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CHAPTER 1
GENERAL INFORMATION

Introduction

In Oklahoma, the responsibility to establish and
maintain water guality standards rests with the Oklahoma
Water Resources Board (82 0.S. Sec. 926.1,.13). The process
for making changes, amendments, and revisions to water
quality standards was set forth by the federal government in
40 CFR Part 130.17. Title 82 0.S. 1981, Section 926.6
provides the requirements for State revisions. These
procedures included a systematic triennial review process of
technical, administrative and public concerns. The National
Environmental Policy Act (88), the Wa;er Pollution Control
Act (89), the Safe Drinking wWater Act (90), and subsequent
amendments (91), have all, separately and combined, been a
force which has elevated the role water guality standards
play in the management of environmental quality.

Water quality standards today go far beyond the concept
of establishing criteria for environmental quality of water
resources, They now hold the power to influence alternatives

available, and the eventual course of events for projects

1



which both directly and or indirectly affect water uses. An
example of this dynamic relationship between the criteria
established to protect beneficial uses, and the force they
impart on the decision making process, can be illustrated by
examining the changes which have taken place in the dissolved
oxygen criteria; applied to Oklahoma's water quality
standards over the last fifteen years. Table 1 contains a
summary of Oklahoma's water quality standards for f£ish and
wildlife beneficial uses for the period from 1968 through
1982,
The Recent History of Oklahoma's Water Quality Standards.

The 1968 Oklahoma Water Quality Standards (79) set the
State's first dissolved oxygen (D.O.) criteria at 4.0 mg./l.
In addition, a disclaimer was placed on the applicability of
the standard in areas below waste discharge when there was
less than a 2Qs/Qe felationship (ratio of stream flow to
effluent flow). The relevance of this relationship will be
discussed in subsequent chapters.

In 1973 (80) the fish and wildlife propagation benefical
use criteria included two designations:

C1 Fish and wildlife Propagation.

c2 Fish and Wildlife Propagation to the extent allowed

by specifically stated water quality parameters.



Year Description of Benefical Use and D.0. Criteria
1968 Code C- Fish and Wildlife Propagation

The dissolved oxygen concentration shall not be less
than 4.0 mg./l., except that this limitation of 4.0
mg./1l. will not be applicable in the immediate vicinity
of the point of waste discharge when stream flow is
less than 2008 of the waste flow. In addition, the
relationship of dissolved oxygen, biochemical oxygen
demand and chemical oxygen demand of the waste
releases, and the flow characteristics of the stream
shall not create conditions downstream that are
detrimental to benefical uses.

1973 General Standard

The dissolved oxygen concentration shall not be less
than 5.0 mg./1. for all warm waters.... Under extreme
conditions, the diurnal variations may cause the dis-
solved oxygen concentration to be as much as 1.0 mg./l.
below the above value for short periods (not to exceed
8 hours) during any 24-hour period provided that the
water quality is favorable in all other respects.

Special Standards

Return Flow Streams: Dissolved Oxygen- the dissolved
oxygen content of a return flow stream shall not be
less than 2,0 mg./l. The dissolved oxygen
concentration just above the point where the flow of
the stream combines with the flow of a stream of higher
designated use shall not be less than 3.0 mg./l.
Mixing Zones and Zones of Passage: Dissolved Oxygen-
the dissolved oxygen shall not be less than 2.0 mg./1l.
within the mixing zone.

1~ Fish and wildlife Propagation,
eneral Standard (applies as above i.e. D.O. 5.0 mg./1.).

o- Fish and wildlife Propagation to the extent allowed
gy specifically stated water parameters (i.e. "b"
designation for return flow stream as above with 2.0
mg./l. D.O. criteria).

Table 1. Summary of Oklahoma Water Quality Standards for
Fish and wWildlife Propagation 1968-1982 (79,80).



Year

Description of Benefical Use and D.0. Criteria

1976 Fish and Wildlife Propagation (Sec. 4.3).

1979

There are no generalized water quality standards
applicable for all kinds of fish and wildlife.
Generally, unpolluted waters support a diverse aquatic
community while only tolerant species can survive in
comparatively polluted waters. The impact of a given
chemical constituent on a biological community is not

mutually exclusive of other constituents since
synergistic interactions are common,

General Standards.

Apply for all perennial streams except when flow is
less then the seven day, two year low flow value. This
standard also applies for intermittent streams when the
flow is less then 1.0 cfs.

Sec. 6.9- Dissolved Oxygen: The dissolved oxygen
concentration shall not be less than 5.0 mg./l. for all
warm waters.... It is recognized that diurnal
fluctuations of dissolved oxygen occur in natural
aquatic systems due to production and respiration
processes. Due to these natural processes, a 1.0
mg./l. dissolved oxygen concentration deficit shall be
allowed for not more than eight hours during a twenty-
four(24) hour period.

At all other times the instream dissolved oxygen
concentration shall be maintained to prevent nuisance
conditions caused by mans activities.

Special Standards.

Mixing Zones: The dissolved oxygen concentration in a
mixing zone shall not be less than 4.0 mg./l.

Pish and Wildlife Propagation (same as 1976).
General Standards (same as 1976).

Special Standards (same as 1976).

Table 1 (cont.). Summary of Oklahoma Water Quality Standards
for Fish and wildlife Propagation 1968-1982 (81,82).



Year

1982

Description of Benefical Use and D.O. Criteria
Pish and wildlife Propagation.

Sec. 4.3 (added one additional sentence to the 1979
version). In addition, waters of diverse habitat will
exhibit more species than waters with limited habitat
variation.

Dissolved Oxygen.

Sec. 4.3(a)- Two dissolved oxygen (D.0O.) standards are
designated to protect the diverse warm water fisheries
of Oklahoma. Streams designated as Primary Warm Water
Fisheries are required at all times to meet a minimum
dissolved oxygen of 5.0 mg./l. Streams designated as
Secondary wWarm Water Fisheries are required to meet a
minimum dissolved oxygen of 3.0 mg./l. Allowable
loading designed to attain these criteria shall be
calculated at the low flow value and critical
temperature as defined in Appendix C.

Appendix C.

Allowable Load: For Perennial Streams- the allowable
load for oxygen demanding substances shall be based
upon attaining an instream D.0. of 5.0 mg./l. for
Primary Warm Water Pisheries, 3.0 mg./l. for Secondary
Warm Water Fisheries.... at and above the seven-day,
two year low flow value, and at the critical
temperature. For Intermittent Streams— the allowable
loading for oxygen demanding substances shall be based
upon attaining an instream D.0. of 5.0 mg./l. for
Primary Warm Water Pisheries, 3.0 mg./l. for Secondary
Warm Water Fisheries.... at and above 1.0 cfs., and at
the critical temperature. Critical Temperature: The
seven day maximum temperature likely to occur with a
50% probability each year, or 900F.,

Mixing Zones: No D.0O. criteria presented. New
language was added as follows: It is recognized that
the water quality in the mixing zone may be unsuitable
for certain beneficial uses.

Table 1 (cont). Summary of Oklahoma Water Quality Standards
for Fish and Wildlife Propagation 1968-1982 (84).



These two levels of protection bear a striking resemblance to
the present 1982 standards. The impact of the return flow
stream concept is, at least from an regulatory viewpoint,
analogous to the secondary warm water fishery designation
introduced in the 1982 standards. The difference being that
the D.O. level for return flow streams was 2.0 mg./l. and the
secondary warm water fishery designation is 3.0 mg./l.

In 1976 (8l1), the Environmental Protection Agency (EPA)
pressured the State to remove the return flow corcept
referred to as little 'b'-"an effluent dominated stream".
The section 208 studies of the Clean Water Act were in full
swing in many parts of the country including Oklahoma. This
author remembers the many meetings he attended as a member of
the Environmental Policy Advisory Council for the Association
of Central Oklahoma Governments (ACOG). During these
meetings the goals of the Clean Water Act (i.e. "fishable
swimmable streams by July 1, 1983") were echoed as a force
along with public sentiment which assisted in the eventual
removal of the little 'b' designation. The result of the
1976 revision process was a strengthening of the D.O.
criteria to 5.0 mg./l., with a eight hour excursion of 1.0
mg./l. to 4.0 mg./l. due to natural diurnal flucuations in
dissolved oxygen. In addition, when the flows dropped below

1.0 cfs only the narrative standards preventing nuisance



conditions would apply.

In 1979 (82), attempts to revise the standard for D.O.
were minimized by the fact that the approval of the 1976
standards had taken practically three years. This meant that
the 1979 review process saw no substantial change in the D.O.
criteria for fish and wildlife propagation.

Then in 1982 (84), the revision process resulted in
still another change in the fish and wildlife propagation
beneficial use designation. Two separate categories were
introduced, each with a different D.O. criteria. The
criteria was divided between "primary warm water®™ and
*secondary warm water" fishery designations. Primary warm
water fisheries were assigned a D.O. criteria of 5.0 mg./l.
and defined as areas with "water quality and habitat adequate
to support sensitive warm water fish species in abundance®.
*"Environment suitable for a full range of warm water
benthos®™. Secondary warm water fisheries were assigned a
D.0. criteria of 3.0 mg./l. These were defined as areas with
"water quality and habitat not adequate to support sensitive
warm water fish in abundance®. ®This can result from two
conditions: a) Habitat and natural physical-chemical
characteristics not suitable for a full range of aquatic

organisms. b) Man induced conditions preclude the



attainment of a full range of aquatic organisms including
sensitive warm water fish species in abundance®, These
standards are to apply at all times in streams designated as
such.

It becomes apparent from an examination of the various
changes which have occurred over these 15 years that, the
D.0. criteria has played an important role in the politics of
water quality management and standards in Oklahoma. That is
to say, that the underlying theme behind the continued
revision has been to achieve some flexibility apart from the
rigid across the board 5.0 mg./1l. D.O. standard.

The Clean Water Act (91) set as national goals some of
the following:

1. ®"it is the national goal that the discharge
of pollutants into navigable waters be eliminated
by 1985",

2. *it is the national goal that wherever
attainable, an interim goal of water quality
which provides for the protection and propagation
of fish, shellfish, and wildlife and which
provides for recreation in and on the water be
achieved by July 1, 1983".

3. *it is the national policy that the

discharge of toxic pollutants in toxic amounts be



prohibited®.
These were adopted by communities across the country
including Central Oklahoma during the previously mentioned
208 study period.

In some cases, in spite of the best efforts of
management agencies, the role decision making policy played
in the setting of the D.0. criteria left the realm of science
and entered the political setting of citizens advisory
committees, public hearings and threats of federally
promulgated standards. This I believe is at least some of
the local color of what occurred in Oklahoma during the
period between 1973 and 1983. The numerous changes in the
standards for fish and wildlife beneficial uses, during that
period, reflected a hard, rigid approach. This was tempered
by the goal of the federal law rather than the reason and the
calculated substantiation of wasteload allocation studies and
scientific evaluations.

Development of the 1982 Oklahoma Water Quality Standards.

Towards the end of the 208 process in Oklahoma, and
continuing since, the application of wasteload allocation
methodologies has helped to return the decision making
process for fish and wildlife benefical use criteria to a

respectable blend of science and politics. 1In the 1982
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revision process, several developments unfolded which set the
stage for the present dichotomous criteria know as primary
and secondary warm water fisheries.

First, the regional wasteload allocation process in
Central Oklahoma (2) resulted in the proposal to develop a
distinction between those rivers or stream segments which
could support a 5.0 mg./1. criteria for D.0. and those which
could not. Reasons for not being able to meet the existing
criteria included: physical limitations (i.e. 1lack of
adequate habitat) and economic factors (i.e. costs for
treatment more advanced than secondary).

Second, the State's wasteload allocation process and 208
worktask 141 (83) revealed similar thoughts on the need for a
special case criteria to allow for a lower D.O. standard in
streams receiving domestic waste. The State's case was
tempered by the status of numerous federal construction
grants projects which could potentially be affected by any
change in the D.O. criteria. Thirdly, the introduction of
the new guidelines on the revision of water quality standards
by EPA.

The net result of these three factors, and other
managerial considerations of OWRB, was the consideration of
certain streams and segments of streams for redesignation as

secondary warm water fisheries. 1In the process, an attempt
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was made to utilize the developing EPA supported use
attainability analysis methodology to collect data‘from those
stream segments proposed for possible redesignation.

This dissertation will focus on certain aspects of the
data collected as part of the process to support or contest
the proposed revisions. An attempt is made to develop data
management techniques which help differentiate between groups
of related information. This approach attempts to classify
the relative biological and environmental attributes of
secondary and primary warm water fisheries and the factors
which influence their occurrence.

The Problenm.

The EPA policy for the revision of water quality
standards requires supportive information and documentation
for the redesignation of a beneficial use. Determining how
to analyze Oklahoma's use attainability database and depict
the present status of agquatic use attainment is the purpose
of this research. The technique of depicting the existing
environmental condition and the present status of use
attainment is referred to as "use attainability analysis
(UAA)". This procedure, as introduced by EPA (35), is
addressed in more detail in a subsequent chapter of this

dissertation.
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Much of the information in the Oklahoma UAA database is
qualitative or semi-quantitative data supported by the
professional judgement of the investigators. Information on
the community structure of fish and invertebrate species
consists of presence and absence, and relative abundance
designations. Habitat and other environmental variables
differ in level of measurement and units of measure as well.
Developing a data analysis methodology which helps to
determine the patterns of association in the data, assess the
degree of beneficial use attainment, distinguish between
secondary and primary warm water fisheries, and account for
the factors affecting their occurrence, is essential to the
successful documentation of proposed revisions.

