. 0.0D)	 Pebbles and gravel
 
(0.2-5.0 em)
 
predominate.
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, 
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R Average current velocity 
within pools during 
average summer flow 
(Adult, Juvenile). 
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• 
R V	 1.0

l1	 Average current velocity 
within pools during 

>(

spawning (June-July) 
-0 0.8(I) 

I:::(Embryo) . ..... 
>, 0.6 ..... .~ 

~ 

.~ 

.Q 0.4 
rc ..... .
:l 
~ 

0.2Vl 

0.0 
a 5 10 15 20 

em/sec 

R V13 Average current velocity 
within pools during 

1.0 

average 
(Fry) . 

summer flow 
>( 
(I) 
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R Vl/t Average stream width 

within 
reach. 

representative 1.0 
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--

L 

L Vu	 Average TDS level during 
growing season when the 
carbonate-bicarbonate> 
sulfate-chloride ionic 
concentration. If the 
sulfate-chloride ionic 
concentration> the 
carbonate-bicarbonate 
ionic concentration, 
the SI should be 
lowered by 0.2. 

Vu	 Percent littoral 
during summer 
strat ifi cati on. 

area 

L V17 Reservoir drawdown during 
spawning (Embryo). 
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• R,L Maximum monthly average 1.0 
sa 1; ni ty' duri ng growi ng 
season (Optional). x 0.8<lJ 

Note: V1 • can be omitted " t: .......
 
0.6if salinity is not b .,....considered to be a ,..... .,....potential problem 0.4 

.CJ
within the study ro 

area. 
~ 

~ 0.2 
Vl 

0.0 
a 2 4 6 8 

ppt 

Reservoir Habitat Suitability Index Model 

Food Component (C F) = V1S 

• Cover Component (CC) 

2V~ + Vs + Vi + V, + VI if VlI , optionalWater Quality Component (CWQ ) = 6 
variable, is 

omitted. 

If V~, V" or V. ~ 0.4, CWQ = the lowest of V~, V" VI' or above equation. 

Reproduction Component (C ) = (V, x V10 x V1 ,)1/3R

If habitat being evaluated is a natural pond or lake, omit V1 ,: 

= (V V )1/2 CR ,x 10 

HSI 

• If CWQ or CR ~ 0.4, the HSI = lowest of CWO' CR' or above equation. 

305 



Riverine Habitat Suitability Index Model • 
2V. + V + V, + V + V, + Vs 7 1 , 

7 

If V•• V7 • or V, S 0.4, Cwo = lowest of V., V7 , V•• or above equation. 

2V. + V! + V, + V7 + V, 
CWQ ::;; 6 if V (optional salinity variable) is omittedlI 

Vll + Vu 

2
COT = -------'''---=2-.5=------- • 

~ 0.4, HSI or above equation, whichever is lower.If CWQ =CWQ 

•
306 



• WARMOUTH
 

Suitability Index (SI) Graphs for Warmouth Model Variables
 

The "R II for riverine and "L" for lacustrine entered under the heading 
IIhabitat ll describe where the variable should be measured. 

Habitat Var.iable 

R,L V1 

• R V'J, 

Length of agricultural 
growing se~son (average 
number of days from 
last to first frost). 
This rating criteria 
would not be applic
able to areas where 
exogenous factors 
significantly affect 
water temperature. 

A) > 200 days 
8) 160-200 days 
C) < 160 days 

Percent instream struc
ture of rooted aquatic 
vegetation. logs, rocks. 
roots, and brush in 
pools during average 
summer flow. 

Note; This variable 
provides a 
measure of 
cover ava il 
abil ity to all 
1i fe stages and 
a measure of 
habitat for food 
production. 

Suitability graoh 
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R,L	 Dissolved oxygen range 1.0 
during summer (temp
erature ~ 20° C). X 

<11 0.8 

-=A) DO usually> 6 mg/l; 
~ 

never < 5 mg/l. ~ 0.6 
B) DO usually> 3.6 mg/l; +-I.... ,.... 

never < 2.0 mg/l. :Q 0.4
C) DO often ~ 3.6	 mg/l, <C 

+-I
but	 > 1 mg/l . .... 

:;, 0.2D)	 DO drops to levels Vl
 

S 1 mg/l.
 
0.0 

Measure in pools or A B C	 oshallow shoreline 
areas in 1akes or mg/l 
reservo irs. 

R v..	 Stream gradient in
 
reach.
 

0 2 4 6 8 

m/km 

R V,	 Percent pool area 1.0
 
during average
 
summer flow.· x
 

<11 0.8 
=-~ 

>, 0.6 
+-I.... ,.... .... 0.4 
~ 
<C 
+-I.... 
:;, 0.2Vl 

0.0 
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% •
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• R,L V, pH range during the 1.0
 
year:
 

x
 
Q) 0.8A) pH between 6.0 

and 9.0.	 
"0e:.... 

B) pH between 5.0-6.0 >, 
0.6 

or 9.0-11.0.	 +-' 

. C) pH < 5.0 or > 11. O. 

.~ 

~ 

.Q 
0.4 

~ 
+-' 
~ 

:::] 0.2 
V') 

0.0 

, 

- ~ 

-
- -
.. -

. 
A B c 

R,L V7	 Maximum salinity 1.0
 
during average
 
summer water
 

~ 0.81eve 1.	 "0 
e: 

.... 0.6 

•	 
~ 

>, 
+-' 

:;:: 0.4 
.Q 
rt:l 

.; 
+-' 

0.2 
V') 

0.0 

ppt 

R,L V,	 Average mean weekly 1.0
 
water temperature
 
during mid-June to ~ 0.8
 
mid-September (Fry, "0
e:
Juvenile, and Adul t). .... 
Measure in pools or >, 0.6 

.~shallow shoreline 
+-' 

areas in 1akes or ~ 0.4 
reservoi rs. ~ 

+-' 

.; 0.2 
V') 

0.0 
0 10 20 30 40 

•	 
°C 
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R,L V,	 Average mean weekly 
water temperature 
during spawning (mid-
May to mid-June) 
(Embryo) . 

Note: If daily temp
erature fluctuations 
are> 5° C, SI =O. 

R,L Vu	 Maximum monthly 
average turbidity 
during average 
summer flow. 

R Vl1	 Average stream velocity 
at 0.6 depth during 
average summer flow. 
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• R,L Water level stability 1.0
 
during spawning and
 
incubation (mid-May to
 

~ 0.8mid-July) (Embryo). -0 
s:: ..... 

A) Water level fluc >, 0.6 
tuations < ±l m. +-> 

r-B) Water level fluc :0 0.4tuations > ±l m. rc 
+-'.... a 0.2 

0.0 
A 8 

- I 

- I 

- I

- I

L	 Mean total dissolved 1.0
 
solids (TDS) during
 
the summer. ~ 0.8
 

-0 
s:: ..... 
>, 0.6 

•	 
+-> ..... 
:0 0.4 
rc 
+-'.... a 0.2 

0.0 
a 600 900300 

TDS 

L V114 Percent cover along 
the shoreline at 

1.0 

< 3 m depth during ~ 0.8 
average summer 
conditions. 

-0 
s:: ..... 
>, 0.6 
+-'.... 
~ 0.4 
.Q 
rc 

+-> 
.; 0.2 
VI 

0.0 
a 25 50 75 100 

• 
0/
/0 
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L	 Average mean depth/ 
shoreline development 
during average summer 
conditions. 

A)	 Characterized by 
low mean depths 
« 3 m) and/or high 
shoreline develop
ment of extensive 
areas (~ 20%) of 
shallow, gently 
sloping shoreline. 

B)	 Characterized by 
moderate mean depths 
(3-8 m) and/or mod
erate shoreline 
develooment of some 
« 20%) shallow, 
gently sloping 
shoreline areas 
present. 

C)	 Characterized by 
high mean depths 
(> 8 m) and/or low 
shoreline develop
ment (steep, rocky 
shoreline). 

Reservoir Habitat	 SUitability Index Model 

Vi + 2 V] + V, ~ V, + 2 V. + Via 
if VJ8
 

If V] or V. ~ 0.4, = the lowest of V], VI'
CWQ 

If any variable equals 0, CwQ = 0 

312 

1.0 •..~ 0.8 
"'C c.... 
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......
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I
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V') 
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and V. > 0.4 

or above equation. 

•
 



•
 
HSI = (C

F 
x Cc x C 2 X C 2)1/6WQ R 

If CC> CR' or CWQ ~ 0.4, HSI = the lowest component rating. 

Riverine Habitat Suitability Index Model 

V1 + 2(V 1 ) + V, + V7 + 2(Va ) + V1D 
if V and Va both> 0.48 1 

• If V or Va ~ 0.4, CWQ = lowest of V1 , Va, or above equation.1 

If any variable = 0, =o.CWQ 

If V11 or V~ equals 0, COT = 0 

If CC' CR, or COT ~ 0.4, the HSI = the lowest component . CWQ ' 
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BLUEGILL 

Suitability Index (SI) Graphs for Bluegill Model Variables • 
The IIR" for riverine and "LII for lacustrine entered under the heading 

IIhabitat ll describe where the variable should be measured. 

Habitat Variable 

R Percent pool area 
during average 
summer flow. 

R,L Percent bottom cover 
(aquatic vegetation. 
logs, debris, etc.) 
within pools or 
littoral areas 
during summer. 

Suitability graph 

1.0 

0.8 
x 
<1l 

"'C 0.6s:-
~ 0.4 
,....-
~ ... 0.2 

:::::s 
Vl 0.0 

a 2S 50 75 100 
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0.8 
x 
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• 
L V3 Percent 1i ttora 1 area 

during summer 
stratification. 

x 
Q) 

"'0 
I:::-

1.0 

0.8 

0.6 

~ 0.4 

''
.a 
~..., 0.2 

::::l 
V) 0.0 

a 20 4.0 60 80 100 

" .~ 

L v. A~erage TDS level 
during growing 1.0 

season. 
0.8 

A) Carbonate-
bicarbonate> 
sulfate-chloride 

x 
Q) 

"'0 
I::: 0.6-

• 
ionic concentra
tion. 