The importance of scientific documentation for
beneficial use redesignation cannot be overstated. Section
130.17(c)(3) of the Pederal Water Pollution Control Act
specified that one of the following criteria must be
documented before any downgrading of existing beneficial uses
can be approved:

"The State may establish less restrictive uses than

those contained in existing water quality standards,

however, only when the State can demonstrate that:

(1) The existing designation is not attainable

because of natural backgrouné;
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(ii) The existing designated use is not attainable
because of irretrievable man-induced conditions; or
(iii) Application of effluent limitations for existing
sources more stringent than those required pursuant to
Section 301(b)(2)(A) and (B) of the Act in order to
attain the existing designated use would result in
substantial and widespread adverse economic and social
impact."
EPA issued its final rule on water quality standards review
and revision on November 8, 1983 in 40 CPR Part 131. This
regulation sets forth the present requirements for changing
beneficial use designations. The details of these
requirements and the future role of UAA in the standards
revision process are discussed in Chapter 1IV.

The ability of the secondary warm water fishery
designation to serve as an administrative short cut around
the redesignation process should not be ignored. BHowever,
where it can be documented that the existing conditions are
inherently limiting and unable to support a diverse and
healthy community structure, UAA can serve as the method to
support and document a proposed redesignation.

The Objective.

The major objective of this study is to illustrate
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techniques which can be applied to assess the various
categories of variables in the UAA database. Emphasis has
been given to those aspects of the database which can serve
to illustrate the possible distinctions between primary and
secondary warm water fisheries (i.e. biological variables).
In addition, because these differences might reflect the
result of natural versus man induced conditions, an attempt
is made to assess factors affecting the variations within the
database.

Assumptions.

Analysis of the attainment status for f£ish and wildlife
beneficial uses is a relatively new form of aquatic
assessment technology. UAA is not like the classical
limnological investigations which sampled the biological
community in broad based framework designed to develop
'‘baseline data' for trend analysis. UAA is a more focused
form of assessment. The methods employed in the Oklahoma
study were developed by OWRB staff using EPA guidelines and
assistance, as well as, advice from numerous local water
quality specialists (including this author). The method must
therefore be considered developmental and not rigid in
application or evaluation. The database represents the best
consensus of effort applied to date on a statewide level.

Oklahoma's UAA program attempts to assess the existing level
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of attainment of fish and wildlife beneficial uses by
implementation of EPA's developing guidelines on water

quality standards revision.



CHAPTER I1
LITERATURE REVIEW
Introduction. |

The ability of any given stream environment to support
aquatic life of a diverse and healthy assemblage is a
function of intrinsic and extrinsic factors. Intrinsic
factors, such as production and consumption, interrelate as
forces which affect the balance of a given stream
environment's trophic pyramid. This pyramid is also subject
to stress from extrinsic factors, such as polluting sources
of waste and extreme climatological conditions. Those
streams which have the combined burden of both these forces
are subject to substantial degradation. This degradation is
reflected by changes in the community structure of organisms
inhabiting the stream.

The following sections of this chapter expand upon the
theme of how to measure change in a given stream environment.
The methodologies which have been employed in the past to
account for the stresses which nature or man produce are
reviewed, There are three main areas of this review. These

consist of the use of biological indices, the relationship of

16
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dissolved oxygen to fish and the ecology of stream
environments, and multivariate analysis of aquatic ecology.
The emphasis is on documenting those literary accounts which
have potential for use as methods to analyze or evaluate

Oklahoma's UAA database.

The Use of Biological Indices
in the Assessment of Hydrobiocenosis
Introduction.

How should water quality be measured? That is our
challenge. The use of indices and indicator organisms has
been the subject of many reviews (15,42,58,71,118). Brown
et. al. (15) referred to an index as a "yardstick" and the
process of making decisions supported by a water quality
index, an art more than a science. Translating the often
random and seemingly uncorrelated data of biological,
chemical and physical information into a well illustrated
unambiguous account of the quality of a given environment is
the focus of this review. Traditional and innovative
assessment methodologies, such as the Biotic Index (131) and
Communtiy Diversity (98), will be reviewed along with other

comparison techniques.
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Pollution Indices.

Monitoring of changes in the aquatic ecosystem and the
assessment of community structure has long been a subject of
interest to those involved in water quality research.
European researcher® such as Kolkwitz and Marrson (63,64)
introduced the concept of the saprobien system in 1908. This
is a form of zonal classification, based on the occurrence of
saprobic organisms. This system was later modified by
Liebmann (65,66), and Sladecek (100-103) to account for the
range of occurrences of saprobic species and the saprobity of
a given segment of a stream.

Use of the saprobic system of classification requires
exact speciation of samples whether invertébrates are used to
calculate these indices (104,105) or diatoms (67). This
effort is extremely labor intensive and often, as was the
case with the Oklahoma UAA study, cost prohibitive. The use
of costly techniques, such as speciation of benthic
invertebrates and diatoms, requires personnel with highly
trained taxonomic skills. Most regulatory agencies do not
possess the type of personnel trained to do this analysis.
These levels of identification are perhaps better attended to
by sub-contract with local universities and colleges.

Biotic Indices.

Another category of classification includes the Biotic
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Index, developed by Woodiwiss (131) in 1964 for the Trent
River Board. This method, represented in Table 2, is based
on the presence or absence of certain critical groups of
taxa. The index changes, decreasing in value from 10 to one,
as the species composition shifts from samples containing
higher numbers of pollution sensitive organisms to more
varieties of pollution tolerant species. Numerous
adaptations of the Biotic Index have been utilized to assess
stream quality. Graham (45) inverted the scale of the
original Biotic Index and shortened the values which ranged
from one in clean streams to six in polluted areas. The
classification scheme prepared by Graham is presented in
Table 3. Chandler (25) radically expanded the Biotic Index
to a 'score system' which assigns scores to given groups of
species present and their relative abundance. The Chandler
Score system is outlined in Table 4.

Unlike the saprobien system, biotic indices are less
dependent on taxonomic classifications at the species level.
Chandler's Score uses taxonomic group levels such as order,
family, genus and only occassionally species. This concept
of scoring the relative significance of taxonomic groups, and
weighing the value as a function of pollution categories and

relative abundance, has potential for application in use



WATER
QUALITY

Clean

Polluted

Table 2.
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TRENT BIOTIC INDEX

Plecoptera
nymphs

Ephemeroptera
nymphs
(exd.Baetis)

Trichoptera
larvae or

Baetis
Gammarus

Asellus

Tubificid
worms and/or
Chironomid
larvae

All above
absent

Trent River Board Biotic Index (131).

NUMBER OF
SPECIES

0-1
> one -
only one -
> one -
only one -
> one -
only one Iv
all above
absent III
all above
absent III
all above
absent I

some species
requiring low
D.0. may be -
present(i.e.
E. tenax)

TOTAL NUMBER OF
GROUPS PRESENT

2-5 6-10 11-15 16+
VII VIII IX X
VI VII VIII IX
VI VII VIII IX
vV VI VII VIII
v VI VII VIII
v v VI VII
IV v Vil VII
Iv \'4 VI VII
II III IV -
I I1 - -
Sample

accumulates points based on the presence of these groups of
taxa and the total number of different groups or organisms
(i.e. families, genera,

species) present in the sample.
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GRAHAM'S BIOTIC INDEX

KEY GROUPS NUMBER OF INDEX
GROUPS FOUND
Stoneflies and non-Baetid mayflies 10+ 1
present 0-9 2
One or both of the above absent, 10+ 2
caddis and shrimps present 0-9 3
Stoneflies, non-Baetid mayflies and
caddis absent, Baetig, shrimps, 10+ 3
Asellus, snails or leeches present 0-9 4
All above groups absent, fauna
restricted to Tubifex sp., Nias sp..
midge larvae or blood worms - 5
No macroinvertebrates found - -
Annual Mean Index Pollution Category

1-2 A. Clean

3-4 C. Polluted

4-5 D. Seriously polluted

5 E. Grossly polluted

Table 3. Graham's Biotic Index (45). A sample accumulates
points on the basis of the presence of key taxonomic groups
and the total number of taxa in the sample.
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CHANDLER'S SCORE

GROUPS PRESENT PRESENT PEW COMMON ABUNDANT VERY

IN SAMPLE ABUNDANT

Planaria alpina,

Taeniopterygidae,

Perlidae,Isoperlidae

Chloroperlidae 90 94 98 99 100

Leuctridae,Capniidae

Nemouridae

(exd. Amphinemura) 84 89 94 97 98

Ephemeroptera 79 84 90 94 97

(exd.Baetis)

Cased Caddis, and

Megaloptera 75 80 86 91 94

Ancylus sp. 70 75 82 87 91

Rhyacophila 65 70 77 83 88

Dicranota,Limnophora 60 65 72 78 84

Simulium 56 61 67 73 75

Coleoptera,Nematoda 51 55 61 66 72
47 50 54 58 63

Baetis 44 46 48 50 52
40 40 40 40 40

Uncased Caddis

(exd. Rhyacophila) 38 36 35 33 31

Tricladida

(R. alpna) 35 33 31 29 31

Bydracarina 32 30 28 25 21

Mollusca(exd.Ancylus) 30 28 25 22 18

Chironomids

(exd. C. riparius) 28 25 21 18 15

Glossiphonia) 26 23 20 16 13

Asellus 8p. 25 22 18 14 10

Leeches (exd. Haemopis

& Glosiphonia 24 20 16 12 8

Haemopis sp. 23 19 15 10 7

Tubifex sp, 22 18 13 12 9

Chironomug riparius 21 17 12 7 4

All air breathing sp. 19 15 9 5 1

No animal life 0 0 0 0 0

Table 4. Chandler's Biotic Index "Score" (25). The
taxonomic composition of a sample accumulates points based on
the number of different groups (i.e. species or genera) and
their relative abundance.
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attainability analysis.

Balloch et. al. (6) conducted studies on three river
systems in England. They compared the Trent Biotic Index,
Graham's Modified Index and Chandler's Score with the number
of benthic invertebrate taxa, density of individuals, the
Community Diversity Index, and Kothe's Species Deficit. They
concluded that each method has specific advantages and
disadvantages. Chandler's score was considered to be the
most sensitive index for depicting changes in water quality
between sampling stations. Cook (27) also reviewed indices
for community structure and found the Shannon-Weaver index of
diversity to be very imprecise and Chandler's Score a more
reliable index highly correlated with B.0.D. and coliform
counts.

Still another approach to classification based on the
concept of the Biotic Index was prepared for the Department
of the Environment (DOE), London England (48). Hawkes'
thesis on the biological surveillance of rivers discusses the
DOE model referred to as the BMWP Score (Biological
Monitoring Working Party). This score system is much like
the Trent Biotic Index in that it develops a scale from 1 to
10 based on the pollution tolerance of benthic organism to
organic pollution. The occurrence of various taxa

accumulates points for the sample and the sum represents the
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score for that sample or station. The Biotic Index and the
BMWP Score are examples of data processing techniques which
scale the quality of the environment based on the presence or
absence of taxa and their pollution tolerance. They differ
from Chandler's Score and the diversity index which include
in the calculation quantitative analysis of the number of
individuals in the sample.

Jones et.al. tested the use of the Biotic Index in
assessing water quality of Missouri Ozark Streams (59). They
used variations on the Biotic Index theme prepared by Chutter
(26) and Hilsenhoff (50). They scored benthic invertebrates
according to specific pollution tolerances ranging from zero
to four. The Biotic Index was then calculated as the sum of
the pollution tolerance values divided by the number of
species and multiplied by the number of individuals present
for each taxon at that sampling point. They remarked that
seasonal changes in benthic assemblages could affect
comparisons made between sampling stations.

Ghetti and Bonazzi (43) prepared a conversion table for
correlating the Biotic Indices of Woodiwiss (131), Verneaux-
Tuffery (125), the Saprobic Indices of Pantle and Buck (85)
and Liebmann (65,66). The conversion table helps make

associations between Biotic Index scores, which are based on
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the occurrence of organisms with specific pollution tolerance
ratings, and the various saprobic classifications. Saprobic
clagsifications are based upon identifying the zone or class
of organic enrichment from nonpolluted to more organically
enriched polysaprobic environments.

Water bodies are not static or steady state
environments. Classifications such as the Saprobien System
delimit major zones of change. These changes are reflected
in both the biota and other parameters as well. Von Tumpling
(126,127) described the relationship between levels of
saprobity, dissolved oxygen, biochemical oxygen demand and
ammonia ion concentrations. He proposed four classifications
based upon the relationship between the biological state
(saprobidity) and oxygen balance in the stream. The ability
to make associations between the scale of a pollution index
and other environmental factors such as B.0.D. and the degree
of wasteloading have potential for application in UAA.

Schmitz (97) advocated the use of simpler and less
technical methods in biological stream surveys to assess
water quality and assist in technical planning. He described
5 classes of organic pollution loading based upon descriptive
summaries of habitat features, biological characteristics and

oxygen supply.
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Diversity Indices.

The basis for comparisons of community structure
includes as a prerequisite, accurate and thorough species
identification. Resh and Unzicker (93) addressed the
importance of species identification for benthic
macroinvertebrates. Hellawell (49) summarized most of the
properties of indices used to assess changes in aquatic
ecosystems. Regardless of the varying adequacy of any given
index, most if not all, would be affected by application of
erroneous data containing misidentified species which are
improperly included in account of other similar but perhaps
ecologically distinct individuals. This is particularly true
in the case of misidentification of a pollution sensitive
species as a pollution tolerant variety.

Assessment methodologies which use accounts of the
pollution tolerance of indicator organisms, such as the
Biotic Index and to a greater degree the Saprobic Index, rely
on the accuracy of taxonomic classifications. Numerous
authors have reviewed the use of the indicator organism
concept for different groups of aquatic organisms
(42,47,58,54,). Resh (93) examined the adequacy of the
pollution tolerance designations prepared by EPA (34). 1In
this case, the pollution tolerance designations were assigned

to species of benthic macroinvertebrates at the genus level.
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Resh compared the outcome of assigning ratings to organisms
identified at the genus levgl versus what would occur when
species level identifications were used. As many as 61 of
the 89 genera used in the comparison had received changes in
their designation due to enhancing the 1level of
identification from genus to species. This dramatically
points out the sensitivity of indices based on pollution
tolerance to both the affects of misclassification and
inadequate levels of identification. Disregard for either
can cause a distortion of the true account of water quality.
The search for the most applicable index to assess
perturbation and disruption of the integrity associated with
a healthy ecosystem has, in recent decades, relied upon the
information theory proposed by Margalef (68,69). The
Margalef Index allows for the calculation of diversity based
upon a relationship among the number of species and the
number of individuals present within each species category.
It also allows for the calculation of both theoretical
minimum and maximum diversity, and redundancy. Redundancy is
the relationship of the theoretical maximum to the minimum
diversity. High redundancy indicates dominance by one group
of taxa which shifts the community structure from the

desirable balance between minimum and maximum diversity.
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Wilhm (128) and Dorris (129) have enhanced the
application of Margalef's theories through practical examples
of the application of community diversity in monitoring
pollution ecology. Wilbkr performed comparisons of diversity
indices, species number and numbers of individuals during
different seasons along Skeleton Creek near Enid, Oklahoma.
He found that the diversity per individual measurements
correlate best with the number of species rather than the
number of individuals. As a result, many researchers prefer
the use of Wilhm's community diversity formulation to other
diversity formulas as an index with a lesser sensitivity to
sample size.

Hurlbert (56) critiqued the use of diversity as an
empirical measure of community structure. Quoting work done
by Sanders (95), Hulbert pointed out how two collections can
have identical diversities while having radically different
species richness curves. Emphasizing the importance of
measuring the patterns of a given species' population (i.e.
number of individuals), and species richness over diversity:;
Hurlbert boldly stated "diversity per se does not exist". He
went on to say that the use of correlations of diversity
indices with environmental variables were not to be regarded
as evidence of their utility or appropriateness.

Rarr (61,62) Holcutt (51,52) and others (112) reflect
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the thinking of Hurlbert by proposing the use of more
qualitative methodologies which place more emphasis on the
richness of species composition than diversity. Mathematical
formulations or indices are most effective when used to
evaluate species composition of the appropriate taxocenes
(56). A taxocene is a taxonomic segment of a community or
association. Hurlbert advocates that species composition be
evaluated on appropriate taxocenes. Evaluation of diversity
or species richness calculations need not always be performed
on all fish or benthic macroinvertebrates as a unit.
Community members acting in association or related by common
encounters in the ecosystem can be segregated out for
intraspecific measurement. Examples of this would be
analysis of fish families such as Centrarchidae, or groups
such as omnivores and carnivores. This trend to focus on
groups of associated organisms or taxocenes is seen in the
EPA guidelines on use attainability analysis.

In addition to the mathematical problems associated with
the interpretation of diversity, other factors have been
found to have influence on the diversity index. Hughes (55)
studied the affects of several factors on the outcome of
Shannon's Index. He stated that interpretations and

comparisons made with diversity indices are affected by
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sampling methods, the area sampled, the time of the year, and
the taxonomic level of identification.

Quantitative indices such as the diversity index require
large numbers of samples to serve as estimates of population.
Hellawell (49), determined that at least 10 samples were
required to estimate the mean density of the
macroinvertebrate population at the 95% confidence level. He
showed that the number of individuals required to estimate
density were inversely proportional to the percent error.
Analysis of individual groups, such as Ephemeroptera
(mayflies), requires much larger sample sizes to estimate the
density of the population (604 at one standard deviation for
10% error).

One of the drawbacks of the diversity index is it's
computational difficulties. The advent of personal computers
are expected to assist biologists in calculating many of the
more complex computational indices. Moore (75) recently
published a computer program in the BASIC programing language
which calculates the Shannon Index, Brillouin Index, Simpson
Index, Pielou Eveness, Hiep Eveness, Pisher's Alpha, and
some summary statistic's.

Comparison Indices.
Hellawell (49), in his review of major biological

indices, pointed out that most of the literature recommends
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water quality surveillance by the monitoring of
macroinvertebrates and algae. These are followed by
protozoa, bacteria and fish respectively. Changes in
biological communities can be reflected in either or both the
form of the community and its functions. Changes in form or
structural changes result from the influence of pollution.
These factors create an imbalance in the community and are
reflected in changes in the species composition, biomass, and
diversity. Functional changes are detected in relation to the
energy dynamics of the ecosystem. These can be monitored in
terms of the net production (i.e. photosynthesis) or
consumption (i.e. respiration) rates. Monitoring change in
the context of Hellawell's definition means selecting the
appropriately sensitive index,

Comparison indices are an additional category of
methodologies apart from pollution or diversity indices. In
general, these formula assess change by computing the effect
of species presence or absence between stations. Two
examples of these are the Jaccard Coefficient (57) and the
Sorenson (107) Index of Similarity. The Sorenson Index is
included in the Oklahoma Water Quality Standards as a method
to assess change in the biological community structure,

between stations, before and after a point source begins to



32

discharge to a segment. Unlike the diversity index, the
Sorenson Similarity Index has no clear definition in
enforcement of the present State standards. The Jaccard
Coefficient of Similarity has often been used in multivariate
analysis of community structure(60,106). These applications
are discussed in a subsequent section on multivariate
analysis.

One comparison index, referred to as the Sequential
Comparison Index, was reviewed by Cairns et. al. (17). He
remarked that this method was capable of recognizing impacts
on the biota similar to those ordinarily assessed by changes
in diversity. The index has the property of simplicity
requiring only a crude differentiation between organisms in a
sample. This property makes it particularly useful for use
in studies which utilize data of less taxonomic detail than
that required for calculation of the diversity index.

Archibald (1) used the Sequential Comparison Index (SCI)
along with diversity indices t§ assess relationships of
diatom communities to pollution. He showed that as the
relative density of dominant species declined in the samples,
the SCI improved or increased. He also compared the SCI with
the diversity index. The SCI showed a sensitivity to changes
in diversity with a high positive correlation to Brilloun's

diversity per individual (r=0.90) and a high negative
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correlation to redundancy (r=-0.89) and Simpson Index (r=-

0.92) (120).

Fish and pissolved Oxygen
Introduction.

Several authors have reviewed the effects which
dissolved oxygen (D.0.) has on fish communities as a result
of sewage discharge (29,30,31,33,40,120). Susceptability to
the lethal effects of low dissolved oxygen vary among the
species of warm water fish. During winter months, dissolved
oxygen levels of 1.0 mg/l. or less were found to be fatal for
most species of fish except the Black Bullhead Catfish. The
ability of fish to acclimate to lower D.O. levels, thereby
lowering their susceptibility to 1lethals has been
demonstrated with Bluegill Sunfish, Largemouth Bass and
Channel Catfish. Pish behavior (i.e. avoidance), respiration,
growth and food consumption are also affected by low D.O.
levels (121).

Tsai (121) presents an excellent review of D.0. levels
proposed for the protection of warm water fish. Most
researchers cited by Tsai advocated a D.0. standard of 5.0
mg./l., with a daily minimum of not less than 3.0 mg./l. The
National Technical Advisory Committe of the Federal Water

Pollution Control Administration recommended a standard of
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5.0 mg./l. or better for the protection of a diverse fishery.
The National Academy of Science and others recommended a
floor value of 4.0 mg./l. Regardless of which source of
scientific literature is cited to justify a criteria for
D.0., setting standards eventually becomes the administrative
problem of the regulatory agency. Purely scientific
recommendations must be blended with the other concerns of
the State to arrive at a just and equitable standard within
the context of the law and the intent of a State's
environmental policy. Still there are technical issues to
address and this review will attempt to address some of the
more critical items.

Fish as Indicators of Water Quality.

The use of fish as the focal point of water quality
assessment has not been accepted by researchers who believe
that other communities, such as the benthic invertebrates, or
periphyton, are more suitable in detecting and assessing the
affects of pollution (34,40). Nonetheless, there must be
some degree of diversity available in the ecosystem if
certain fish species are to be present and thrive in
reasonable abundance.

Price (87) reviewed the applicability of fish as

indicators of water quality and concluded that fish are a



35

suitable indicator group. He emphasized that they were
particularly useful in matters of public interest. He also
concluded that other groups (i.e. invertebrates) are more
suitable for detailed assessment. His position on the use of
fish in studies of public concern, such as water quality
standards, is noteworthy.

The present day application of fish in water quality
assessment is divided among two basic categories of interest.
The application of fish as test organisms in bioassay
experiments, both in situ and in vitro, is a growing field.
Cairns et. al. (18-20) and Sprague (108-110) have detailed
the application of fish in research on aquatic toxicology.
Locally, studies like those conducted by Burks (3) for the
Association of Central Oklahoma Governments, are examples of
research designed to assist management agencies in setting
criteria to protect agquatic life from the acute and chronic
exposure to toxic wastes. Application of these developing
technologies can be expected to expand as techniques are
standardized and incorporated in assessment methodologies
like that proposed by EPA for setting site specific
standards.

Karr (61) and Hocutt (52) are modern day proponents of
methodologies which assess the integrity of aquatic

ecosystems using fish as the focal point of the assessment
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methodology. Table 5 presents the classification
methodologies used by Karr. This approach classifies the
fish community into a scale from "very poor®™ to "excellent”
based upon a discription of attributes. Another feature of
this research is the use of qualitative and semiquantitative
levels of measurement. The use atttainability analysis
methods used in the research relied on similar levels of
measurement to draw comparisons between categories of fish
and environmental variables.

The Receiving Stream and ZIones of Pollution.

In the past, the description of impacts from organic
wastes on receiving streams included the classic account of
little or no fish present below the outfall from the sewage
plants. Bartsch and Ingram (7) produced several
illustrations which graphically depict the changes in water
quality and aquatic life which can result in a stream as a
result of discharge of raw domestic waste. Figures 1l and 2
show the changes in D.0. and the resulting effects on a
variety of aquatic life forms found at increasing distances
downstream. These illustrations demonstrate the hypothetical
consequences of excessive discharge of raw wastes. This
relationship between oxygen demanding substances (i.e.

B.0.D.) and the oxygen concentration of a stream has become a
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KARR'S INDEX

VALUE SCALE

QUALITY POINTS: 1 3 5
CATEGORY
Total Species <=6 >6 <=12 >12
Total Individuals <=58 >58 <=106 >106
Darter Species <1 1l >1
Sunfish Species <1 1 >1
Intolerant Species <1 1 >1
Sucker Species <1 1 >l
Omnivores >=56 <56 >=25 <25
Insectivore Cyprinids <=13 >13 <=30 >30
Green Sunfish >10 >2 <=10 <=2
Top Carnivores <1 >=1 <=4 >4
Bybrids >=] - <1
Diseased Fish >=1 - <1

Classification= sum of value scale of quality pionts.

Excellent= 57-60 Pair to Poor= 36-38
Excellent to Good= 53-56 Poor= 28-35

Good= 48-52 Poor to Very Poor= 24-27
Good to Fair= 45-47 Very Poor= <=23

Pair= 39-44

Table 5. The Karr Index. A summary of the fish community
evaluation index proposed by Karr(6l).



CLASS

Excellent

Good

Fair

Poor

Very Poor

No Fish
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Karr's Index
ATTRIBUTES

Comparable to the best situations without
influence of man; all regionally expected species
for the habitat and stream size, including the
most intolerant forms, are present with full array
of age and sex classes; balanced trophic
structure.

Species richness somewhat below expectation
especially due to loss of most intolerent forms;
some species with less than optimal abundances or
s%ze distribution; trophic structure shows signs
of stress.

Signs of additional deterjoration include fewer
intolerant forms, more skewed trophic structure
(e.g. increasing frequency of omnivores); older
age classes of top predators may be rare.

Dominated by omnivores, pollution-tolerant forms;
hybrids common; few top carnivores; growth rates
and condition factors commonly depressed; hybrids
and diseased fish often present.

Few fish present, mostly introduced or very
tolerant forms; hybrids common; disease,
parasites, fin damage, and other anomalies
regular.

Repetitive sampling fails to turn up any fish.

Table 5 (cont.). The Karr Index. General descriptions of
Karr Index classification attributes (61).
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major area of engineering study and mathematical simulation.
These areas are discussed in subsequent sections of this
chapter.

The zones of pollution referred to by Bartsch and Ingram
represent patterns of physical, chemical and biological
transformations which occur along a stream's length. The
"River Continuum Concept®” (123), as it is called, puts forth
the view that a river is a blueprint. That it is marked
along it's length by certain benchmarks or gradients of
change or adjustment. These changes are the stream
communities response to the effects of pollution loadings and
changes in physical characteristics. These blueprints can be
looked upon as overlays consisting of information on
chemical, physical and biological responses to changes in
water quality from upstream to downstream portions of the
stream. .

Unlike the macrobenthos and the periphyton, fish of
necessity and opportunity must move along this "continuum® in
the process of fulfilling life cycle functions such as
spawning, predation or seasonal migration. They can be
thought of as the birds of the "continuum® environment.
Perturbation, while drastically altering the species
composition and community structure of the benthos and

periphyton, does not altogether eliminate these groups from
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occurring at any point within the "continuum®™. Indeed, it
has been pointed out by various researchers (7,124) that
members of these groups actively participate in the self-
purification process of the stream's ecology. Fish, on the
other hand, can be completely eliminated from occurring at a
given point due to excessive oxygen depletion by organic
wastes.

The importance of D.0O. to the life of fish and their
ecological distribution is the essential element influencing
D.0. criteria for fish and wildlife beneficial uses. Camp
(21), quoting Tarzell, remarked that "under actual stream
conditions, a fish must maintain its position against the
current, £ind, pursue and catch its food, avoid its enemies,
and reproduce®., Adequate oxygen supply is essential for all
these processes, Water quality standards designed to protect
fishery resources must have a minimum oxygen level which is
capable of sustaining all life requisites of desirable fish
species,

Pactors Affecting Dissolved Oxygen and Fish pisttibution.