>,..., 

.a 
~..., 
::::l 

0.4 

0.2 
V) 

0.0 

0 200 400 600 800 1000 
ppm 

B) Sulfide-chloride 
1.0 

> carbonate-
bicarbonate ionic x 0.8 
concentration. Q) 

"'0 
I::: 0.6 
>,..., 
r 0.4 
~ 

.a 
~..., 0.2 
::::l 
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R,L Vs	 Maximum monthly average 1.0 
turbidity (suspended 
solids) during average 0.8 summer flow or summer 

xstratification.	 4.l 
""0 0.6c:-
.....>, 

0.4....
.....
..c 
", 0.2 ..... 
:::::l 

V1 0.0 

0 50 100 150 200 

ppm 

R,L V,	 pH range during growing 1.0season. 
x 0.8A) 6.5-8.5	 4.l 

""0
B) 5.0-6.5 or c:

8.5-10.0 -
>, 0.6

C) 4.0-5.0 or ..... .....
10.0-10.3 -.... 0.4 

.J:lD) < 4.0 or	 
", 

> 10.3	 ..... •
:::::l 0.2 

V1 

0.0 
B c o 

R,L V.,	 Dissolved oxygen 1.0
range during summer. 

x 
4J 0.8A) Seldom below 5.0 mg/l ""0 

B) Usually between 3.0 c:-and 5.0 mg/l	 >, 0.6 
.....C)" Usually between	 1.5 ........and 3.0 mg/l	 .... 0.4.J:lD) Often be low 1. 5	 mg/l ", ..... 
:::::lNote: Lacustrine DO V1 0.2 

levels refer to littoral 
areas; ri veri ne DO 0.0refers to pools. B c o 

•
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• R,L VI Maximum monthly average 
salinity during growing 
season. 

R.,L V, Maximum midsummer 
temperature within 
pools or littoral 
areas (Adult). 

• 
R,L VlO Average of mean 

weekly water temp
eratures within 
pools or littoral 
areas during spawn
ing (February-August; 
water temperature 
19-:34° C) (Embryo) . 
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R Vi? Stream gradient 1.0 
. within represent
ative reach. •

0.8)( 
Q) 

"'0 
c 

0.6 
>. 
~ 

- 0.4.... 
~ 
ttl 
~ 

0.2
:::3 
Vl 

0.0 
0 1.0 2.0 3.0 4.0 

m/km 

L Vu	 Reservoir drawaown 
during spawning 
(Embryo) . 

1.0 

)( 0.8Q) 
"'0 
C 

~ 
0.6 

........ 0.4 •..Q 
ttl... .... 

0.2:::3 
Vl 

0.0 
a 1 2 3 4 

m 

R,L Vu Substrate composi 1.0
tion within pools or 
littoral areas during 

)( IQ) 0.8spawning (Embryo). 
"'0 
C 

A) Fines and gravel - 0.6 ->. 
~predominate (> 50%) 

B~ Fines and gravel .... .... I
..Q 0.4 present (25-50%) 

C) Fines and gravel ttl 
~ 

noticeable (10-25%) :::3 0.2 
0) Fines and gravel 

Vl 

scarce « 10%) 0.0 
A B c o 
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• Reservoir Habitat Suitability Index Model 

r o 

If V or (V, x Vii x Viz )1/3 s 0.4, CWQ = the lowest of V , (V 9 x Vii x7 7 

V1 =) 1/3 or above eauation 

• Riverine Habitat Suitability Index Model 

1/3Vs + V, + 2V 7 + V. + 2 (V, X Vii x ViZ) 
7 

1/3If V7 or (V,'x Vii x ViZ) S 0.4, CWQ = lowest of V7 , 

(V, x Vii' X V12 )1/3, or above equation 
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------:3:---- + V17 •COT =---";;~2---

HSI =(C F x Cc X CWQ2 CR X COT )1/6 if all component ratings> 0.4 

If CWQ or CR S 0.4. use lowest component rating as the HSI 

• 
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-. BLACK CRAPPIE 

Suitability Index (SI) Graphs for Black Crappie Model Variables 

The IIRI! for riverfne and IILII for lacustrine entered under the heading 
IIhabitat ll describe where the variable should be measured. 

Habitat Variable Suitability graph 

R,L Maximum monthly 
average turbidity 
during summer. 

~ 
"0 
I: 

>,.... 
.~-
..Q 
"0.... ..... 
~ 

0.8 

0.6 

0.4 

0.2 

l 
o.0 +----r--r-........,....~--1-

o 50 100 150 200 

• 
JTU 

R,L Percent cover (e.g., 

~ 0.8 
"0
I:

>, 0.6 .... 

1. a+""--;-_...__......~+ 

vegetation, brush, 
debris, and standing 
timber) during mid
summer within pools, 
overflow areas, and 
backwaters (R), and 
the littoral zone (L). 

0.0+0--...,...---,.--.,--+ 
o 25 50 75 100 

% 
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R V1 Stream grad; ent 
within study area. 

)( 
(1J 
"0 
c:-
~ ....-.... 
.Q 
ra.. .... 
::l 

V'l 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

v,. Average current 
velocity in pools 
and backwater areas 
during average summer 
flow. 
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)( 0.8
(1J 
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c:- 0.6 
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.Q 
ra.., .... 0.2::l 

V'l 

0.0 

R V, Percent pools and 
backwater areas 
during average 
spring and 
summer flow. 
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• L V, Percent littoral 1.0 
area during spring
 
and summer. )(
 

Q) 0.8 
~ 
s:::: 

0.6>..... .-~ 0.4--.c 
ro ..... 
~. 0.2:::l 
In 

0.0 
0 25 50 75 100 

0/
:0 

R,L V, pH 1eve 1s during 
year. 1..0 

)( 
Q) 
~ 
s::::-

0.8 

• 
>..... -..... 

..c 
ro ..... 
:::l 
In 

0.6 

0.4 

0.2 

0.0 
1 3 5 7 9 11 

pH 

R,L V.	 Most suitable water 1.0 
temperature within 
the epilimn10n (L) )( 

Q) 0.8or in pools and	 ~ 
s::::backwaters (R) during midsummer >- 0.6 ..... 
.~(Adult). ..... 
..c 0.4

Note: Choose the ro .....epilimnion area with 
highest 5I rating :::l 0.2In 

for water temperature. 
0.0 

a 10 20 30 40 

•	 °c 
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0 2 4 6 8 10 

• R,L Vu Minimum dissolved 1.0 
oxygen levels within 
temperature strata x 

Q) 0.8selected above ~ 
c:(V, , V" and V10) 

during midsummer >, 0.6 
+J .....(Adult, Juvenile, ,.....
 

Fry) . 0.4
..0 
<'C ..... 
::l 0.2 

Vl 

0.0 
a 2 4 6 8 10 

mg/l 

R,L Vu Minimum dissolved 1.0 
oxygen 1eve 1s withi n 
littoral areas (L) x 

Q) 
0.8 or backwaters (R)
 

during spawning 
~ 
c:
 

(Embryo/Fry) . >, 0.6
 

• 
+J 

,..... 
.Q 

0.4 
<'C 
+J ...... 
::l 0.2 
Vl 

0.0 

mg/l 

R,L V14 Maximum salinity 
during growing 
season. 

(optionalNote: 
variable) V14 may be 
omitted if sa 1i ni ty 
is not considered to 
be a potential problem
within the study area. 

x 
Q) 
~ 
c:-
>, ..... ...... ,..... ...... 

..0 
<'C ..... 
::l 

Vl 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
0 2 

. 
4 6 8 
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L Average TDS level 
during the growing 
season. 

Note: S1 should be 
lowered 0.2 if ionic 
concentration of 
sulfate-chlorides 
exceeds that of 
carbonate
bicarbonates. 

x 
Qj 

-0 
c:-
~ .... 
--~ 
to.... -;:, 

V'l 

l. 

0.8 

0.6 

0.4 

0.2 

• 

0.0 
a 200 400 600 800 

ppm 

Reservoir Habitat Suitability Index Model 

CF = VlS 

CWQ 
2(V. 

= 
x V, x V1o )1/3 

6 
+ 2V 12 + V7 + V1 

• 
If V,. V,. or V10 S 0.4, 

1/3(V, x V, x V10 ) • 

substitute the lowest variable value for 

1/3If (V, x V, x V10 ) or 
1/3(V, x·V, x V1 .) • V12 • 

V12 S 0.4. CWQ =the lowest of 

or"above equation. 

HSI 

If CF• CC' CwQ' or CR S 0.4. the HSI = the lowest of the four 
component values. 
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~ Riverine Habitat Suitability Index Model 

CFIC 
1/2= (V 2 x Vs ) 

2 (Va X V~ X V )1/3 + 2V l2 + V + Vlo 7 l 

CWO = 6 

If either Va, Vg , or VlO ~ 0.4, substitute the lowest variable value ~or 

\I )1/3(V a X V9 X ~lO . 

if (Va X V X Vlo )1/3 or V ~ 0.4. CWO = lowest of (Va X V X V: J )1/3.3 l2 9 

Vl2 , or above equation.
 

Note: If Vl4 (optional salinity) is added:
 

1/32 (Va X V~ X VIa) + 2V l2 + V + Vl + Vl4 

7 

7 

~ 
with the same sUDs:i~~t;on iu:es desci;:ed above. 

Except if CWO or CR ~ 0.4, the HSI = the lowest of CWO' CR, or above 

equation. 

~
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L 

LARGEMOUTH BASS •
Suitability Index (SI) Graohs for Laraemouth Bass Model Variables 

The IIR II for riveri ne and "L" for 1acustri ne entered u~der the heaG~~; 
"habitat ll describe where the variable should be measured. 
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Habita t Variable 

R	 Percent pool and back
water area during 
average summer flow. 

Percent lacustrine 
area ~ 6 m depth. 

Note:	 A regional con
sideration is 
made for bodies 
of water in more 
southern lati 
tudes where 
overwi nteri ng 
requirements 
are not 
as rigorous. 

A.	 Northern lati 
tudes 

8.	 Southern lati 
tudes 

Suitab~lity cra:h 

1. 0 +---....L..--J-, ~ 

0.6
 

0.£1
 

0.2 

o.0+---I--r-~--'r_-+ 

o 25 50 75 lOG 

• 
1. 0 +----;-----:.."""""l"""--

~ 0.5 

V1 0.2 

\ 
\ 

\ . \
."' \ 

\ L 
\ 

\ 
\ 

\ j

1 
~ 

~ 
< o. 0 +---,....---:'----~ 

25 .J 



• R,L Percent bottom cover 
(e. g. I aquatic vegeta-. 
tion, log s, and debris) 
within pools, back
waters, or littoral 
areas during summer 
(Adult , Juvenile). 

R,L	 Percent bottom coverv'" (e.g, aquatic vegeta
tion, logs, and debris) 
within pools, back
waters, or littoral 
areas during summer 
( Fry) . 

• 
L	 Average T05 concentra

tion during growing. 
season when carbonate
bicarbonate> sulfate
chloride ionic concen
tration, If sulfate
chloride concen'tration 
exceeds carbonate
bicarbonate, reduce 5I 
for TD5 by 0.2. 

•	 331 

x 
(l) 

u 
c::: 

:>, 
+-J 

..:l 
rc 

+-J 

::l 
Vl 

x 
Q.I 

u 
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:>, 
+-J 

,..... 

-
rc 
-.J 

V1 

x 
~ 
~ 

c::: 

:>, 
+-J 

,..... 
,~ 

..::: 
-:: 
-.J 
.~ 

Vl= 

1.0 

0.8 

0.6 

0.4 

0.2 

"1 ('
J • .) I 

0 23 SO is 1'::
 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
0 25 50 i~ lC: 

1.0 

0.8 

0.5 

0.4 

Q.2 

C).a 
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R,L V, Minimum d~ssolved 1.0 
oxygen levels during 
rnidS:.Jmmer wit.hin pools x 0.8

::.Jor littoral areas.	 
-0 
I:: 

A) Frequently < 2 mg/l 0.6 ..,B)	 Usually ~ 2 and 
>, 

< 5 mg/l 0.4 
.QC)	 Usually ~ 5 and ..,!tl 

< 8	 mg/l 
0.2D)	 Often > a mg/l 

(,/) = 

G.O 
A a c 

., 
~ 7 pn range ciJririg grc'lI' 1.0

ing	 season. 

A)	 < 5.0 or > 10.0 x 0.8 
CJ

B)	 ~ 5 and < 6.5 or -0 

> 8.5 and s 10~ 
I:: 

0.6
C) 6.5-a.5	 ..,>,

..... 0.4 .,..... 

.Q 
.-::.., 

0.2 
V1 

0.0 
A 8 c 

I 

-

- -
- f-

- f

, I 

• 

, 

-

- f

- -
-

, 

• 
R,L V. Average water tempera

ture within pools, 
1.0 

backwaters. or littoral 
areas during the grow
ing season (Adult, 
Juvenile) . 

x 
OJ 
-0 
I:: 

o.a 

0.6 
>,.., 

.,..... ..... 

. 0,4 
~ 
"C....
:::l 0.2 

V1 

0.0 
,1,0 10 20 30 -..; 

°r
"	 •332 



• R,L V9 Average weekly mean 1.0 
temperature within 
pools or littoral areas 0.8 xduring spawning and (l) 

I:'inc~bation (Embryo) . I:: 
0.6 

>, 
~ ..... 

O. a. 
.0 
~..., 

0.2 
:::l 

Vl 

O.~ 

°c 

R,L VlQ	 Average water tempera- 1.0 
ture within pools, 
backwaters, or littoral 

~ 0.8 areas during the grow- l:' 
ing season ( Fry) . I:: 

>, 0.6 

•	 
~ 

:: a . 4.= 
":: 

-..J

0; 0.2 
Vl 

0.0 
a 10 20 30 '-.) 

°c 

R,L	 Maximum monthly average 1.0 
turbidity (suspended 
solids) during growing x 

I (l) 0.8 
I:'season. c 

>, 0.6A) 5-25 ppm ..., 
B) > 25 and ~ 100 ppm 
C) < 5 ppm, > 100 ppm ~:c 0.4 

0 10 ~'"I 3Cl .1()
~.J 

, 
A 3
 

0.0 

•	 333 





• R,L V1 S 

R,L Vu 

• 
R,L 

•
 

Substrate cOmpOSltlon 
within riverine pools 
and	 backwaters or 
lacustrine lit:oral 
areas (Embryo) . 

A)	 Boulders and bed
rock predominate 
(~ 50~~) 

8)	 Sand (0.062-2.0 mm) 
predomi nate 
S; . + " .C) I v 3.r.", :::,ay 
« 0.062 mr.1) 
predom~nate 

0)	 Gravel (0.2-6.4 em) 
predominate 

Average water level 
fluctuation during 
growi ng season 
(Adu It. Juvenile). 

Maximum water level 
fluctuation during 
spawning (Embryo). 
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1.0 

x 0.8 
::.J
 

\:l
 
c: 

>, 0.6 ...., 

0.4 
~ 

n::l...., 
0.2::::l 

V) 

0.0 

0.8 

0.6 
, 

0.4 ~ 

t0.2	 r 
o.0 4---..--......,....---r-_--l

-5.0 -2.3 o 2.5 

m 

- ~ 

~ 

- ~ 

, , 
8 c 

1. a-+-__L.-._.....:--_..:...._~ 

0.8 

>, 0.6 ...., 

o.0 4--L-.....__......_--r__-+, 
-10.0 -5.0 J 5.~ 1:.: 



R,L VlI Average water 1eve 1 
fluctuation during 
growi ng season 
(Fry) . 

)( 

<1i 
~ 
C 

1.0 

0.8 
• 

>,... 0.6 

.a 
<'t:l... 
::l 
Vl 

0.4 

0.2 

0.0 
II 

: 4 _-5.0 -2.3 . 2.:V 

" 
~ VL' Average current veloc- I1.0ity at 0.6 depth 

during summer 
(Adult, Juvenile). )( 0.8QJ 

"0 
C 

>, 0.6... 
~ 

0.4'',.. 
~ 
~ 

::l 0.2 
Vl 

0.0 

• 
0 5 10 IS ?0

-'" 

c~/sec 

R Vu Maximum current veloc
i ty at 0.8 depth within 
pools or backwaters 
during spawning (May-
June) (Embryo) . 

)( 

<1i 
-0 
I:: 

La 

0.8 

>,... 0.6 

..:: 0.4 
~... 
::l 

Vl 0.2 

0.0 -0 2.5 5.0 I • ~ - l~.: 

Cr:1:'sec 
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• R Average curren: veloc
ity a1; 0.6 Cepth 
during summer (Fry). 

R	 Stream gradient· within 
representative reach. 

• 
Reservoir Habitat Suitability Index Model 

CF = V~ 

\1/4
J + V~ 

= (v,x V
x V V iCc	 2 I X 1 G 

/ 

1.0 

x 0.8 
CI,) 
~ 

'= 
0.6 

>,
 
+-'
 

. ...... 0.4 

..c 
rc 
+-' 

:::l 0.2 
Vl 

0.0 
0 10 20 3C ~:: 

c: 'sec 

1.0 

x 0.8Cl.l 
~ 
I::: 

>, 0.6 
+-' 

O.J -= 
.~ 

0.2 
Vl 

0.0 
0 1 2 3 

rn:km 

".if Vl2 or VI) :c~~	 = .;. ..J7 
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2V, + V7 + 2V. + V10 + V11 + --~2~-- •
if V11 or V11 < 1.00Cwo = 8 

HSI 

~s: = :~e 2·:'.... 2.:..;: ..... 

Riverine Habitat Suitability Index Model 

•
 
2V, + V7 + 2V. + V10 + V11 

CwO = 7 if V12 or V11 = 1.0 

2V, + V7 + 2V. + V1D + V11 + 
or < 1.0CWO = 8 if V12 V11 

If V" V., or V10 $ 0.4, CWO = the lowest of V" V., V1C , or above eq~atiJn 
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•
 
Note: Because there is a correlation between stream gradient and C0rrEnt 
velocity, the user has two options for COT: 

•
 

• 339 



BLACK BULLHEAD • 
Suitability Index (SI) Gra~hs for Black Builhead Model Variables 

The IlR" for riverine and IILII for lacustrine entered l;nder the heacir.g 
Ilhabitat ll describe where the vari"able should be measured. 
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Habitat Variable 

R	 Percent pools and 
backwaters during 
average summer flow. 

R,L	 Per:ent cover objects 
(e.g., vegetation, 
brush, debrfs, etc.) 
within pools, back
waters, or littoral 
areas during summer. 

Suitability crach 

1. 0 +---'---f,--~--+-

>, 0.6 ..... 

'';: O. a. 

.~ 0.2 

0.0 ..f--....,...--r----r--__+_ 
o 25 so 75 100 

• 
1. 0 +---J--........_.....I._~ 

~ 0.8 
"C-
>, 0.6 ..... 

~ 0.4 

~ 0.2 

0.0+--...,...-......,.--,......-+ 
o 25 50 



• R V1 Average current 
-t	 1.0 ve 1oc ity 0.6(1~ 

depth during 
x average summer	 (l) 0.8 

"0
~low.	 I:: 

-:, 0.6 
+-I 

''- 0.4
~ 

t1:l...., 
::l 0,2

V> 

o. ,"1 
~ 

0 10 -'"2C " ~v 

c;r. 5 ec 

R,l V", Maximum midsummer 1.0 
water temperature 
with in pools, back- x 

(l)	 0.8waters, or littoral 
"0 

areas. c::: 

>, 0.6 

•
 
....,
 

0.4 
-+-I 

''-	 C.2 
v-= 

0.0 

0 10 71"1 30-" 

°c 
R,l V~ Dissolved oxygen 1.0 

range within pools, 
back.....aters. or x 

(l)	 0.8littoral areas	 c::; 
c:::during summer, 
>, 0.6 ....,

A) Seldom < 6 mg/l 
8) Usually 11-6 mg/l 0.'1-=C) Usua i ly 2-4 mg/l ~ 

.0..:D)	 Fr equer.tly < 3 mg/i 
(near-ie:~ai D.O. (/') 0.2 
::or.centrat~ons) 

IJ.O 

~ 
-

r

- ~ 

, 

•
 



R,L VI pH range during the 1.0 
year. 

x 0.8A) Usually 6.5-8.5 CJ 
-0

8) Usually 4.5-6.5 or I:: 

8.5-10.0 >, 0.6 
C) Frequently < 4.5 ..... 

or > 10.0. 0.4
.0 
ro ..... 
::l 0.2 

V1 

~.O 

, 

\00 

-

, 

• 

A a c 

~,L V7 Maximum sa 1; nity 1.0during summer 
(Adult , Juvenile). x 

0.8CJ 
-0 
I:: 

>, 0.6 ..... 