D.0O. in a stream is affected by temperature, pressure,
oxygen demanding chemicals (i.e. B.0O.D., sulfites),
respiration, photosynthesis and natural reaeration phenomena
(124). Winkler (130) summarized the physical effects of

temperature and pressure. Numerous tables have been developed
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to calculate the maximum D.0. level at a standard temperature
and pressure. Percent saturation can be calculated to
represent the ratio of the actual D.0. available at a given
temperature to the expected maximum value. The amount of

difference that exists between these two values is referred

- to as the D.O. deficit.

Temperature, in addition to affecting the D.0O. level,
also affects the physiology of fish.. The resulting tolerance
and intolerance to low D.0O. levels can also affect the
toxicity of other materials as well (19). The synergistic
effects of low D.0O. levels, increased respiration, high
temperature, and exposure to toxic materials remains to be
included in factors which influence the determination of
minimum D.O. criteria. Presently, most reviews (11,12) of
the D.O. criteria applied in water quality standards address
the concept of limitation of ecological distribution without
regard to the synergistic effects referred to above.

Ultsch et. al. (122) studied the critical oxygen tension
requirements of darters (Etheostoma). This genus of fish is
noted for possessing a limited ecological distribution (74).
They are more characteristically associated with moderate to
high gradient streams, cooler water temperature and higher
dissolved oxygen levels., Winter and summer ambient oxygen

levels observed by Ultsch were as low as 5.0 mg./1. and 3.3
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mg./l. respectively. They showed that members of this group
could lower their critical oxygen tension to compensate for
the lower ambient D.O. levels. Darters survived periods of
stress by lowering their metabolic rates, remaining inactive
near the bottom of the streams, under rocks or in crevices,
and lowering the critical oxygen tension required to sustain
life.

Age can be an influence on the distribution and
occurrence of fish., Matthews and Hill (70) studied age
specific differences in the distribution of Notropis
lutrensis. They conclude that adults tended to occupy deeper
waters with more shelter, while juveniles often selected
areas of higher temperature and D.O..

The importance of habitat as a co-related variable with
distribution, diversity and dissolved oxygen is further
illustrated by work done by Gormn and Karr (44). BHabitat
serves to provide shelter which influences the pattern of
fish distribution and community structure (i.e. diversity).
The functional value of habitat arises from its ability to
provide each variety of aquatic life shelter from stress.
Bence, a stream with an abundant and diverse supply of
habitats is functionally more capable of supporting a

productive fishery characterized by numerous desirable
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species. These researchers went on to point out, that in
streams where habitat has been modified by channelization,
the affects of seasonal and man induced changes in water
quality adversely affected the stability of the fish
community.

Tsai (120) performed comparative studies on fish species
diversity and water quality at points above and below sewage
treatment plants. He was attempting to establish criteria
for the protection of fish communities in sewage polluted
streams. In addition to showing adverse effects of effluents
on fish communities, he also demonstrated the effects which
the type of discharge outfall structure had on fish diversity
and water qualitf. Be concluded that less complicated
outfalls, located along stream banks, were more effective at
protecting fish populations. The more sophisticated multiple
outlet designs, which mixed the effluents more rapidly with
the receiving stream tended to produce concentrated zones or
barriers of sewage across the stream. This factor adversely
affected the fish migration, and caused a net depletion of
the fishery resource as measured by diversity and species
composition.

The ability to relate the effects of environmental
variables with observed changes in the biological community

is the focus of use attainability analysis. Methodologies
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which assess the relative health status of a biological
community can serve to assist researchers in determining the
degree of impact of limiting factors such as D.O. Relating
all the potential influences from compounding and competing
sources of stress into one coherent assessment is a difficult
task. Many researchers have attempted to achieve this goal
by integrating many of the factors discussed so far with the
use of multivariate statistics, a topic discussed in a
subsequent section.

Mathematical Relationships Governing Dissolved Oxygen
Concentrations in Streams.

The process of deoxygenation and reaeration of
receiving streams has become a major area of engineering
study. Streeter and Phelps (116,117) studied these phenomena
in streams and proceeded to unify these contrasting
properties into what has been referred to as the "dissolved
oxygen sag curve®, These relationships were summarized by

Canter (22) as follows:

= -K;t -K,t -K,t
Dt-(KlLa/KZ-Kl)(IO 1" - 10 "2 )+Da10 2

where: D¢ =dissolved oxygen deficit at any flow time t
expressed in days (saturation D.O. concentration -
actual dissolved oxygen concentration).

k1 =coeficient of deoxygenation, day-l.
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k2 =coefficient of reaeration, day-1.

Ly =ultimate B.0.D. in the stream after mixing.

pa =dissolved oxygen deficit upstream of the waste

discharge (mg./1l.)

k1, k2, Da and Dt are influenced by temperature.

Solving even the basic Streeter-Phelps equation

requires extensive field and laboratory work to determine
levels of D.0O., B.0.D., time of travel and rate constants.
McBride (72) offerred the use of nomographs as rapid
solutions to the Streeter-Phelps relationship. This
technique lacks the sophistication of traditional methods,
yet it does have potential for use in qualitative studies
such as UAA. In this approach, a limited number of field or
laboratory measurements could be related to rate constants by
nomographic methods. These could then serve as variables to
assess the streams' limitations for sustaining fish and
wildlife beneficial uses at desired levels of D.O.

In the years since the development of the B.O.D. removal
and oxygen sag relationships, numerous other phenomena
affecting D.O. relationships have been researched and
modeled. Velz (124) discussed the concept of D.O. balance as
an accounting system, In this system each stream has
components of debt (i.e. oxygen demanding factors) and credit

(i.e. oxygen producing factors). These components or debits
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and credits are accounted for in the combined oxygen balance

equation summarized by in Rau and Wooten (92):

where

dDoOo/dt=-K1CLC-KlnLn-B-R+p+K2(DQOos'DoOo )

Lc =ultimate carbonaceous B.O.D.

Ln =ultimate nitrogenous B.O.D.

kKic =rate constant for utilization of carbonaceous
B.0.D.

Klc =rate constant for utilization of nitrogenous
B.0.D.

B= sink resulting from aerobic decompostion of
benthic materials.

R= respiration oxygen demand exerted by algae

and other aguatic plants.

P= oxygen concentration by photosynthetic activity
of algae and other aquatic plants during daylight

hours.

D.O.g =gsaturation dissolved oxygen.

Numerous authors have reviewed the basic relationships

of carbonaceous demands (117,124), reaeration (77,78)

nitrogenous demands (113), photosynthesis and respiration

(53) and sediment oxygen demands (13,14). PFurther discussion

of these relationships is outside the scope of this research,

Nevertheless, all these factors (carbonaceous B.0.D.,
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nitrogenous B.0.D., benthic and sediment oxygen demand,
immediate oxygen demands, the dissolved oxygen deficit and
reaeration) influence the level of D.O. which a given stream
segment can support. The wasteload allotment assigned to a
given effluent therefore accounts for the major source of man
induced perturbation affecting the attainment of aquatic

uses.

Multivariate Analysis
in Assessment of Hydrobiocenosis
Introduction.

Cluster analysis is a form of multivariate analysis
which is intended to sort out data into groups (96). These
groups can be thought of as having similarity within
themselves and dissimilarity between or among themselves and
members of other groups or clusters. The interest in cluster
analysis as a methodology for processing, organizing and
summarizing data has produced a large array of methodologies.
Blashfield and Aldenderfer (9) reviewed the status of cluster
analysis and referred to its modern day applications as "an
explosion of interest®. This interest stems from the power
of these techniques, which assist researchers in outlining
patterns of association or dissimilarity among data when no

predefined or a priori relationships are assumed.
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There are two basic types of clustering procedures.
Hierarchial methods organize clusters within groups of other
clusters. These methods can be adapted to procedures which
graphically illustrate the similar groups or clusters within
a given hierarchial classification scheme. Such procedures
are referred to as dendrograms, phenograms, or hierarchial
tree diagrams. The second major category consists of
partitioning the classification based upon some predetermined
judgement and then producing clusters which improve these
distinctions until the resulting members of a cluster
represent the best group of homogeneous members. This review
deals with the application of hierachial classification of
ecologically related groups of data.

Cluster Analysis.

As cluster analysis methodologies became more popular,
and computers more accessable to researchers, various
statistical packages were developed, computerized and applied
in analysis of biological and environmental data. Sokal and
Sneath (106) are credited for advancing both the
understanding of statistical techniques used by various
clustering methodologies, and promoting the use of rapid
computerized solutions to many of the various methods. The

NT-SYS computer programs were developed by Rohlf et. al.
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(94). 1Included among its ~lustering algorithms were various
subroutines, such as calculation of the Jaccard Coefficient
of similarity, which allow for rapid data matrix
transformations. These and other features of the NT-SYS
software package allow researchers in taxonomy, ecology and
biology to perform cluster analysis as a rapid means of
classifying information.

Kaesler and Cairns (60) studied data from limnological
surveys performed along the Potomac River using NT-SYS
clustering methodologies. They chose the Jaccard Coefficient
in generating the data matrix on species presence or absence
because it uses binary data (i.e. species presence or
absence) and because it leaves out the influences of negative
matches. Negative matches in comparison indices are
significant when the sampling techniques are the same at all
locations. That is to say that, the absence of a species
cannot be accounted for by any reason associated with the
design of the study, the sampling procedures or other
variables inherent to the techniques used. Therefore, the
presence of a species is considered a better standard of
comparison (i.e. similarity) than absence for the reason
stated above.

Kaesler and Cairns produced dendrograms using Q-mode

cluster analysis of fish, aquatic insects and algae. The
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clustering method used was the unweighted pair-group method
(UPGMA). UPGMA is discussed by $oka1 and Sneath (106) and
was developed for computerization by Rohlf (94) in the NT-SYS
software package. Analysis of the correlation of similarity
coefficients computed between groups indicated that aquatic
insects and algae correlated better with the various groups
of organisms than fish, protozoa and "other"™ invertebrate
species. This led to the recommendaion that only aquatic
invertebrate and diatom species be used in monitoring and
assessment saving some of the cost for analysis for other
components.

Gammon et. al. (4l1l) studied the fish community of the
Wabash River using cluster analysis and concluded that it was
a "powerful technigque for identifying similar fish
communities and species associations®. Bruno and Lowe (16)
used cluster analysis to define four distinct ‘assemblages or
clusters of diatom species. They went on to relate the
differences in the distribution of these clusters to
environmental factors, such as calcium, pH, and nutrients
using regression analysis.

Cluster analysis can be utilized as the first step in
the process of associating groups of variables or species

with other categories of data. 1In addition to the use of
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similarity coefficients, other matrices such as correlation
coefficients can be used to develop clusters. Many
researchers have coupled the results of cluster analysis with
other multivariate methodologies such as principal component
and factor analysis (10), discriminant analysis (46,76,115),
and canonical correlation (73). The ult;mate goal of such
assessments is to decipher the ecological relationship
between meaningful sets of variables. The use of cluster
analysis in this research will follow the principal of
assisting in sorting out groups of related species and
habitat variables for use in subsequent multivariate
analysis.

Principal Component and Pactor Analysis.

Principal component analysis (PCA) is a multivariate
data analysis technique which is used to exhaust patterns of
linear relationship among variables (111). It can be looked
upon as a method of data exploration which helps to determine
which variable, or combination of variables, account for most
of the variation in the overall set of measurements. Like
cluster analysis, PCA and its corollary factor analysis (FA),
are available in numerous computer software statistical
packages. NT-SYS (94), SAS (96), and SPSS (111) are three of
the more commonly use packages.

PCA and FA have been used in the analysis of
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environmental variables for numerous purposes. Sherwani and
Moreau (99) put together a summary of strategic guidelines
for water quality monitoring programs. Their work discusses
the application of PCA and PA in the analysis of water
quality data (e.g. flow, temperature, BOD, coliforms, etc.).
They proposed, and illustrated, the use of these techniques
to select from among a group of water quality monitoring
parameters only those which accounted for most of the
variability in the characteristics of stream water quality.
PCA and FA extract sets of factors which contain the
variables of the study. These sets are referred to as
factors or components. Within each factor are the loadings or
correlations of the components (i.e. variables) on the
factor. Each factor is orthogonal (uncorrelated) to the
next, The first principal component represents the best
linear combination of variables which accounts for the
largest variance in the correlation matrix. The second
principal component is independent from the first (i.e.
uncorrelated) and it represents the next best fit of linear
relationships accounting for the next highest degree of
variation. This process is repeated until as many principal
components have been extracted as there are variables in the

data set.
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FA uses a similar iteration to PCA. 1In addition to
performing these steps on the straight forward linear
relationship between variables, FA rotates the correlation
matrix to produce a terminal solution which often improves
the relevance of a given components loading on the factor.
SPSS (1l11) presents an excellent review of rotational
methodologies in FA.

Statistically, only those factors which account for the
variation of at least one variable are considered reliable in
interpretation of component loadings of PCA or FA solutions.
This is interﬁreted by a statistics referred to as the
eigenvalue. The eigenvalue is the measure of the relative
importance of a principal component or factor. The ratio of
a given component's eigenvalue to the sum of eigenvalues for
all the factors (a function of the number of variables) is
the percent of variance accounted for by that factor.
Individual loads <0.50 are not considered to be significant
in accounting for a given factor's proportional variance.