.0 0.4 •~ 
~ 

a 5 10 1 ~ ?'" 
~v 

oot 

R,L V, Maximum salini<:.y 1.0 
during early summer 
(May-Ju1y) (Embryo, x 

QJ 0.8Fry) . "tl 
I::-
>, 0.6..... 

.-

.0 0.4 
ro ..... 
::;l 0.2V1 

0.0 
a 2 ..1 -C' .:. 

DOt 

342 • 

::l 0.2V1 

0.0 



• R,L V, Maximum monthly 1.0 
average turbidity 
(suspended sol ids) x 

(1) 0.8during growing	 ~ 

season.	 -~ 

.>, 0.6 
~A)	 Clear. « 25 ppm) 

B)	 Moderate (25-100 ppm) 
..::l	 O.a 

C)	 Turbid (> 100 ppm) "tJ 
~ 

:::l 0.2 
VJ 

I' " ....1. ',.' 

,~ 

.R,L	 Average water temp 1.0eratures within 
pools, backwaters, 

x or littoral areas (1) 0.8 
during spawning "0

c: 

and embryonic 
.>, 0.6 

•
 
development ...,
 
(Embryo) . 

o.~ .= 
"tJ 
-' 

1'\ ?:::l v._ 
V) 

0.0 

°c 

R,L VIl	 Dominant substrate 1.0
 
type within poois,
 
backwaters, or
 

x 0.8littoral areas for CJ 

spawning (Embryo) . "0
c: 

0.6 
>.A)	 Fines and gravel ..... 

insignificant 
.~ O. a.(s 10?~) .= 

8) Fines noticeable ..... 
(s 2C: o/ ) .- 0.2~.a 

J)= C)	 Fj!1es and ~r2.·"e 1 
present in equal 

0.0 

, 

.. 

. 

, 
amounts. ccmoi'1ed 

. 

" - n .

I 

•I 
I 

r 
. ~0 10 20 .)\: 

~Go')(s .a 

•	 
y 

D)	 Fines dominant 
(~ 50~~) 
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R,L	 Percent cover objects 
(e.g., vegetation, 
brush, debris, etc.) 
within pools, back
waters, or littoral 
areas during spawning 
(Embryo) . 



• L V15	 Lake or reservoir 
size. 

L V16	 Reservoir drawdown 
during spawning and 
embryonic deve10pment 
(Embryo) . 

• 
Reservo'i r Habitat Suitabi1ity Index Mode1 

CF = VlJ 

C (V 2 X Vu x V 
15 

)1/3c = 

2V 4 + 2V 5 + V, - V9 
'= 

1.0 

x 
<:J 0.8
~ 
c:: 

>, 0.6..... 

~ 0.4 
~ ..... 
::l 0.2VJ 

0.0 
n	 ,~~

'-, 100 20G 3:~ _.... -

~,a 

1.0
 

x
 
<:J 0.8 
~ 
c:: 

>, 0.6... 
O. J. 

.-v 
-..;

v;= C.2 

0.0 
~ja 0.5 1.0 1.S 

m 

hCWQ 6 if V and Va ,-,O~1 = 1.07 
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CWQ = lowest of V~, Vs , or above equation if V4 or Vs ~ 0.4. • 
2V~ + 2V s + Vi + + V, 

if V, or VI < 1.0CWO = 7 

. C'I"\ 
,"I. 1.0 

If CWO or CR ~ 0.4, the HSI = lowest of CWO' CR, or the above equation. 

Riverine Habitat Suitability Index Model 

. /,.. 

C= = (V 1 x V:)~/~ • 
if V7 and V. both = 1.0 

If V~ or V~ ~ 0.4, CWO = the lowest of V4 , Vs , or above equation 

2V 4 + 2V~ + Vi + + V, 
if V, or VI < 1.0 

If V_ or V~ ~ 0.4, CWO = the lowest of V4 , Vs , or above equation 

CWO = 7 
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HSI 

~f CWQ or CR ~ 0.4, the HSI = :oweSl:: c.R, or c.cc'Ie 

• 

• 347 
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• L VJ	 Percent littoral 1.0 
area durir1g summer. 

x 
<l.l 0.8 
"0 
C 

>, 0.6 
....., 

0.4
...:::::l 
":l 

+oJ 

::l 0.2 
Vl 

8.S 

R v.	 Focd oroduction po te n
: ~ ~ : ~ ;; 4· 'Ie ..... :y .;::. r"'_".. 

-"'~ 

strate type present 
dud ng average summer 

x 0.8flow. <l.l 
"0 
C 

A) RUbble dominant in 0.6

• 

• 
>,riffle-runs wi th ....., 

some gravel and/or ....... 0.4boulcers present; .::::. 
J:' "C, 1 ne s (s 11 ':. and +oJ 

sand) nc t. common; ~ ':.2 
Vlacuatic vegetat~on 

abl:ndant (~ ~ 0°').0J O.G 
in pool a rea s. 

B) Rubble, gravel, 
boulders, and fines 
occur in nea rl y 
equal amounts in 
riffle-run a rea s; 
aquatic vegetation 
is 10-30~~ in poo 1 
areas. 

C) Some rubble and 
gra ve 1 present, 
but fines or 
boulders are 
dominant; aquatic 
vegetatior: ; s 
scarce ,....0°

~ 

1
)« 

in pool a~ea s . 
D) t=ines or ::ec:"ock. 

are the dc:ninanr. 
bottom material. 
Little or no 
aqL:atic vegetat'on 
or rubble present. 

3'9 

'::l'J 2: 
~" 

J ~ .L _ ... 

A 6 C J
 



R,l	 Average midsummer 
water temperature 
within pools, back
waters, or littoral 
areas (Adul t). 

R,l 'J s	 length of agricui- 1.0 
tural growing season 
(frost-free days). x 

GJ 0.8 
~ 

Note: This variable 
c::: 

TSOptional. >, 0.6... 
~ o. j 

'l:: ......... 
Vl 

0.0 

R,l V,	 Maximum monthly 1.0 
average turbidity 
during summer. x 

111 0.8 
~ 
c::: 

>, 0.6... 
0.4 

~ ...ttl.~ 

= 0.2 
Vl 

0.0 
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--

R,L V11	 Maximum salinity 
during spawning and 
embryo development 
(Embryo) . 

R,L V	 Average m;ds~mmer12 

water temperature 
withi n peo 1s back-I 

waters, or littoral 
areas (Fry) . 

R,L VlJ	 Maximum salinity 
during summer 
(Fry, Juvenile). 

)( 

aJ 
"'C 
I:: 

>,...
 
.Q ...t1:l

:s 
V1 

)( 

aJ 
"'C 
l:: 

>,...
 
~-
"'= 

:s 
;/l 

)( 

QJ 
"'C 
l:: 

...>

. .... 
~ 

...':l

c./) 
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L V1 7 Reservoir flushing 1.0 •rate while fry are 
present (Fry) . >< 

~ 0.8 
"0 
C 

0.6~ 

.c 0.4 

...rc

.... 
:::::l 

V1 0.2 

O.~ 

., ,,,0 2 .. 6 8 ~" 

Days 

R V Average currentlI 1.0 
velocity 1n cover
 
areas during average
 

x 0.8summer flow. <lJ 
"'C 
c: 

0.6>,..... 

O.d .c ...r:l •n 'J
:::::l u .... 

V1 

0.0 

0 15 30 45 6J 

ern/sec 

Reservoir Habitat Sui tabii ity Index Model 

V: + V] + V1 J
 

CF =
 3 

l1 vl(\V s + V + .. )+Z 3 V, + 2V. + V, + V11 
= ---.=......---""""7:::-------- CWQ 
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• If V5 , V12 • Vi~' Ve, Vg , or V13 ~ 0.4. = the lowest of Vs , V12 ,CWQ 

Vl~' Ve, Vg , Vi) or above equation. 

Note: When temperature data are unavailable, 2V o (SI for length OT 

agricultural growing season) can be substituted for the ter~: 

..., (V s + V12 + Vi ,,\
 

..:.
 
\ ' j 

.The above Cpt~::::1 ''fIas Jsed to caic~lc.:e C' IQ fer t..:i'iOS ,-c.~ier, ,125: ~::;','"'i~,,', 
~ 

• 
If Ve, ViO. or Vii ~ 0.4, CR = the lowest of Va, ViO , Vii' or the 

above equation . 

HSI = (C C C 2 C 2 C )1/7F x C x WQ x R x OT 

If CWQ or CR ~ 0.4, the HSI = the lowest of CWO' CR' or above equa:;on. 

Riverine Habitat Suitability Index Model 
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•
 
7 

If Vs , V12 • V1~' VI, V" or V11 ~ 0.4, :: the lowest of Vs , V12 ,CWQ 

V1~' VI, V" V13 , or above equation. 

Note: If temoerature data are unavailable, 2V. (length of agricultu~al 

growing season) can be substituted for the term: 

2 ( _'J_5_"_\J-=~_:_-_\_1.._~ ) 

V Z V 2 V 2 V )1/8CR = (V 1 X 2 X I X 10 X 11 

If VI. V1a , or V11 ~ 0.4, CR :: the lowest of V., V~o. V11 , or above 

equation. • 
If CWO or CR ~ 0.4, the HSI :: the lowest of CWO' CR, or above eq~ation. 

•
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• COMMON CARP 

Suitability I1dex (SI) Graphs for Com~on Carp Model Variabies 

The IIR" for riverine and "L 11 for lacustrine entered under the headir.g 
"habitat" describe where the variable should be measured . 
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R	 Percent cover in 
deeper pools (e.g., 
logs, brush, sub
merged objects, and 
depth) . 

...
 
:t	 ?~r::n: ~caIS, Jac~ 1.0waters, and marsh 

areas durir.g average 
summer flow. x 0.8 

(l) 

~ 
c 

0.6 
>, 
-+-l 

0.4 

.-

.c.
-'
-:l •0.2 
~ 

V1 

0.0 
0 25 50 7S 12e 

L Vs Percent 1it to ra 1 area 
during spring and 

1.0 

summer. 
x 
(l) 

"'0 
C 

0.8 

>, 
-+-l 

0.6 

..:::l 
rtJ 

-+-l 

o.a 

~ 
<.I'l 

0.2 

0.0 
~'" i::::I) 25 :1....1 
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--

• R V, S:orage ratio. 

x 
<lJ 
-0 
-= 
>,....., .... 

'r 
.0 
ttl..., .... 
:: 
Vl 

~ , ~ I
 
:\.- , 7
 \1ax ~ -r,L.~ ;';1on:.;"'.~y ~ve:.aC2 

turbidity during average 
summer flow or sur"mer x 

<lJstratification. -0 
-= 
>, 

• 
..., 
...,.... 
..c. 
ttl..., 
:: 
Vl 

R,L VI Maximum midsummer 
water temperature 
(Adult) . x 

<lJ 
"1:J 

-= 
>,..., 

~ 
ttl....., 

Vl 
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• 

La 

0.8 

0.6 

0.4 

0.2 

0.0 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

a 0.6 1.2 1 c 2.~ 

-~ 
~:"f. 

2~~ ~ H,~ , 
_~Va 75 150 

CTU 

tJ 10 20 30 _.. 

°c 





• R,L V12 Max~mur.1 salinit.y. 

xNote: Optional va ri- Q)

able. V11 shculd '='
I:: 

be used in the mocel >,....only if salinity i s 
considered to be a 
potential problem .c 

~ ....,within the study 
area. ::l 

Vl 

R,L Vl J	 Minimum dissolved 
oxygen levels during x 

Q)midsummer (Fry, 

--gJuvenile, Adu It) . 

•	 
>, 
+-l 

~ 

.:3 
-V"l 

R,L Vu	 Minimum dissolved 
oxygen levels withi n 
specified areas during
spawning (March-June) x 

Q)(Embryo).	 '1:J 
C 

>,.... 
.~ 

.c 
'C .... 
::l 

V1 

•	 361 

1.0 

0,8 

0.6 

0.4 

0.2 

0.0 
, ,; :;J 1 L ~ - " 

C"
~ '. 

1.0 

0.8 

0.6 

O. Lt 

•i 
0.2 

f0.0 
a 2 J 5 ' 

mg/l 

1.0 

0.8 

0.6 

0.4 

0.2 

O.'J 
,. . ..,j <a 2 ~ 

r"C 



•R,L pH levels during 1.0the year. 
x 
(1) 0.8 

"0 
I: 

~ 0.6 .... .,....
..... -
..Q 0.4 
~ .... 
:= 

V1 0.2 

a.o , , 
1 2 3 a 5 6 i 

p~ 

8 a- lJ • 1 

Reservoir Habitat Suitability Index Mocel 

CWQ = 
V1 + 2(V s x ViJ )1/2 

6 
+ 2V~] + V:~ • 

If V" ViO , or V1 ] 

above equation. 

S 0.4, CWQ = the lowest of Va, ViO , VI], cr :~e 

NOTE: If V1J (optional salinity variable) is acced: 

CWQ = 
V1 + 2 (V, x V1o )1/2 

7 
+ 2V 1J + Vl~ + V11 
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•
 
If CWO or CR ~ 0.4, the HSI = the 10west of CWO' CR, or above equa~ion. 

Riverine Habitat Suitability Index Model 

Note: If V (optional salinity variable) is added:12 

• V7 + 2 (V s x Vl~)1/2 - 2V lJ + V15 + Vel 
CWQ = 7 

If Vs , V10 , or V14 ~ 0.4, CWQ = the lowest of Vs, V10 , V or the14 , 

above equations 
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• 
APPENDIX B 

ENVIRONMENTAL DATA FOR SEL~CTED RESE~VOIRS AND RIVERS 

• 
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• Table B-1. Environmental data for green sunfish in selected reservo~rs. 

Reservoir 
West Center 

Variable Point Oconee Lanier Hill Shelbyville Sano;c~r1S 

Model variable S1 

0.3 0.7 0.2 1.0 G.7 l.C 

V~ 1.0 0.7 1.0 1.0 1.0 1 :; 
~.v 

1.0 1.0 0.5 0.5 C.S 0.5 

i
• b 0.3 1.J ~ -

\.J • I ~.J ~ . I 

0.8 0.5 0.8 1.0 1.0 0.8 

0.4 0.2 0.3 0.8 0.8 0.4 

0.5 0.8 o 1.0 0.8 o 

• 
0.9 

0.5 

1.0 

0.8 

0.5 

1.0 

0.9 

0.6 

1.0 

0.2 

0.8 

0.4 

0.8 

0.9 

1.0 

O.S 

:.0 

l.O 

0.7 0.75 1.0 o o 1.0 

Component S1 

C~ 
r 

Cc 

0.50 

0.55 

0.50 

0.84 

0.60 

0.50 

0.80 

0.40 

0.90 

0.84 

1. GO 

1. 00 

C\4Q 

CR 

HS1 (orig.) 

0.75 

0.70 

0.62 

0.20 

0.78 

0.20 

0.73 

o 

o 

0.90 

o 

o 

0.88 

a 

o 

0.40 

o 

o 

HS1 (mod.) 0.64 0.50 0.67 0.54 0.85 n 'C:...;. I ~ 

Standing crop 
( k.g/ha) 4.70 13.66 1.46 1. 91 0.30 2.70 
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Table B-2. Environmental data for warmouth in selected reservoirs. • 
Reservoir 

West Cente r 
Variable Point Oconee Lan i er Hi 11 Shelbyville Sangchris 

Model variable S1 

Vi 1. 00 0.70 1. 00 0.70 0.70 :1.70 

VJ 1.00 0.70 1. 00 1. 00 0.70 1. GO 

Vi 0.70 1. 00 1. 00 0.70 1. CO 0.70 

V7 1. :]0 1. 00 :.00 ~.OO :.':::J :.':C 

V. 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 

V, 1. 00 1. 00 1. 00 1.00 1. 00 1. 00 

Vu 

V12 

Vi J 

1. 00 

1. 00 

0.40 

0.95 

1. 00 

0.30 

1. 00 

1. 00 

0.40 

1.00 

0.50 

0.50 

1. 00 

0.50 

2.CO 

1. 00 

1. 00 

' "n~ • '-oiL: • 
V1 ~ 0.30 0.80 0.25 0.30 0.50 0.90 

Vts 0.70 0.70 0.30 0.30 1. 00 1. 00 

Component S1 

CF 0.47 0.60 0.32 0.37 0.83 0.97 

Cc 0.50 0.83 0.37 0.34 0.59 o.ss 

CWQ 0.96 0.88 1.00 0.93 0.80 0.93 

CR 1. 00 1. 00 1. 00 0.71 0.71 1. 00 

HSI 0.77 0.85 0.37 0.34 0.76 0.96 

Standing crop 
(kg/ha) 2.69 5.26 1. 68 0,21 a a 

aMay have been lumped under "miscellaneous 
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• Table B-3. Environmental data for bluegill in selected reservoirs. 

Reservoir 
West Center 

Variable Point Oconee Lanier Hill Shelbyville Sa:1gcnris 

Model variable SI 

., 
• s 

• 
Component SI 

Standing crop 
( kg/ha) 

0.30 

0.80 

0.50 

1.2C 

0.70 

1. 00 

1.00 

0.20 

1. 00 

1.00 

1. 00 

1. 00 

0.39 

0.58 

0.81 

0.68 

0.68 

57.8 

1. 00 

0.80 

0.25 

1. 00 

1.00 

1. 00 

o 

1. 00 

1. 00 

0.40 

1. 00 

0.50 

0.86 

o 

o 

a 

6.4 

0.25 

1. 00 

0.50 

0.70 

1. 00 

1. 00 

0.10 

1. 00 

1. 00 

0.80 

1. 00 

0.35 

0.40 

0.77 

0.61 

0.61 

16. 1 

0.25 

0.35 

0.80 

. ~., _. v'", 

1. 00 

1. 00 

1. 00 

:.00 

1. 00 

1. 00 

0.80 

0.30 

0.45 

0.31 

0.98 

0.39 

0.39 

8.2 

0.50 

1.00 

0.90 

_ . ..IV 

1. 00 

1.00 

1.00 

0.60 

100 

0.85 

0.10 

0.67 

0.79 

0.93 

0.73 

0.73 

22.7 

1. CO 

1. c::: 

1.CO 

0.70 

1. 00 

1. 00 

1. CO 

1. 00 

0.80 

1. 00 

1. 00 

1. 00 

0.93 

0.S7 

0.S7 

22.8 

• 367 



Table 8-4. Environmental data for black crappie in selected reservoirs. • 
Variable 

West 
Point Oconee 

Reservoir 
Center 

Lanfer Hi 11 Shelbyville Sangchris 

Model variable SI 

V1 1.00 0.95 1. 00 1.00 1. 00 ' ... !in-...;..., 

V2 0.40 1. 00 0.25 0.40 1.00 1. 00 

Vi 1.00 1.00 0.30 O.~O !. CO 1.CO 

., 
• 7 

V. 

0.3u 

0.80 

1. 08 

1. 00 

G.;] 

1.00 

J.60 

1. 00 

:.;J 

1. DC 

, - 
...... ........ 