In the work referenced by Sherwani and Moreau (99),
twenty water quality parameters were analyzed by both PCA and
FA. Ten principal component factors were produced accounting
for 95 percent of the variance. Only the first five
accounted for the variation of at least one variable (i.e.

eigenvalue >=1,0), corresponding to 79 percent of the
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variance. They then rotated the matrix in factor analysis
using the VARIMAX method to determine if better linear
combinations of variables might exist. These rotated factors
are considered statistically more realistic than the straight
forward (empirical) factors extracted by PCA. The results
provided a method to examine the importance of a given
parameter's loading in monitoring network designs. Clusters
of collinear parameters such as orthophosphate and total
phosphate were identified. The network was then recommeded
which contained only the relevant and non-redundant
parameters which had significant loading in PCA and FA. This
process produced a network which saved money by reducing the
dataset required to monitor the environment.

They also used PCA and FA to evaluate the data from
trend monitoring stations along the same stream. This
analysis helped determine which stations were not adding
additional information on dissolved oxygen levels. Stations
which depicted similar information were recommened for
deletion from the monitoring network, thereby producing the
most cost effective design.

Boesch (10) classified the community structure of
benthic invertebrates using cluster analysis and PCA. 1In

this research, PCA was used to optimize the classification of
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28 species from four clusters which were judged to be
questionable groupings. Meeter and Livingston (73) used PCA
and FA to explain the proportion of variance accounted for by
numerous physical and chemical variables. They wanted to
reduce the number of variables considered in the research to
those which had the most influence on estuarine water
guality. Four factors were extracted, each with specific
component loadings or correlations. One factor was highly
influenced by river flow, another by tidal action. The
components with the highest loadings often have other
variables associated with them. 1In this case, the factor
affected by river flow was directly associated with color and
turbidity.

Meeter and Livingston also explain the use of canonical
correlation between groups or clusters of fish species and
physiochemical variables. Segregation of variables into
groups of association by cluster analysis, PCA and FA, and
then performing canonical correlation on sets of biological
versus physicochemical variables (i.e. dependent versus
independent variables), is a further means of strengthening
the conclusions of association. These associations among
variables are judged by the canonical variate score.
Matching the inference gained by the loadings on the factors

generated in PCA and FA with associations gained in cluster
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analysis and canonical correlation helps enhance the
conclusions reached concerning the influence of the variables
on environmental quality.

Several studies have been performed in Oklahoma using
PCA and FA to elucidate associations among variables related
to fish community structure. Stevenson, Schnell and Black
(114) used FA to study the distribution patterns of western
and central Oklahoma fishes. The presence or absence of 53
species of fish and 13 environmental variables were grouped
into six factors after oblique rotation of the principal
axes., Environmental components influencing the distribution
of groups of fishes were discussed and predictions made
reqarding how the environmental components (e.g. salinity)
might influence patterns of fish distribution if
concentrations of limiting substances increase.

Echelle and Schnell (32) studied the associations of 48
fish species in the Kiamichi River drainage in south eastern
Oklahoma. FA was used to describe components which influence
the distribution of groups of fish. The grouping of fish
species was determined by the loadings or correlations of the
components in each factor. A review of the grouping of
species with their distributions in the basin showed that

some groups were segregated based on location in the drainage
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basin. One group was found in the upper portion of the basin
and another was primarily restcicted to the main stream lower
portions of the river basin.

Felley and Hill (38,39) used PCA and FA to assess
environmental preferences of 10 species of cyprinid fishes of
the Illinois River in eastern Oklahoma. Seasonal variation
in the preferences for types of food, slow versus fast water
habitat, and upstream and downstream locations were assessed.
This methodology allowed them to demonstrate which components
influenced preferences for habitat and other variables.

Appropriate interpretation of the components of PCA and
FA is critical to the solution of these multivariate
methodologies. Diaz (28) wrote that two basic phenomena
influenced the quality of results obtained in PCA and FA.
Pirst, inherent in the data base is the question of
linearity. This problem was reviewed by Austin (4).
Linearity in a bivariate sense is straightforward, but
linearity in a multivariate approach may include the
associations of both linear and curvilinear relationships
among sets of variables. Second, interpretation of high
loadings or correlations of a given component in a factor as
the cause of effects on dependent variables (i.e. flow
affecting fish species abundance) should be approached with

caution. If the association between one component and
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another is clearcut and direct (such as the case with low
D.O. and fish distribution), and the influences of other
competing components (i.e. predation, disease, acute
toxicity) are ruled out, then such direct predictions of
cause and effect are more readily substantiated and the value

of multivariate analysis is optimized.



CHAPTER III
METHODOLOGY AND
ARALYSIS OF USE ATTAIRABILITY DATA

Introduction.

The framework for Use Attainability Analysis (UAA) was
developed to a large extent by EPA. EPA organized a water
body assessment guidance work group during 1981 to help
develop a program which would assist state agencies and EPA
in supporting changes in water quality standards. 1In
October, 1982, EPA issued the Water Quality Stapdards
Bapdbook (35). This draft publication set forth guidelines
on setting "site speéific standards®, UAA is one segment of
the overall process which addresses the need for setting site
specific standards in the standard's revision protocol.
Table 6 outlines the steps which could be applied in any
given State's revision protocol depending upon the specific
nature of the proposed revisions and the need for site

specific criteria.
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PROTOCOL FOR WATER QUALITY STANDARD
REVIEW AND REVISION ‘

1. List water bodies with water quality limiting problems.

2, Prioritize water quality limiting segments and select
those in greatest need for immediate assessment.

3. Assess existing data bases and organize site specific
surveys. These should be focused surveys designed to
establish and/or enhance data bases and determine why
specific uses may be precluded.

4. Review causes impairing designated uses, Identify
categories of limitation (i.e. natural vs. man induced).

Determine the potential for mitigation by engineering
intervention.

5. Assess the degree of relief dischargers may obtain by
changing beneficial use designation. Determine the
ability to reach the desired use if the discharge
quality is upgraded by performing necessary wasteload
allocation studies and related cost benefit assessment.

6. Determine suitability of existing beneficial uses for
meeting the desired level of environmental quality.

7. If existing uses cannot be met, propose appropriate use
designations and associated levels of quality criteria.

8. Conduct public hearings.

9. Revise use designations, adopt new quality criteria for
the segment based upon scientifically justifiable
assessments, the results of wasteload allocations and
cost benefit assessment.

10. Follow through on the recommendations of wasteload
allocations, set revised discharge limitations, issue
new permits, and follow up with necessary monitoring and
enforcement to assure designated uses are met.

Table 6. Protocol for The Water Quality Standards Review and
Revision Process(35).
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Oklahoma's Use Attainability Program.
Introduction.

The UAA portion of the standards revision process is
only one part of the overall guidelines proposed by EPA. The
type of UAA used in Oklahoma during the 1982 standards
revision was an adaptation of the EPA guidlines with various
input from regional EPA, state agency and local water quality
specialists. The components of their recommendations were
structured into a sampling program by OWRB staff. The
framework of sampling, data collection and field data sheets
were presented by OWRB at the Sixth Annual Meeting of the
Oklahoma Water Pollution Control Association (8) and are
provided for review in Appendix A.

Table 7 contains EPA's recommendations on the typical
physical, chemical and biological components necessary to
evaluate use attainability for aquatic uses (i.e. fish and
wildlife propagation). These recommended components and
factors discussed in the EPA guidelines were tailored into a
proposal for site specific surveys on various priority stream
segments found in Oklahoma. Table 8 lists these priority
stream segments and Figure 3 shows the statewide location of
the sampling location for these sites.

Sampling took place at three locations along each

stream. These locations were determined by the team



SUMMARY OF TYPICAL USE ATTAINABILITY

PHYSICAL PACTORS
-stream size
-flow & velocity
~total volume
~reaeration rates
-gtream gradient
-pools/riffles
‘-temperature
~suspended solids
-sedimentation
-channelization
-substrate
-channel debris
-sludge deposits
-riparian habitat

Table 7.

64

CHEMICAL FACTORS

~dissolved oxygen
~toxicants

-nutrients as
nitrogen &
phosphorus
-S.0.D.

-B.0.D.

-salinity

~hardness
-alkalinity

-pH

-dissolved solids

Aquatic Use Assessment Program(35).

ANALYSIS PROGRAM

BIOLOGICAL FACTORS
-fish

-macrobenthos
-microinvertebrates
-phytoplankton
-macrophytes
-diversity indices
-habitat suitability
~tissue analysis
-recovery index
-pollution tolerance
-omnivore/carnivore
-biotic potential

-reference reach
comparison

EPA Recommendations of the Typical Components of a
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LIST OF SITES CHOSEN FOR OKLAHOMA'S

1982 USE ATTAINABILITY SURVEYS

STREAM OR RIVER

Pryor Creek

(PRC)

Big Cabin Creek
(BCC)

Coal Creek

(COL)

Dog Creek

(DOG)

Elk Creek

(ELK)

Rush Creek

(RSC)

Wildhourse Creek
(WHC)

Muddy Boggy Creek
(MBC)

South Canadian River
(SCR)

North Canadian River
(NCR)

Wewoka Creek
(WEC)

Little Deep Fork
(LDF) \
Skeleton Creek
(SKC)

Stillwater Creek
(STW)

Chisholm Creek
(CHC)

North Canadian River
(NCW)

LOCATION

Pryor
Vinita
Henryetta
Claremore
Elk City
Pauls Valley
Marlow
Atoka
Norman
Oklahoma City
Seminole
Bristow
Enid
Stillwater
Oklahoma City

Woodward

FISH AND WILDLIFE

UPSTREAM IMPACT RECOVERY

w W W W ™M W B 0w N W W oy W N Y

DESIGNATION

P

W W YW oW ;T 1 v »n o wWwow W W o nn W

¥ N Y N

v W v N W W0 Y W0 N

Table 8. List of Priority Stream Segments Sampled as Part of
Oklahoma's 1982 Use Attainability Assessment Program.
Station codes are listed in parentheses. P=primary
S=secondary warm water fishery.



Figure 3.

Map of Oklahoma Showing the Location of Streams Sampled as Part of the UAA Program.
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biologists and OWRB staff and included an upstream, impact,
and recovery zone station on each stream. Additional
information on site selection is discussed in the OWRB
document provided in Appendix A. The following sections
refer to these zones as upstream or zone 1, impact or zone 2
and recovery or zone 3. These codes, denoting the sampling
zones, and the triplex station codes are shown in Table 8 are
referred to throughout this dissertation in tables, figures
and discussion. Selection of the streams was based upon OWRB
staff, OSDH construction grants program priorities, regional
water gquality management agency recommendations (i.e. ACOG),
and input from the public and the concern of environmental
interest groups.
Evaluation of Physical Parameters.

Evaluation of physical conditions consisted of three
major categories of physical parameters. These included:

l. Channel and Instream Measurements.

- mean stream depth (ft).

width (ft.).

velocity(ft./sec.).
flow (ft.3/sec.).

width to depth ratio (discrete).

- temperature (oC.).
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2. The presence or absence of instream cover

or fish habitats.

—-pools. -tree stumps.
-riffles. -brush piles.
—-backwater. -flat runs.
-undercut banks. -rocky areas.

-deep channel. -large pool or oxbow.
-submerged logs. -emergent vegetation.

3. The presence, absence and percentage of
substrate compostion.

-organic debris and detritus.

-clay.

-silt.

-sand.

=-gravel.

-large rocks.

-mud and sludge.

-bedrock.
Appendix A contains examples of field data sheets. Members
of the sampling team completed each portion for the above
variables prior to leaving the site.
Evaluation of Riparian Characteristics and Potential Nonpoint
Source Impacts.

Development of evaluation criteria for these
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characteristics was done by OWRB staff using guidelines
provided in the EPA handbook (35) and specifically, a system
of classification developed by the Wisconsin Department of
Natural Resources (5). Riparian and nonpoint source
characteristics were evaluated by the sampling team as
percentage estimates of the following categories:

Bankside characteristics.

-proportion of cover composed of rock, grass,
shrubs, and trees.

~proportion of bankside composed of sand or
mud.

~proportion of bankside with vegetation.

~bank stability as a percentage of slope as
flat, moderate, steep, or vertical.

-erosion potential as percent evident, 1likely
or unlikely.

-percentage of immediate area land uses as
urban agricultural, pasture, cropland, and
forest 1like.

Evaluation of Community Structure of Fish and Benthic
Macroinvertebrates.
The fish and benthic community structure was sampled as

described in the OWRB "One Day Site Specific Survey"
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publication provided in Appendix A. Taxons of fish and
benthic organisms were enumerated as present or absent and
assigned relative abundance designations. This researcher
was responsibile for the collection, identification and
relative abundance designations for all {ish samples and some
of the benthic samples as well. Components of these data
bases are discussed further in subsequent sections on each
dataset.

Instream Water Quality.

Water quality parameters analysed in the field at each
sampling location consisted of dissolved oxygen, temperature,
conductivity and pH.

Point Source Data.

Although not a part of the OWRB study, data for the
purpose of evaluating effluent quality and it's relationship
to the UAA database was collected by this resarcher. This
information was obtain from the Oklahoma State Department of
Health (OSDH) compliance monitoring, and individual sewage
treatment plant NPDES monthly operational reports. This
data, extracted from OSDE files for the periods during which
the OWRB UAA study was conducted (i.e. August thru October
1982), is discussed in a subsequent section.

OWRB Assessment of Oklahoma's Use Attainability Data.

The principal method of data assessment for the
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aforementioned parameters consisted of utilization of a
ranking methodology. This Methodology is outlined in the
report produced by OWRB provided in Appendix A. This method
utilized the professional judgement of two committees of
professionals. One consisting of three prominent biologists
from state and federal agencies, and a university professor.
Another utilized the expertise of the three OWRB staff
members who comprised the sampling team. The two biologists
who participated in the surveys (which included this
researcher) assisted in a advisory capacity only. The
results of the OWRB staff evaluations were not utilized for
the purpose of the analysis performed as a part of this
research. This choice was made due to the considerably
greater amount of field experience and academic expertise of
the committee members from academia and government.