1. 00 

Vg 0.40 0.50 0.40 0.60 1. 00 1. 00 

VlO 

V11 

V12 

Vl1 

0.40 

1. 00 

1.00 

1. 00 

0.40 

1. 00 

0.20 

0.20 

0.40 

1. 00 

1. 00 

1. 00 

0.60 

1. 00 

1.00 

1. 00 

0.80 

1.00 

1.00 

1.00 

0.80 

1. 00 

1. 00 

1. CO 

• 
V15 0.40 0.40 0.50 0.80 0.90 1.00 

Component S1 

CF 

Cc 

0.40 

0.63 

0.40 

1. 00 

0.50 

0.27 

0.80 

0.40 

0.90 

1. 00 

1. 00 

1. 00 

CWQ 

CR 

HS1 

0.65 

0.86 

0.40 

0.20 

0.58 

0.20 

0.80 

0.65 

0.27 

0.84 

0.74 

0.67 

0.93 

1. CO 

0.96 

0.90 

1.00 

0.97 

Standing crop 
( kg/ha) 12.2 32.5 6.8 2.5 
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• Table 8-5. (concluded). 

Variable 
West 
Point Oconee 

Reservoir 
Center 

Lanier Hill Shelbyville Sangchris 

Component S1 

CF 

Cc 
,... 
"\~Q 

r¥R 

0.50 

0.69 

0.89 

O.~2 

0.45 

0.94 

C.87 

...; . ~ J 

0.55 

0.69 

0.79 

C.97 

0.80 

0.53 

0.39 

0.49 

0.95 

0.78 

0.76 

~ 

..J,,:~ 

1. O~ 

0.85 

0.70 

...., • ..I...,} 

HS1 0.73 0.72 0.73 0.66 0.83 0.87 

Standing crop 
(k.g/ha) 17.02 33.6 6.16 12.6 3.5 

• 
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Table B-5. Environmental data for largemouth bass in selected reservoirs. • 
Reservoir 

West Center 
Variable Point Oconee Lanier Hi 11 Shelbyville S2;:schri S 

Model variable SI 

V2 1. 00 1. 00 1. 00 0.30 1. 00 1. ':0 

V] 0.40 0.70 0.30 0.40 0.70 0.75 

V4 0.25 1.00 O. l5 0.29 0.55 i ""'(I
_.vL: 

/5 C.:O .... ,:
""".'"7' .... 

- -w.:::J - - ~ 

v.~....i 
~ .
v ... ..J 

, 
... ' v 

V6 1. 00 0.80 1. 00 1. 00 0.80 1. 00 

V7 0.50 1. CO 0.50 1. 00 1. 00 0.50 

Vs 1.00 1. 00 1. 00 0.80 0.60 0.60 

V~ 

V1 J 

1. 00 

1. 00 

1.00 

0.80 

1. 00 

0.75 

l.OO 

0.60 

1. 00 

0.50 

1. 80 

(' ~'1 
_.-.J,J • 

V11 0.70 0.70 0.30 1. CO 1. JO G.7D 

V12 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 

Vll 1. 00 1. 00 1. 00 1. 00 1. 00 l.OO 

V14 1. 00 1. 00 1. 00 1. 00 1. 00 1. 20 

V15 0.80 0.65 0.90 0.30 0.80 C.80 

V17 0.90 0.95 1. 00 0.65 0.60 1. CO 

V13 0.30 1. 00 0.80 0.65 0.65 l~GO 
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~ Table 8-7'. Environmental data for channel catfish in selected reservoirs. 

Reservoir 
West Center 

Variable Point Oconee Lan i er Hill Shelbyville Sangchris 

Model variable SI 

V2 0.3 1.0 0.2 1.0 0.5 1.0 

V] 1.0 1.0 0.3 0.4 0.5 G ~. ~ 

Vs 1.0 1.0 ~. a ~, a 1.0 

'r.,; :. G _. v ~ • ..J 
,... ~ 

..,) . .:: :.3 "\ '"' ..... ~. 

V7 0.5 1.0 1.0 1.0 1.0 1.0 

V. 1.0 0.4 1.0 1.0 0.5 1.0 

V, 1.0 1.0 1.0 1.0 1.0 1.0 

V1 0 1.0 1.0 1.0 : .a :.0 ~.O 

~ VL L 1.0 1.0 1.0 1.0 1.0 1.0 

V12 1.0 0.9 0.9 0.9 

V1 ] 1.0 1.0 1.0 1.0 1.0 1.0 

V1 ~ 1.0 0.9 0.9 0.9 

V1 5 1.0 0.5 0.9 0.9 0.6 0.2 

Vu 0.5 0.5 0.7 0.9 0.9 1.0 

V17 1.0 1.0 1.0 1.0 1.0 1.0 

~ 
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Table 8-6. 

Variable 

Environmental data for bu 11 head s ; n selected reservoirs. 

Reservoir 
West Center 
Point Oconee Lanier Hill Shelbyville Sangchris 

• 
Model variable S1 

V2. 0.35 1. 00 0.10 0.40 1. 00 1. 00 

V4 0.80 l.OO 0.60 l.GO 1. ~G 
'! ...........

_.J..; 

\}5 1.0 2.0 1.0 1.0 1.0 : .0 

V6 0.60 1.00 1. 00 1. 00 1. 80 1. 80 

V7 1. 00 1. 00 1. 00 1. 00 1. 00 1.00 

Va 1. 00 1. 00 1. 00 1.00 1. 00 1. 00 

Vg 1. 00 0.70 0.70 0.70 1.00 1. 00 

VlO 

\j : 1 

\}12. 

V1 J 

1.00 

1. 00 

0.50 

0.50 

1. 00 

0.2J 

1. 00 

0.80 

1. 00 

C.30 

0.30 

0.60 

1. 00 

0.20 

:. 00 

0.80 

1.00 

:'.CO 

:.JO 

1.00 

1.00 

:.OC 

:.OC 

1. 00 

• 
Vp. 1.00 0.40 1. 00 0.40 1. 00 1. 00 

V15 0.50 0.50 0.50 0.50 0.50 0.50 

V16 1.00 0 1.00 a 0 1. 00 

Component SI 

CF 
,.
l-C 

CWQ 

CR 

HS1 

0.50 

0.56 

0,87 

0.87 

0.68 

0.25 

0.79 

0.73 

0.87 

0.59 

0.60 

0.39 

0.82 

0.75 

0.62 

0.80 

0.43 

0.78 

n .... 

0 

1. 00 

0.79 

1. 00 

0 

0 

1. 00 

0.79 

0.37 

1.GO 

0.91 

Standing crop 
(kg/ha) 16.35 0 0.67 0.6 1.8 •371 



• Table B-8. Environmental data for common carp in selected reservoirs. 

Variable 
West 
Point Oconee 

Reservo; r 
Center 

Lan i er Hill Shelbyville Sangchris 

Model variable sr 

V1 0.40 1. 00 0.20 0.55 0.60 ~.OQ 

Vs 1.00 1.00 0.75 0.45 1. 00 1. 00 

Vs 0.40 0.80 0.75 1.00 0.40 1.00 

'./7 1. :0 ~ ~. 

.i..vV i.JO 1.~O _.V\"J _. ..,,;"; 

VI 0.10 0.025 0 1.00 1. 00 a 

v, 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 

• 
VlO 

Vll 

V1l< 

0.60 

1. 00 

1. 00 

0.45 

0.90 

1. 00 

0.50 

1. 00 

1.00 

1. 00 

1. 00 

1. 00 

1. 00 

G.SO 

Q.50 

0.50 

1. 00 

J.30 

V15 1. 00 1. 00 1. 00 1. 00 1. GO 1. 00 

Component sr 

CWQ 

CR 

COT 

0.10 

0.80 

0.40 

0.025 

1.0 

0.80 

a 

0.62 

0.75 

1. 00 

0.71 

1. 00 

0.93 

0.77 

0.75 

0 

0.95 

1. 00 

CCIF 

HSI 

0.70 

0.10 

1.00 

0.025 

0.48 

0 

0.50 

0.77 

0.80 

0.81 

1.00 

0 

Standing crop 
(kg/ha) 25.76 36.85 8.06 21.08 70.80 27.00 
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West 
Variable Point 

Component S1 

CF 0.60 

0.55Cc 

r 0.87wwQ 
~ 

IJ~ 0.64 
-<. 

1. 00COT 

HSI 0.72 

Stand i ng crop 
( kg/ha) 4.26 

Table B-7. (concluded). 

Reservoir 
Center 

Oconee Lan i e r Hill 

0.83 0.40 0.53 

1. 00 0.2 i 0.35 

0.40 1. 00 0.97 

O.dO 0.53 0.65 

0.75 0.95 0.95 

0.40 0.61 0.69 

3.47 1. 79 0.18 

Shelbyville 

0.65 

:.30 

0,30 

f" .'-r
'..' . ';:::> 

0.80 

0.68 

2.60 

•
 
San;chris 

0,83 

O,7~ 

C.91! 

ro ~ J.e' 0 

0.65 

0.83 

9.50 

• 

•
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• Table B-9. (concluded). 

Altamaha 
(Mainstream 

Variable A) 

Component SI 

~ 0.50I..:=/C 

0.95C"Q..I 

0(0.69)
~~ 

0.52COT 

HS1 a 

HS1 0.64 

• Standing 
c:",op (kg/ha) a 

Mod.i fi ed 
'.. ari'able(s) V1 3 

Altamaha 
(Mainstream 

B) 

0.57 

0.93 

0(0.25) 

0.52 

a 

0.53 

a 

Vl 2 

River 

Altamaha 
(Oxbow) 

0(:.00) 

0.94 

0(O.d6) 

0.52 

a 

0.69 

0 

V2. V: 2 

Ocmulgee 
(Mainstream) 

~ (0 .:;'
L .--J 

0.97 

0Cl CO)v.\- ... 

0.52 

a 

0.67 

0 

Vl! 

Ocmulgee 
(Slough) 

0.39 

0.96 

"(" C)" 'J._= 

0.52 

a 

0.63 

0 

V1: 

Flint 

" -u.~:; 

1. 00 

CCO.!lS) 

0.52 

a 

0.53 

0.005 
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•• Table 8-9. Environw.ental data for green sunfish in selected 
riverine habitats. Numbers in parentheses represent values 
obtained after model modifications. 

River 
Altamaha Altamaha 

(Mainstream (Mainstream Altamaha Ocmulgee Ocr;ulgee 
Variable A) 8) (Oxbow) (Mainstream) (Slough) Fl in t 

Moael variaole S1 

VI 0.85 0.32 1. GO i""; ~~ 
'-'. ~ C./O 0.32 

... ,1.~ C.3C ~ ""'''-. 
_ • 'oJ •.J 

~ 

..J " 
~ -, 
.... ,:..J 

, 
..J. __ 

V1 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 

V,. 1. 00 1. 00 1. 00 1. 00 1. 00 1. CO 

Vs 1. 00 1. 00 1.00 1. 00 1. 00 1. 00 

VG 

V7 

Va 

1.00 

1. 00 

0.65 

1. 00 

1. 00 

0.50 

1. 00 

1. 00 

0.60 

1. CO 

1. 00 

0.22 

1. DC) 

1. 00 

0.70 

1 'il 
- • ........J 

!.OO 

1. 00 • 
Vg 0.60 0.10 0.27 1. 00 0.38 l.CO 

VlO 0.80 0.80 0.80 0.80 0.80 0.20 

Vll a a 0 0 0 0 

V12. a a 0 a 0 0 

V13 0 0 a 0 a 0 

V1" 0.60 0.60 0.60 0.60 C.60 0.60 

VlB 1. 00 1.00 1. 00 1. 00 1. 00 ~.OJ 
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Table B-10. Environmental data for warmouth in selected riverine• habitats. 'Component 51 1 s in parentheses were derived from modi
fied models. Numbers in parentheses represent values obtained 
after model modifications. 

Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altamaha 
(Oxbow) 

Ocmulgee 
(Mainstream) 

Ocmulgee 
(Slough) Fl i nt 

Modej variable 51 

V1 

'I
• 2 

1. 00 

1. ~O 

1. 00 

J. :4 

1.00 

. ~,., 

... ..,;v 

1. 00 
~ _. 
~.... . ..:. .... 

1. CO 

~,.., 

_.Ju 

1.~J 

~ 

...... -..J 

VJ 1. 00 1.00 1. 00 1. 00 1. 00 1. 00 

V~ 1.00 1. 00 1.00 1.00 1. 00 1.00 

• 
V5 

V, 

V7 

Va 

0.20 

1. 00 

1.00 

1. 00 

1. 00 

1. 00 

1. GO 

1. GO 

0.10 

1. JO 

1.00 

1. 00 

0.10 

1.00 

1. 00 

1. 00 

0.30 

1. 00 

1. 00 

1.00 

0.30 

1.CO 

1. 00 

1. QO 

V~ 1. 00 1.00 1.00 1.00 1. 00 1. 00 

V lD 1.00 1. 00 1.00 1. 00 1. 00 1.00 

V1 1 0 0 0 0 a 0 

V12 0.50 0.50 0.50 0.50 0.50 0.50 
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Table B-I0. (concluded). • 
Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altamaha 
(Oxbow) 

Ocmulgee 
(Mainstream) 

. Ocmul gee 
(Slough) Fl i nt 

Component 51 

.~ 

~- 0.60 O.6i 0.53 0.22 o ;;~.... C.2S 

Cc 0.46 0.5i 0.35 0.23 0.54 0.29 

.~ 

.....\J :.00 1. 00 1.00 ~.QO 1. CO 1. CO 

CR 0.84 0.64 0.84 0.64 0.84 0.69 

COT 0(1.00) 0(1.00) 0(1.00) 0(1.00) O( 1.00) 0(1 f''')_.uu 

HS1 0 0 0 0 0 0 

H51 (modified) 

S\.andi19 
coop (kg/ha) 

Modified 
variable 

0.79 

10.7 

V11 

0.77 

1.3 

Vll 

0.75 

15.33 

V11 

0.57 

0.15 

Vll 

0.82 

3.61 

V11 

0.68 

G.es 

V11 

• 
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• Table 8-11. Environmental data for bluegill in selected 
riverine habitats. 

Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altar.laha 
(Oxbow) 

Ocmulgee 
(~la i nstream) 

Ocmul~ee 

(Slough) Fl i nt 

Model 

V1 

V2 

',j 5 

variable SI 

0.35 

0.70 

1.CO 

1. 00 

0.30 

. ~~ 

J. .... 0 

0.15 

0.85 

J. • I...'\''; 

0.15 

o 1.... :, 

.... .... '" 

o ,,;:. .,.~ 

0.59 

O.~C 

0.33 

~-
1.. ,..n..... 

V6 1. 00 1. 00 1.00 1. 00 1. 00 1. 00 

V7 1. 00 1. 00 1. 00 1. 00 1. 00 1.00 

• 
V. 

V~ 

VI D 

Vll 

1. 00 

0.50 

1. 00 

1. 00 

1. 00 

0.10 

1. 00 

1.00 

1. 00 

0.20 

1. 00 

1. 00 

1. 00 

0.30 

1.CO 

1. OC 

1. 00 

O.S:; 

1. 00 

1.00 

1. 00 

0.63 

1. ClC 

' ~O 
~ ....... ' 

V12 0.95 1. 00 1. 00 0.85 0.90 0.90 

V13 0.10 0.10 0.10 0.10 0.10 0.10 

V14 0.20 0.10 0.20 G.10 0.10 0.20 

V15 0.10 0.10 0.10 0.10 0.10 0.10 

V16 0 0 0 0 0 0 

V17 1. 00 1. 00 1.00 1.00 1. 00 1. 00 

Vu 1. 00 1. 00 1. 00 1. 00 1. 00 0.70 
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Table B-11. (concluded). • 
Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altamaha 
(Oxbow 

Ocmulgee 
(Mainstream) 

Ocmulgee 
(Slough) Fl in t 

Component SI 
,.. 
''-F 0.50 0.::;;; 0.36 0.25 8652 ~ ~r

U.jO 

C,.. ... 

C·. n -. '< 

0.70 

0.94 

0.30 

0.85 

0.85 

0.88 

0.23 

0.97 

8.59 

o c'"\ 
.~~ 

0.33 

0.95 

CR 0.59 0.46 0.59 0.46 0.~6 0.52 

COT 0.53 0.53 0.53 0.53 0.53 0.53 

HS I 0.68 0.55 0.65 0.51 0.63 0.56 

Standing crop 
( ~g/ha) 16.7 8.5 23.6 2.2 27.3 0.32 • 
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• Table 8-12. Environmental data for black crappie in selec:ed 
riverine habitats. 

Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

8) 

River 

Altamaha 
(Oxbow) 

Ocmulgee 
(Ma i nstreao.1) 

Ocnulgee 
(Slough) F11nt 

Mocel variable SI 

1/ 1 

V% 

1. 00 

1.00 

1. 00 

0.23 

l~OC 

1.08 

1.CO 

0.23 

1 ......., 
•. u ...... 

, '"':i'" 
~.U'oJ 

~.20 

O.~3 

., 
i 3 . "'0l.L -: .... (": ........ '

VI> 0.20 0.39 0.28 0 0.17 0.30 

Vs 0.42 1. 00 0.19 0.19 0.59 0.50 

V7 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 

• 
VB 

\1 
• 9 

V10 

1. 00 

0.50 

0.30 

0.70 

a 

0 

0.85 

0.10 

0.10 

1. GO 

0.75 

0.60 

0.32 

o 1"1 

O. :0 

~.oo 

0.37 

0.37 

Vll 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 

V12 1. 00 1. 00 1. 00 1.00 1. 00 1. 00 

V1 ] 1.00 1. 00 1.00 1. 00 1. 00 1. 00 
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Table 8-12. (concluded). • 
Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altamaha 
(Oxbow) 

Ocmulgee 
(Mainstream) 

Ocmulgee 
(Slough) Flint 

Component 51 

CF/C 

CWQ 

C1 

COT 

0.65 

0.84 

0.87 

0.60 

0.53 

a 

0.81 

0.70 

0.44 

0.20 

0.76 

0.64 

0.23 

0.92 

0.61 

0.50 

0.77 

0.10 

0.92 

0.59 

0.54 

0.84 

0.81 

0.65 

H5I (ori g. ) 0.73 a 0.45 0.51 0.45 0.70 

HSI (mod.) a 

Standing 
crop (k.g/ha) 

Modified 
variable 

4.2 4.2 

V" Vu 

47.0 1.2 12.4 0 • 
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• Table 8-13. Environmental data for largemouth bass in selected 
riverine habitats. Numbers in parentheses represent values 
obtained after model modifications. 

Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

8) 

River 

Altamaha 
(Oxbow) 

Ocmulgee Ocmulgee 
(Mainstream) (Slough) Flint 

Model variable S1 

V1 0.10 1.00 0 0 0.35 0.24 

Vl 1. 00 0.40 1. 00 0.40 0.80 0.40 

V" 1.00 0.25 1.00 0.25 0.75 0.25 

Vi 0.80 0.80 0.80 0.80 0.80 0.80 

V, 1.00 1.00 1. 00 1.00 1.00 1.00 

• 
V. 

V~ 

VlQ 

Vll 

1.00 

1. 00 

0.87 

0.70 

1. 00 

1. 00 

1.00 

1. 00 

1.00 

1. 00 

0.86 

.0.70 

1.00 

1. 00 

0.80 

0.70 

1. 00 

1. 00 

0.87 

0.70 

1.00 

1. 00 

0.95 

0.80 

V12 1. 00 1. 00 1.00 1.00 1.00 1.00 

V13 1.00 1.00 1. 00 1. 00 1.00 1.00 

VI" 1.00 1. 00 1.00 1.00 1.00 1.00 

Vu 0.50 0.50 0.50 0.50 0.50 0.30 

Vu 0.70 0.70 0.70 0.70 0.70 0.85 

Vl1 0.90 0.85 0.90 0.90 0.90 0.85 

VII 1.00 1. 00 1. 00 1.00 1.00 1. 00 

Vu a a a a a a 
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Table B-13. (concluded). • 
Variable 

Altamaha 
(Ma inst ream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altamaha 
(Oxbow) 

Ocmulgee 
(Mainstream) 

Ocmulgee 
(Slough) Fl i nt 

Vu 

Vu 

Vu. 

a 

a 
1.00 

a 

a 
1.00 

a 
a 

1.00 

a 
a 

1.00 

a 
a 

1. 00 

a 
a 

1.00 

Comoonent SI 

CF 

Cc 

CWQ 

CR 

COT 

HSI (orig.) 