The evaluation committee ranked the stream for quality
based fish, benthic, habitat and water quality information
obtained during the UAA sampling program. Tables 3 and 4 in
the OWRB report provided in Appendix A 1list the ranks
assigned by the evaluation committees and final benefical use
designations respectively. These benefical use designations
as primary and secondary warm water fisheries, were

incorporated into the 1982 Oklahoma Water Quality Standards.
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OWRB'S administrative decisions to assign specific beneficial
use designations were based upon the combination of the ranks
provided by the committees and social and economic
considerations such as those mentioned in the report provided
in Appendix A. It is important to note that these decisions
did not, in every case, result in designations consistent-
with those of the ranking committees. The reasons for the
differences in the committee determinations and the final
beneficial use designations are to some extent explained in
the report provide in Appendix A. However, some of the
discrepancies between committee ranks and use designations do
not appear to be explained in the report and are presumably

the result of other factors considered by OWRB.

Analysis of Data.

Introduction.

The analysis of data collected as part of the Oklahoma
UAA study consisted of two major categories of work. The
first consisted of transferring the raw data from field data
sheets into computer datasets. These datasets were comprised
of matricies of 48 records corresponding to three stations
for each of the 16 streams sampled and 'n' number of
variables for each of the following categories (hereafter

referred to as SAS datasets):
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Category SAS Data Set Name
Hydrologic variables Diskfile.Bydro
Water Quality Variables Diskfile.Water
Point Source Variables Diskfile.Psource

Riparian & Nonpoint Source variables Diskfile.NPS

Substrate Variables Diskfile.Substrat
Habitat Variables Diskfile.Babitat
Fish variables Diskfile.Rawfish
Invertebrate Variables Diskfile.Insects

All data was entered and verified onto computer disk for
storage on the Data General M600 computer at the University
of Oklahoma Health Sciences Center, Research and Education
System, using an interactive data entry system (IDES). Data
management and statistical analysis was performed using SAS
operating in 0S batch through the University of Oklahoma,
Merrick Computer Center. Copies of the SAS datasets
containing format information, explanatory comment statements
and raw data are provided in Appendix B.

Hydrologic variables.

Assessment of stream characteristics for hydrologic and
morphometric data consisted of instream measurement of stream
width, depth and velocity. Calculations were then made to

determine flow and width to depth ratio. Table 9 gives the
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Variable N Mean Median STD Min., Max. Skew. Kurt.
Flow 41 14.9 5.0 33.6 0.1 150 3.32 10,23
(cfs.) 38 5.8 3.8 6.3 0.1 25 1.60 2.62
Velocity 41 0.5 0.4 0.4 0.1 1.8 1.05 0.82
(ft./sec.) 38 0.4 0.4 0.3 0.1 1.2 0.54 -1.10
width 41 25.7 23.0 15.3 6.0 70 1.05 0.72
(£t.) 38 23.4 21.0 12,7 6.0 60 0.97 0.72
Depth 41 1.5 1.2 1.2 0.2 6.0 1.56 3.54
(ft.) 38 1.5 1.1 1.2 0.2 6.0 1.58 3.31
Width/Depth 41 24.5 18,0 17.3 3.0 83 1.62 2,61
Ratio 38 23.7 17.5 17.3 3.0 83 1,78 3.25

Table 9. Summary Statistics for Hydrologic Variables.
Included are the number of observations(N), mean, median,
standard deviation(sSTD), minimum, maximum, skewness(Skew.),
and kurtosis(Kurt.). N=38 does not include NCR-OkC stations.
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summary statistics for these variables. Seven of the
stations were not sampled because of either a lack of flow or
difficultly with access.

The North Canadian River below Oklahoma City represented
an example of a set of values whose flow was not in the range
of the other stations. The flow for the North Canadian River
was 110-150 cfs with a velocity of 1.8 ft/sec., while the
flow for the rest of the dataset only ranged as high as 25
cfs with velocities less than 1.2 ft./sec. Table 9 presents
the summary statistics for hydrologic variables with and
without the NCR-OKC data. 1In the case of flow and velocity,
removal of these data points improved the values for mean,
standard deviation, skewness and kurtosis markedly.

Figure 4 shows the distribution of flow by categories
of flow magnitude (excluding the NCR-OKC). Twenty seven
percent of the stations had a flow <1.0 cfs, and 53% had
flows <5.0 cfs. No upstream stations had flows greater than
10 cfs. Stream depth is illustrated in Pigure 5. Two-thirds
of the streams had a depth of less than 1.5 ft. Figure 6
shows the width to depth ratio distribution which tended to
be clustered in the range of 10 to 40 £t. (69%).

Water Quality Variables.
Measurement of water quality consisted of only a limited

number of measurements. This was primarily due to the lack
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of funds and the time required to perform a more detailed
water quality assessment. The value of increasing the
repertoire of physical and chemical measurements in future
UAA programs is discussed in the following chapter. Table 10
gives the summary statistics for those water quality
parameters sampled as part of this UAA sampling program,

The water gquality measurements focused on the
relationship of dissolved oxygen in these streams. Pigure 7
shows a plot of the direct relationship (inversely
proportional) which exists between D.0O. levels and the D.O.
deficit (r=-0.96). A similar relationship exists between
D.0O. and percent saturation (r=0.97). Figure 8 shows the
relationship between the level of D.0. and ranges of D.O.
deficit from supersaturated water (negative values) to poorly
saturated waters (values >3.0). Those streams which had D.O.
deficits >3.0 mg./l. could be expected to have D.0. levels at
or below the 5.0 mg./l. standard for primary warm water
fisheries. The frequency distribution of sampling stations
over these categories of D.O. deficit is illustrated in the
block chart presented in Figure 9.

Temperature and conductivity had wide ranges in the data
set as a whole. Temperature averaged 3.00C. less in upstream

sampling stations (200C.,). Impact and recovery zone stations
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Variable N Mean Median STD Min. Max. Skew. Kurt.
Temperature 43 21.8 21.9 5.4 9.9 32.5 -0.25 -0.24
(oC.)

pH 39 - - - 6.0 8.1 - -

Dissolved Oxygen 43 7.9 7.6 3,5 2.1 18.0 0.68 0.36
(mg./1.)

Conductivity 40 1186 1169 636 277 3040 0.75 0.56
(micromhos)
Saturation D.O. 43 8.8 8.7 1.0 7.2 11.3 0.74 0.32

Level (mg./l.)

Percent Saturation 43 91 80 44 23 225 0.98 1.06
D.O. (mg./lc)

(mg./1.)

Table 10. Summary Statistics for Water Quality Variables.
Included are the number of observations (N), mean, median,
standard deviation (STD), minimun, maximum, skewness (Skew.)
and kurtosis (Kurt.).
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DISSOLVED OXYGEN AND D.O. DEFICIT
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averaged 230C. Conductivity averaged 1019, 1247 and 1285
micromhos respectively for upstream, impact and recovery zone
stations.

Point Source Variables.

As mentioned previously, data on the effluent quantity
and quality, for facilities which discharge municipal waste
into the streams studied in the UAA sampling program, were
obtained from OSDH compliance monitoring records and NPDES
monitoring reports., Table 11 summarizes the list of
parameters and summary statistics for the point source data
base. The data presented was, for the most part, obtained as
an attempt to categorize the levels of wasteloading which
were occuring in the various streams sampled as part of the
UAA program. This information should not be considered as
reliable as it could have been if it were collected in
concert with the overall UAA program. The utility of
integrating a wasteload sampling program into the UAA program
for future work of this kind is discussed in the following
chapter. Nevertheless, this data does serve as additional
information to help assess the factors influencing the
attainment of aquatic uses in Oklahoma streams.

Several calculations were performed on the data to
estimate the approximate levels of organic demanding

substance (i.e ultimate B.0.D, ultimate oxygen demand,



Variable

Effluent Flow 14
(cfs.)

Stream Flow 15
(cfs.)

Stream/Effluent 14
Flow Ratio

Average August 11
Water Temp. (oC.)
Effluent D.O. 11
(mg./1.)

Effluent Percent 10
Saturation

B.0.D. (Five Day) 14
(mg./1.)

Ultimate Carbon- 14
aceous B.0.D. (est.)
U.C.B.0.D., Load 14
(1bs/day est.)

Ammonia Nitrogen 13
(mg./1.)

Ultimate Oxygen 13

Demand (est.)
Total Carbonaceous 13

Nitrogenous Demand (est.

TKN 13
(mg./1.)

Nitrate Nitrogen 11
(mg./1.)

Total Phospnorus 12
(mg./1.)

Total Suspended 14
Solids (mg./l.)

Total Suspended 14

Solids Load(1lbs/day)
Alkalinity 9
(mg./1.)

Chloride 7
(mg./1l.)
c.o.D.
(mg./1.)
T.o‘ CQ
(mg./1.)

Table 11.

12
11
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N Mean Median STD Min.

2.2 2.6 0.6

3.2
6.1 5.6 5.1 0.4
2.4 1.3 1.8 0.8
24.9 26.0 2.8 20
4.5 3.4 3.1 1.1
40 30 26 13
24.4 24.3 14 1.3
35.8 35.8 21 2.0
902 404 1053 76
7.3 6.3 - 0.1
70 71 39 2.6
2083 664 2639 101
il.S 13.2 6.5 1.6
4.0 2.9 3.7 0.5
5.4 4.7 2.1 2.7
30.2 13.0 21 3.3
861 1006 491 63
218 226 44 157
123 83 81 40
74 5 31 23
17.3 12.4 13 7.4

Max.
8.8
15
5.9
28
11.9
79
50.7
74.6
3009
17.3
143
7429
22.5
11.1
9.5
77.5
3645
300
242
123
48.5

Skew.

0.97
0.41
0.92

-0.59
1.36
0.74
0.31
0.31
1.47
0.98
0.07
1.28

-0.16

0.61
0.73
1.09
1.88
0.52
0.47

-0.17
1.74

Summary Statistics for Point Source Variables.

Kurt.
0.07
-1.35
-0.62
-0.91
2.16
-1,33
-0.54
-0.53
0.62
-1.62
-0.14
0.17
-0.93
-0.77
-0.37
1.09
3.86
0.10
-1.89
-0.85
2.54
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combined ultimate carbonaceous and nitrogenous B.0.D.) and
their respective loadings from each facility. These
estimates were performed according to methods presented by
Pavoni (86) for use in water quality management planning.

As was the case with hydrologic variables, the North
Canadian River below Oklahoma City represented values for
wasteloading far beyond the range of the other streams and as
such it was deleted from the summary statistics provided in
Table 1l. PFigure 10 shows a plot of the pattern of effluent
flow versus the log base 10 of the organic loading. The
North Canadian River in Oklahoma City is included in the plot
and has the highest loading value as a function of it's high
effluent volume (>40 cfs.). Pigure 11 shows the proportion
of stream dilution capacity with subgrouping based on the
level of organic loading. Sixty percent of the streams had
dilution capacities <2.0. The major category of wasteloading
consisted of those effluents discharging an estimated 500
lbs./day or less of carbonaceous B.O.D. This is reflected in
the median statistic of 404 lbs./day of carbonaceous B.O.D.
Substrate Variables.

The subjective estimates of the evaluation team for
proportions of substrate type are summarized in Table 12,

Pigure 12 presents a horizontal bar chart of the substrate
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WASTE LOADING
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Variable

Detritus

Mud & Sludge

Clay

Silt

Sand

Gravel

Large Rocks

Bedrock

Table 12. Summary Statistics for Substrate Variables.
Included are the number of observations >0 (N), means for all
values and means for values >0, standard deviations for all
values and for values >0 (STD), minimums and maximums for

values >0,

N

>0

24

19

15

30

33

20

21

7

Mean

(%)

4.9

7.5

11,2

8.7

40.7

8.7

11.7

6.7

89

STD

5.9

14.3

20.5

11.1

37.2

14.1

19.0

16.7

Mean

>0

8.8

16.9

32,2

12.4

53.0

18.7

24.0

41.4

STD

>0

5.2

17.6

23.3

11.5

33.8

15.6

21,2

16.8

Nin.
>0

2

10

Max.
>0
25
75
70
50

100
60

80

60
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SUBSTRATE TYPE BY ZONE
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types organized in ascending order by frequency of
occurrence, Sand was the dominant substrate type encountered
both in frequency (33) and percentage of composition (40%).
In contrast, detritus, which had the third highest frequency
(24) of occurrence, had the lowest mean percentage of
composition (4.9%). Bedrock, when present, tended to
dominate the substrate categories with a mean value of 41%
for observations >0.

Habitat Variables.

The presence or absence of twelve categories of
potential fish habitat were evaluated at each of the sampling
stations. Figure 13 presents this data in the form of a
horizontal bar chart organized in increasing order of
occurrence. The largest number of habitats present at any
one station was 9, while the lowest was 3 and the mode was 5.
Four categories of habitat (pools, brushpiles, undercut
banks, and flat runs) accounted for half of the habitat
richness as determined by frequency of occurrence. These
were about equally distributed in all three sampling zones.
Riparian and Nonpoint Source Variables.

Table 13 gives the summary statistics for the nonpoint
source dataset., These variables represent estimates of
riparian, bankside and general watershed characteristics

which in general may reflect the the potential for nonpoint
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HABITAT ABUNDANCE BY ZONE

)] TYPE OF HABITAT FREQ CUM, PERCENT  CUM,

FRED PERCENT
ISOLATED POOLS 2 2 106 1.0
DEEP CHANNELS 5 1 265 3.0
TREE ROOTS ; § 12 265 6.3

N
BACKNATERS 11 23 SR n
N

EMERGENT VEG. 11 58 1.9
RIFFLES N M B .4 5.40
ROCKS \\ 17 65 8.9 3439
SUBRERGED L8GS B 8B 985 4.9
FLATRUNS \\\ A 14 1.1 55.03
UNDERCUT BANXS 4 13 121 LM
BRUSHPILES 28 15 1481 825

PoOLS | \\\‘ 33 189 17.46 100.00
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Figure 13. Distribution of Habitat Types.




Variable N Mean
$1
Bankside Compostion
Vegetation 31 15
Mud 35 45
Sand 35 35
Protective Category
For Erosion
Evident 38 26
Likely 44 29
Unlikely 41 45
Protective Category
For Slope
Flat 4 7
Moderate 33 31
Steep 39 44
Vertical 33 19
Protective Category
Vegetation & Rock
Rock 9 6
Trees 42 41
Grass 41 27
Shrubs 41 26
Land Use Category
$ Suburban 22 43
$ Urban 8 10
% Agricultural 3 4
% Forest Like 19 14
$ Pasture 30 40
% Cropland 12 13
Proportion of Cover
Sparse(13.3%) 6
Moderate(53.3) 24
Dense(33.4) 15

93

Mean Min. Max.

#2

22
58
46

31
29
48

78
41
50
25

29
43
29
28

>0

vuunn

>0

100
100

100

80
80
95

100
100
90
70

90
920
90
75

100
100

80
100
100
100

Table 13. Summary Statistics for Riparian and Nonpoint Source

vVariables. Included are the number of observations (N),
$1 (all values including 0),
Minimum and Maximum for values greater than zero.

Mean

Mean $#2 (only values >0),
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source impacts (e.g. erosion and sedimentation, urban and
agricultural runoff). The estimates are based on the
subjective evaluation of the sampling team.

The bankside protective categories and watershed land
use characteristics were evaluated using the quidelines and
clasgsification schemes presented by Ball in EPA's Hater
Ouality Mapnagement Handbook (7,44). In general, the ranges
for values of variables were classified as poor, fair, good
or excellent., Figures 14 thru 18 present block charts of the
bankside protective categories for protective vegetation or
rocks, erosion, slope, and bankside composed of sand and mud.

Figure 14 shows that most of the streams tended to
possess sufficient bankside stability as evidenced by the
high frequency of stations with excellent ratings. Figure 15
show that the protective categories for bankside slope tended
to cluster in the moderate to steeply sloped ranges as
evidenced by the frequency of good and fair ratings. Figure
16 shows bankside erosion tended to be classified as
excellent, especially for upstream areas., However, impact
and recovery zone stations had more stations classified as
fair or poor then the upstream stations. This could be
related to the increase in flow and the impacts of stormwater

runoff, which would be larger at the downstream stations.
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PROTECTIVE BANKSIDE VEGETATION

FREQUENCY BLOCK CHAAT

BANXSIOE VEGETATION PRSTECTIVE CRTEGORY

Figure 14. Frequency Distribution for Protective
Bankside Vegetation.
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BANKSIDE PROTECTIVE CATEGORY FOR SLOPE
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BANKSIDE PROTECTIVE CATEGORY FOR EROSION
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BANKSIDE PROTECTIVE CATEGORY FOR MUD
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Mud and sand are illustrated in Figures 17 and 18. These
figures also show a large frequency of stations classified as
excellent and good. Mud seemed to have a higher number of
less protective bankside classifications than sand (19 versus
12).

Fish variables.

The sampling procedure and related details on the
collection of the fish during Oklahoma UAA program is
outlined in the report provided in Appendix A. Essentially,
the method consisted of a standardized level of effort; one
manhour of sampling with seines at each location. As was
true with most categories of assessment, not every site was
suitable for sampling. Reasons for not sampling fish
included, no water, septic or unhealthy sampling conditions,
water which was too deep for effective sampling and lack of
downstream access prior to recovery or confluence with
another stream or river. 1In all 35 of the 48 stations were
sampled for fish. Table 14 lists the species composition and
frequency of occurrence of the 45 varieties of icthyofauna
found at these stations.

One category of the fish community, fishable species,
seemed to be of particular interest to the evaluation
committee during the 1982 revisions of the Oklahoma Water
Quality Standards. Pigure 19 illustrates the frequency



FAMILY

Clupeidae
Cyprinidae

Catostomidae
Ictaluridae

Cyprino-
dontidae
Poeciliidae
Atherinidae

Percichthyidae
Centrarchidae

Percidae

Sciaenidae

Table 14.
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SPECIES

Dorosoma cepedianum
Campostoma anomalum
Cyprinug carpio

Hybognathug placitus

Occurrence at 35 Sampling Stations.

COMMON NAME

Gizzard Shad
Stoneroller

Carp

Plains Minnow
Golden Shiner
Emerald Shiner
Ghost Shiner

Red Shiner

Sand Shiner
Colorless Shiner
Redfin Shiner
Unidentified
Suckermouth Minnow
Bluntnose Minnow
FPathead Minnow
Slim Minnow
Bullhead Minnow
River Carpsucker
Black Bullhead
Yellow Bullhead
Channel Catfish
Slender Madtom
Preckled Madtom
Plathead Catfish
Plains Killifish
Blackspotted Topmn.

w

-
NI WWHWNLWOW LW =WNINDWO WM ®

[

Mosquitofish 25
Brook Silverside 4
Mississippi " 2
White Bass 3
Green Sunfish 23
Warmouth 4

Bluegill Sunfish 15
Orangespotted " 12
Longear Sunfish 26
Redear Sunfish
Largemouth Bass
White Crappie
Slough Darter
Orangebelly Darter
Orangethroated "
Redfin Darter
Slenderhead Darter
Dusky Darter
Freshwater Drum

WHEWWHENDNNNIN -

List of Fish Species Composition and Frequency of

FREQUENCY
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OF FISHABLE SPECIES
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distribution of potentially fishable species present in the
samples., Pan fish (i.e. Bluegill, Green and Longear Sunfish)
dominated this catagory followed by Channel Catfish and
Crappie. Together these varieties accounted for 70 percent
of the fishable species. The size of these fish ranged
widely, from four to six inch sunfish to a 40 pound Flathead
Catfish., Further discussion on the significance the fish
species composition is accomplished in subsequent sections of
this chapter.

Invertebrate Variables.

The collection of invertebrate samples was accomplished
through a qualitative standard level of effort consisting of
one half manhour of dipnet sampling. Taxa were identified to
the lowest taxonomic level attainable. Table 15 lists the
classifications of 49 taxonomic units obtained as part of the
Oklahoma UAA study. It should be noted that the
identification of invertebrates resulted in a mixture of
various levels of taxonomy. Most of the taxa were identified
to the level of genus, while others were more consistently
left at higher level of heirarchy such as Tribe (e.g.
Chrinomini), and Family (e.g. Hirudinea). As was the case
with the fish sampling, only 35 of the stations were sampled

for similar reasons.



104

CLASSIFICATION TAXON FREQUENCY

Trichoptera Hydropsyche 11
Cheumatopsyche 9
Chimarra 4
Nyctiophylax 3
Qecetis 4

Negaloptera Corydalus
Ephemeroptera JIsonychia

—t
[

Odonata Calopteryx
(Zygoptera) Argia

(Anisoptera) Ophiogomphus

w

NMHNHOHE HBAFHWKNNOWY UALNHWAW

Coleoptera Dineutus

Table 15. List of Invertebrate Taxa and Frequency of
Occurrence at 35 Sampling Stations.
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CLASSIFICATION TAXON FREQUENCY
Diptera Ceratopogonidae 1l
Culicidae 1
Simuliidae 8
Chironomini 32
Tanytarsini 17
Tanypodini 14
Pentaneurini 1l
Macropelopiini 1
Isopoda Lirceus 5
Amphipoda Hyalella 11
Gastropoda Physa 19
Pelecypoda Sphaeriidae 13
Oligochaeta Limnodrilus 7
Turbellaria Planariidae 1l
Hirudinea 2
Bryozoa 11
Decapoda Palaemonetes 3

Table 15(cont.). List of Invertebrate Taxa and Frequency of
Occurance at 35 Sampling Stations.
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ABUNDANCE OF INVERTEBRATE GROUPS
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FRED PERCENT
e N~ v as as
EPENEROPTER PSSR B 13 185 4109

WOATR KRR X m 61 20 1825 60.M

TRICHOPTERA 31 241 891 682
COLEGPTERR A % 66X :®IS
GRSTROPOOR 19 8 5.6 8.6l
PELECTPOOR 13 291 LU 8.3
NEGALOPTERR 11 308 316 @8.5]
BRYOZA 11 319 316 9.8
ARPHIPOOA 11 330 316 9.8
OLIGOCHAETA T W 201 %.84
150P00R S M2 L4 928
DECAPBDA 3 U 0% U
HIRUDINER 2 M1 0S7 %M
TURBELLAAIA I M8 029 100.00

FREQUENCT
LEGEND: 2088 DD UpsSTRERN  [SNJ INPRCT XXX RECOVERT

Figure 20. Frequency Distribution and Abundance of Invertebrate Classifications
or Groups.
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Pigure 20 summarizes the frequency distribution of
major invertebrate classifications. Diptera, Ephemeroptera,
Odonata and Trichoptera accounted for 70 percent of the
invertebrate fauna found in the study. Purther discussion on
the significance of the invertebrate species composition is

made in the subsequent sections of this chapter.

Biological Indices.
Introduction.

This section presents the use of several pollution
indices in the evaluation of fish and invertebrate species
composition. Included when appropriate are further
descriptive statistics, as well as, tables and illustrations.
The choice of which indices to use was to a large extent
influenced by the qualitative nature of the biological
database. That is to say, traditional methods, which relied
on calculation of species diversity, or species richness,
requife enumeration of the number of individuals in each
taxonomic unit. The UAA database extends from a methodology
which does not provide for the level of effort required to
make such calculations. In this case, more emphasis is
placed upon the species composition and discrete species
richness at each location. Therefore, the choice of an

appropriate index included the ability to use the existing
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data with only relative abundance designation serving as the
scale of density for each species.

Chapter Two discussed the use of pollution indices in
the assessment of aquatic hydrobiocenosis. The Trent Biotic
Index, the Graham Index, Chandler's Score and the Karr Index,
were chosen to scale the species composition of fish and
invertebrate taxa obtained at those stations sampled as part
of the Oklahoma UAA program.

The Karr Index.

The use of pollution indices for evaluation of fish
species composition is not as well developed as their use in
assessment of invertebrate populations. The Karr Index
represents an attempt to scale the value of various
categories of fish species composition and result in a
quality index indicative of the fisheries inherent health and
ecological value. The categories chosen by Karr were
presented in Table 5 of Chapter Two. 1In tﬁe case of the
Oklahoma UAA database, several adjustments in the Karr index
were necessary in order to scale the quality of the fishery.

Rarr utilized 12 categories of community attributes to
scale the value of the fishery. Several of these categories
were not scientifically evaluated in this study (i.e. hybrids
and diseased fish), The selection of intolerant species,

omnivores, and top carnivores was made in accordance with
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EPA's lists of national fish species for each category (37).
The selection of insectivorous cyprinids was made in
accordance with food habit descriptions provided in Carlander
(23,24) and Miller (74). The category of suckers was
eliminated because only one member of this family (Carpiodeg
carpio) was obtained in the collections. The categories for
sunfish excluded the Green Sunfish and only included the
members of the genus Lepomis. Darters (Percidae) were
expanded to include the genus Campostoma (Cyprinidae), which
has a wider range than many of the darters encountered in
this study and similar habitat preferences (37).

Those categories which are assessed based upon the
density of the fish population were evaluated by recoding the
relative abundance designations to estimates of their minimum
density. This was accomplished by assigning the following
values to the relative abundance scale: rare=]l,
occasional=5, common=10, and dominant=50. The categories
were assigned a rating value consistant with the Karr scoring
protocol, which assigns values of one, three or five to each
category.

The values for each category were assigned according to

the following protocol:
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Value Scale

Quality Points: 1 3 5

Category

Relative Abundance <50 >=50 <=100 >100
Omnivorous Species >25 >=10 <=25 <10
Top Carnivores <=1 >1 <=5 >5
Green Sunfish >5 >=]1 <=5 <1
Intolerant Species <=1 >1 <=5 >5
Insectivorous Cyprinids <5 >=5 <=10 >10
Species Richness <=6 >6 <=12 >12
Sunfish <1 >=1 <=2 >2
Darters <1 =1 >=2

Table 16 give the Karr Index scores for those stations
sampled as part of this study. Pigure 21 shows the plot of
the Karr Index as adapted to use for the Oklahoma UAA
program. In Karr's work a maximum score of 60 resulted from
the evaluation of twelve attributes. 1In this study nine
categories of attributes were evaluated which would yield a
top score of 45. 1In proportion to the gquality index
developed by Karr, the following categories of quality
classes were developed: excellent (>=42), excellent-good
(<42 >=40), good (<40 >=37), good-fair (<=36 >=34), fair (<34
>=30), fair-poor (<30 >=27), poor (<27 >=21), poor-very (<21
>=18), very poor (<=17). Pigure 22 presents a frequency

block chart showing the distribution of station
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STATION~ZONE NO. TRENT GRAHAM CHBANDLER KARR NO.
INVERT. INDEX INDEX SCORE INDEX FISH

BCC-1 10 5 1 337 31 11
BCC-2 10 5 1 304 - -
BCC-3 13 7 1 590 - -
CHC-1 8 6 3 370 21 7
CHC-2 5 4 2 176 19 3
CHC-3 6 6 3 280 23 6
COL~1 12 8 1 447 29 11
COL-3 8 6 3 376 31 15
DOG-1 13 8 1 409 23 4
DOG-3 11 7 2 509 31 12
ELK-1 12 7 2 386 17 4
ELK-2 10 6 1 468 17 5
ELK-3 10 6 1 451 17 6
LDP-1 14 7 2 482 27 12
LDF-2 11 8 1 531 25 9
LDF-3 13 8 1 563 29 9
MBC-1 5 2 4 88 27 8
MBC-2 9 7 2 447 35 14
MBC-3 11 7 3 448 31 11
NCR-1 4 4 3 119 35 14
NCR-2 11 7 2 354 23 10
NCR~-3 - - - - 19 7
NCw-1 6 6 3 202 25 12
NCW-2 12 7 2 470 25 10
NCw-3 11 7 2 499 27 14
PRC-1 - - - - 23 7
PRC-2 6 5 4 117 27 8
RSC-1 13 8 1 872 21 8
RSC-2 5 3 4 172 23 10
SCR-3 10 6 3 246 23 13
SKC-1 11 7 1l 370 21 8
SKC-2 14 6 1 435 17 3
SKC-3 11 7 1 392 17 2
STW-1 6 5 4 173 19 4
STW-2 2 2 5 25 21 5
WEC-3 17 9 1 955 19 4
WHC-1 7 3 4 238 15 4

Table 16. Summary of Scores for the Trent Biotic Index,
Graham's Biotic Index, Chandler's Score and the Karr Index as
Adapted for Use in the Oklahoma UAA Program. Included are
the number of invertebrate and fish taxa found at each
station., Sampling zones l=upstream, 2=impact, 3=recovery.
Station codes are presented in Table 8.
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THE KARR INDEX FOR FISH
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Figure 21. Plot of the Karr Index versus Number of Fish Species.
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THE KARR INDEX FOR FISH
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Figure 22. Frequency Distribution of Karr Index Classifications
by Sampling Zone.
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classification from good thru very poor by sampling zone.
None of the stations warranted an excellent rating.
The Trent Biotic Index.