HSI (mod.) 

Standing 
crop (kg/ha) 

Variables 
modified 

0.32 

0.92 

0.88 

0(0.46) 

1.00 

0 

0.65 

18.6 

V10 

0.57 

0.53 

0.94 

0(0.57) 

1.00 

a 
0.69 

5.2 

Vu 

0 

0.92 

0.88 

a 

1.00 

a 

25.4 

0(0,33) 

0.53 

0.99 

0(0.73) 

1.00 

0 

0.66 

3.5 

V1 , Vu 

0.52 0.28 

0.81 0.55 

0.88 0.91 

0(0.63) 0(0.50) 

1.00 1. 00 

a a 
0.75 0.59 

13.5 1.3 

Vu V" VIa 

• 
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• Table 8-14. Environmental data for black bullhead in selected 
riverine habitats. 

Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

8) 

River 

Altamaha 
(Oxbow) 

Ocmulgee Ocmulgee 
(Mainstream) (Slough) Flint 

Model variable 51 

V1 0.45 0.90 0.15 0.10 0.55 0.50 

V2 1.00 0.10 1.00 0.20 1. 00 0.45 

"J] a 0.':0 a Cl J a 

VI+ 1.00 0.80 0.90 1. 00 1.00 1. 00 

Vs 1.00 0.70 1.00 1.00 1.00 0.70 

V, 1.00 1.00 1.00 1. 00 1.00 1.00 

• 
V1 

V. 

V, 

1.00 

1.00 

1.00 

1.00 

1. 00 

1.00 

1.00 

1.00 

1. 00 

1.00 

1. 00 

1. 00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Vu a 1.00 0.70 1.00 0.60 0.99 

Vu 1.00 1.00 1.00 1.00 1.00 1.00 

V12 1. 00 0.30 1.00 0.40 1.00 0.80 
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Table B-14. (concluded). • 
Variable 

Altamaha 
(Mainstream 

A) 

Altamaha 
(Mainstream 

B) 

River 

Altamaha 
(Oxbow) 

Ocmulgee 
(Mainstream) 

Ocmulgee 
(Slough) Flint 

Component 51 

CF 

Cc 

0.67 

0(0.67) 

0.30 

0.26 

0.39 

0(0.39) 

0.14 

0(0.14), 

0.74 

0(0.74) 

0.47 

0(0.47) 

CWQ 
CR 

H51 (orig.) 

1. 00 

0(0.77) 

0 

0.83 

0.72 

0.46 

0.93 

0.57 

0 

1.00 

0.45 

a 

1.00 

0.76 

0 

1. 00 

0.75 

0 

HS1 (mod.) 0.77 0.53 0.31 0.80 0.62 

Standing 
crop 
bl. bull. 

brn. bull. 

0 

47.4 

0 

42.3 

0 

0.14 

a 
0 

0 

4.1 

0 

41.4 • 
Modified 

variable(s) VI. Vu V1 V1 V1 V1 
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• Table 8-15. Environmental data for channel catfish in selected 
riverine habitats. 

River 
Altamaha Altamaha 

(Mainstream (Mainstream Altamaha Ocmul gee Ocmulgee 
Variable A) B) (Oxbow) (Mainstream) (5lough) Flint 

Model variable 51 

V1 1.00 0.35 1.00 0.35 1. GO 0.75 

V2 0.50 1. 00 0.30 0.55 0.80 0.20 

'Jr" 0.20 0.20 0.20 0.20 0.20 0.50 

Vs 1.00 1.00 0.90 1.00 1. 00 1. 00 

V, 1.00 1.00 1.00 1. 00 1.00 1.00 

V7 1.00 1.00 1.00 1.00 1. 00 1. 00 

• 
V, 

V, 

VlO 

0.55 

1.00 

0.50 

0.55 

1. 00 

0.75 

0.60 

1. 00 

1. 00 

0.60 

1. 00 

0.82 

0.60 

1.00 

0.90 

0.50 

1.00 

0.80 

Vll 1.00 1.00 1.00 1.00 1.00 1.00 

V12 1.00 1.00 1.00 1. 00 1.00 1.00 

Vu 1.00 1.00 1.00 1. 00 1.00 1.00 

VH 1.00 1.00 1.00 0.90 1. 00 1.00 

Vu 1.00 0.30 0.10 0.10 0.10 0.10 
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Table B-16. (concluded). • 
River 

Altamaha Altamaha 
(Mainstream (Mainstream Altamaha Ocmulgee Ocmulgee 

Variable A) B) (Oxbow) (Mainstream) (Slough) Flint 

Component S1 

CF 0.44 0.55 0.52 0.37 0.57 0.45 

0.39 0.45 0.38 0.34 0.46 0.45Cc 
(" 0.82 0.38 0.84 1.00 1.00 0.93wWQ 

CR 0.50 0.56 0.49 0.45 0.50 0.50 

0.78 0.88 0.78 0.52 0.70 0.80COT 

HS1 0.56 0.54 0.55 0.49 0.62 0.60 

Standing crop 
( kg/ha) 0 136.4 35.0 2.2 78.8 a .

" .. - - ~
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HABITAT MODEL VALIDATION CONCEPTS 

by . "I' 

Adrian Farmer 
Habitat Evaluation Procedures Group 
Western Energy and Land Use Team 

2627 Redwing Road 
Drake Creekside One 

Fort Collins, CO 80526-2899 

Models are simplifications of real systems and t therefore, can a1ways be 
invalidated under certain conditions. Because of this, validation should be 
defined as delineating the domain within which a model can be expected to 
provide realistic results. Defining the domain of model reliability may 
require substantial resources and multiple field tests. However, the Habitat 
Evaluation Procedures (HEP) Group, Habitat Suitability Index (HSI) model 
val idation program seems to have been aimed at proving model s fundamentally 
correct (or incorrect) based on a single field trial. Many of these validation 
efforts have not resulted in defensible conclusions about individual 
hypotheses. Thus t it may be time to critically review the HEP Group model 
validation guidelines within which the testing efforts reported in this 
workshop were carried out. 

Habitat information that can be used to construct HSI models is extremely 
limited. Generally, the available data are site specific and unrelated. 
Synthesizing these data into model relationships requires considerable judgment 
by the model builder. Consequently, HSI models are typically based on 
numerous, untested hypotheses, anyone of which can be invalid for a particular 
application. When a model fails to depict reality, it may be impossible to 
pinpoint the exact reasons for failure. 

The HEP Group HSI model validation program has focused on the output from 
HSI models, ignoring the many assumptions made in computing an HSI. Model 
outputs (i.e., HSI's) have been compared to observed animal densities on 
independent areas, usually selected on the basis of available density data. 
When model output fails to correlate with population density data, alternative 
model(s) frequently are constructed by fitting model relationships to the test 
data using int~ition or multivariate techniques. However, data fitting may be 
a poor strategy for model validation. Most models can be adjusted to fit any 
given data set t but the adjusted model may not be reliable when applied to new 
conditions, such as a major land use change (Holling 1978). In short, the 
"data fitting" approach may provide only illusions about the model's 
reliability. 

391 



More fundamentally, it seems questionable to fit a habitat model to 
density data unless it is certain that the density estimates are representative 
of-limttscJmposed,by the habitat (i.e., carrying capacity). Edwards and Fowle 
(l9SS: 597) P01 nted out, that carryi ng capaci ty is not a static property of the 
environment; rather, it fluctuates II ••• in response to the ebb and flow of 
interas::ti,pns .90;'ng om within itu '., One consequence of temporal dynamics. is 
that populations may be limited by environmental conditions that operate 
during critical periods of time (e.g., winter). Current environmental 
conditio~~ .!f·.-e, •.~IClJrrentn carrying capacity) may be quite different than 
conditions during the critical periods. Wildlife populations do not respond 
instantaneously to temporal changes in carrying capacity, and density observed 
at one point in time'may have little direct relationship to carrying capacity 
at that time. Thus, it may be illogical to fit a habitat model to density 
data based on point-in-time habitat observations. 

Edwards and Fowle (1955) also pointed out that critical environmental 
factors may vary spatially. The conditions of an area must be well understood 
in order to prooerly identify the ~ritical factors that have influenced.popula
tion size in that area. For example, Mule (1982) discussed the disagreement 
between assessment of habitat suitability by experts and by HSI models for his 
Alaskan study area. He poi nted out, however, that much of the i nformat ion 
used to develop the models was from sites geographically removed from his 
study area and may not have been representative of Alaskan habitats. 

A model must include the system variables that are critical in determining 
carrying capacity in order to be realistic. If a model is to be useful in 
tmpact assessment, it must al so address factors that may be .critical under 
future conditions. It is probably unrealistic to expect a single habitat 
model to include the critical factors and interrelationships for all possible 
combinations of beginning and future habitat conditions. Because of the 
spatial and temporal variation in carrying capacity. there may be many alter
native models, each of which is better suited to a particular land use and 
geographic area. 

If there are alternative models for use in different situations, then it 
follows that there may be no definitive procedure for proving that a particular 
model 1s generally valid (or invalid). The validation of an HSI model is 
lar.gely .·a .:problem-spec1f1c process. Defining the domain of reality for a 
model may require extensive field work over many years and in many situations. 

If, on .the other hand, we are interested in model validations that may 
pay'Gff 1n rap1d model improvement, I suggest that our testing efforts address 
ind1vidual model assumpt10ns and hypotheses rather than the model as a whole. 
Many HSI models are built on similar assumptions. For example. many terres
.trt.al .spec1es model s are based ,on the assumption that food abundance (or 
-.product10n) is related to vegetation structure. Blendon (1982) tested this 
Mypo.thes1s 1n M1ssour1 and developed relat10nsh1ps that may be generally 

,appltcable for many 1nsectivorous ·species. At the very least, 1ndividual 
-model.ass.umptions should.be tested pr10r to attempted validation of the entire 
-model (Le .• the HSI). 

•
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