The application of the Trent Biotic Index was discussed
in detail in Chapter Two. Table 2 presented the Index as it
was first developed by Woodiwiss. In any given part of the
world, the application of an index must take into account the
differences in the composition of species and their
significance. The classifications used in the Trent Biotic
Index needed to be modified slightly to account for the
differences in the taxa found in these Oklahoma streams.

The following modifications were performed on the
orginal Woodiwiss scheme to adapt the Trent Biotic Index for
use in evaluating the streams sampled during the Oklahoma UAA
Program. Plecoptera were not present in any samples and as a
result nine was the highest possible score. The mayfly,
Stenonema, was treated like the genus Baetis on the basis of
it's pollution tolerance (47,54). The Isopod, Asellus, was
substituted with the genus Lirceus. The Amphipod, Gammarus,
was replaced with the genus Hyalella. These latter two
substitutions were made because of the differences in the
fauna found in this Oklahoma study and the similar pollution

tolerance and ecological significance of these Oklahoma
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varieties (47). None of the stations were without any of the
varieties mentioned in the Woodiwiss scheme, and as a result
the scores ranged from two to nine.

Table 16 1list the scores for the Trent Biotic Index as
adapted for use in this UAA study. Pigure 23 plots the
relationship of the Trent scores versus the number of
invertebrate taxa found at the sampling stations. Six
stations received scores below five. The corresponding
species richness for these samples was five or fewer taxa
present, in all but one of the samples.

Graham's Biotic Index.

The application of Graham's Biotic Index followed
similar modifications as those previously discussed for the
Trent Biotic Index. Table 3 in Chapter Two present the
Graham Biotic Index. As was the case in the previously
discussed index, the mayfly Stenonema, was treated like
Baetis, and the same substitution was made for the genus
Asellus was made. The Annelid, Tubjifex, was substituted with
the genus Limnodrilus on the basis of similar pollution
tolerance (47). Table 16 list the Graham's Index scores for
the sampling stations. Figure 24 illustrates the frequency
distribution of the Graham's Index scores by sampling zone.
Thirteen station were evaluated as being polluted, most of

these stations had fewer than ten invertebrate taxa present.
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Figure 23. $1ot of the Trent Biotic Index versus Number of Invertebrate
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THE GRAHAM INDEX BY SAMPLING ZONE
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Figure 24. Frequency Distribution of the Categories of Graham's
Biotic Index Scores by Sampling Zone.
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The Chandler Score.

The process of adapting the approach use by Chandler to
score the quality of sampling station on the basis of the
numbers and types of invertebrate species present was
considerably more involved than either the Trent or Graham
Biotic Indices. The scoring scheme used in evaluating the
Oklahoma UAA sampling stations is presented in Table 17.
Table 16 shows the scores received by the sampling stations
and Figure 25 illustrates the relationship between the
Chandler scores and the number of invertebrate taxa present
at each location., Scores below 300 are considered to be
indicative of polluted areas (101) which possess fewer
invertebrate taxa and include those members which accumulate
the least point value i; the scoring protocol. Ten stations
scored below this threshold value which delineates cleaner or
less polluted streams from areas or higher perturbation; as

evidenced by a more depressed species compostion.

Cluster Analysis
Introduction.
The discussion of results presented in the following
section is limited to the cluster analysis of fish,

invertebrate, habitat and substrate variables. Essentially,
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THE CHANDLER SCORE ADAPTED FOR OKLAHOMA UAA

GROUPS PRESENT RELATIVE ABUNDANCE

IN SAMPLE RARE OCCASIONAL COMMON ABUNDANT
Ephemeroptera, excluding 79 84 90 94
Baetis and Stepopema

Trichoptera, Megaloptera 75 80 86 91
Simuliidae 56 61 67 73
Coleoptera 51 55 61 66
Baetis and Steponema 44 46 48 50
Byalella 40 40 40 40
Pbysa and Sphaeriidae 30 28 25 22
Chironomidae, excluding 28 25 21 18
Chironomini

Lirceus 25 22 18 14
Hirudinea 24 20 16 12
Tubellaria 22 18 13 12
Chironomini 21 17 12 7
All other species, 19 15 9 5

excluding Bryozoa

Table 17. The Chandler Score Adapted for Use With the
Oklahoma Use Attainability Database.
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Figure 25. $1ot of Chandler's Score versus the Number of Invertebrate
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two types of cluster analyses were performed on the datasets.
The methods employed consisted of Wards's (96) minimum
variance heirarchical clustering method and UPGMA, the
unweighted pair-group method using arithmetic averaging
(106). These two methods and some of their applications were
discussed in Chapter Two. Ward's method was accessed through
SAS, while UPGMA was accessed through the NT-SYS computer
programs package. The main intent of the cluster analysis
was to provide a method of classifying variables into groups
of observations or clusters.

Ward's method uses a multivariate data matrix where the
rows of the matrix are the sampling stations and the columns
are the variables (e.g. fish species). The SAS procedure
used was PROC CLUSTER and the output from the Ward's method
was visualized by producing tree diagrams using PROC TREE.
The resulting output produced a tree diagram.with two main
branches. Each branch was then subdivided by additional
branching based on the associations of the variables and the
number of clusters produced. The results obtained from
Ward's analysis were utilized in a qualitative fashion based
on the partitioning of variables into one or the other of the
two branches produced.

In order to accomplish the Ward's clustering in a manner

which would depict the distribution of the population of
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variables as common or less common to the dataset as a whole;
data had to first be recoded to distinguish the variables as
a function of the frequency of occurrence. This was
accomplished by recoding each data entry as having the value
of 1-1/n where 'n' is the total number of times a variable
occurred in the dataset. When a given species or habitat
variable was not present at a given location, that field of
the data matrix received a value of negative one. This
allowed the data to be clustered based on the frequency.of
occurrence in the dataset at large, rather than the simple
birary presence or absence at a given location. The results
of Ward's analysis are discussed in the following sections as
*Branch A%, containing the most commonly associated variables
and "Branch B%, containing a set of variables with a pattern
of occurrence distinct from "Branch A%, with a lower
frequency of occurrence.

UPGMA cluster analysis was accessed through NT-SYS,
Input data consisted of preparing a binary data matrix
(0=absent, l=present) for each variable and dataset using
SAS. Output data sets were then read as input for the NT-SYS
programs. The first step in the clustering process was the
preparation of a matrix of similarity coefficients. The NT-

SYS program 'SIMQUAL' was called upon to produce the data
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using the Jaccard Coefficient. Cluster analysis was
accomplished using the 'TAXON' program and the UPGMA method
option. The results were graphically illusttated as
dendrograms using the NT-SYS 'PHENOGRAM' procedure. A
cophenetic correlation coefficient was calculated for each
dendrogram. This statistic is a measure of how well
dendrogram resembles the values of the similarity coefficient
data matrix from which it was created. Cophenetic values
generally range from 0.6 to 0,95 (106). Oniy those
dendrogram which had cophenetic values greater than 0.70 were
chosen for illustration in the following sections. Both Q-
mode, which clusters the variables (e.g. fish species) and R-
mode, which clusters the records (e.g. sampling stations) was
performed.

Pish Classificatijion.

The species composition for the fish fauna was presented
in Table 14. The results of Ward's analysis of this database
yielded two distinct groups or branches. ¥Branch A" was a
very small cluster of only four species of fish, Notropis
dutrensis, Gambusia affinis, Lepomis cyanellus and Lepomis
megalotis. The first three species listed above are noted
for their pollution tolerance (37,61). The Longear Sunfish
is considered less tolerant of pollution (37) and it's

commonality in the distribution may be a result of other
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factors such as habitat preference. "Branch B" contained all
the remaining species and had three>subdivisions. The SAS
tree diagram produced from Ward's analysis is provided along
with the raw data for fish variables in Appendix B.

Ward's analysis was also performed on the database after
sorting by the determination of the ranking committee as
secondary warm water fisheries. The taxa included in "Branch
A" included only three fish. These included Notropis
dutrensis, Gambusia affinis, and Lepomis cyanellus. This
group will be referred to as fish cluster group B (pollution
toierant varieties) in the subsequent section on factor
analysis.

Pigure 26 represents the dendrogram of Q-mode UPGMA
cluster analysis of fish species composition. Several
interesting grouping or clusters were revealed, many of which
go beyond the scope of this presentation. The frequency
distribution of one group, referred to as Group A, is
presented in Figure 27. Within this group are several
clusters which, for the most part, contain the largest
percentage of pollution tolerant fish. These species are
also the most abundantly occurring varieties. Numerous game
fish are presented in this group as well. The remaining

clusters contain considerably less tolerant species and
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Dorosoma cepedianum

Aplodinctus grunniens

Cyprinus carpio

Notropls atherinoides

Hybognathus placitus

Notropls stramineus

Menidla sudens
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Pimephal

Micropterus ssimoides

'_r_*——— Notropis iutrensis
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Fundulus kansse

Campostoma snomsium
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Noturus nocturnus
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Figwe 26.

o8 09 10

Dendrogram prepared by Q-mods UPGMA clister analysis of Jaccard coefficients

computed from binary ceta on fish distribution at 35 sampling stations. Cophenstic

correlation coefficient is 0.840.



126

ABUNDANCE OF FISH SPECIES FOR GROUP A
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Figure 27. Frequency Distribution of Fish Species For Group A.
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varieties such as the darters and certain Cyprinidae which
occupy more restricted geographical ranges in Oklahoma (74).
This factor must be taken into account in any classification
scheme which mixes species whose distribution or frequency of
occurrence in a dataset may be more a function of range than
any of the limiting factors present at a location (e.g.
dissolved oxygen).

Pigure 28 represents the R-mode cluster analysis of
species showing the clustering of sampling stations based on
the similarity matrix. Several groupings of stations stand
out among the clusters. The group at the top of the
dendrogram which clusters the North Canadian River below
Oklahoma City (NCR-1, NCR-2) with the North Canadian River
below Woodward, Oklahoma (NCW-2, NCW-3) is one example. The
river below Oklahoma City received a seconday warm water
fishery designation, while that portion below Woodward
received a primary warm water fishery designation. Several
streams, such as Pryor Creek, Chisholm Creek and Elk Creek,
clustered all of their sampling stations together. Rush
Creek and Little Deep Fork formed one cluster. In both the
above instances, the streams had similar Karr Index values.
The results of these R-mode dendrograms help to serve as
powerful graphical techniques, which demonstrate how

different streams or stations along the same stream cluster
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based on the similarity of the fishery content.
Invertebrate Classification.

Ward's analysis of the invertebrate taxa found in Table
15 produced a cluster or branch containing 20 invertebrate
taxons., The tree diagram for Ward's analysis of the
invertebrates is found along with the raw data in Appendix B.
The odonate, Argia and the dipterian tribe Chrinomini were
the two most commonly associated benthic organisms. The
second most common association contained the mayflies
Stenonema and Baetis and the gastropod Physa. Ward's
analysis was also performed on the dataset sorted by the
determination of the ranking committee as primary or
secondary warm water fisheries. The results after sorting
yielded only 14 invertebrate taxa in "Branch A" for those
streams ranked as primary and six for those ranked as
secondary. The taxa included in "Branch A" for those
stations ranked as secondary included the three dipterian
tribes of the Chironomidae, Chironomini, Tanytarsini,
Tanypodini, ¢the odonate Argia and the genus
Caenis (Trichoptera).

Q-mode UPGMA cluster analysis of the invertebrate taxa
is present in Figure 29, The frequency distribution of one

particular group of clusters referred to as Group A is
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illustrated in Figure 30. Some 50 percent of the frequency
of occurrence of taxa within this group of 22 organisms
consisted of only six taxa, Argia, Stenonema, Physa, Baetis,
Chironomini and Tanytarsini. The remaining clusters, form
other groups in the dendrogram, are to a large extent
influenced by the relative rareness or sparse patterns of
occurrence of individual taxa.

Pigure 31 shows the dendrogram for R-mode UPGMA
clustering of the sampling stations. Only two groups of
sampling stations along the same stream clustered as one set.
These were Big Cabin Creek and Stillwater Creek. There is
considerably more heterogenicity in the clustering of
stations for invertebrates as compared to the fish. The
North Canadian River stations were more dispersed in this
dendrogram clustering with other stations but still remained
for the most part in the same large group. The pattern of
clustering reveal some association with the Chandler Score
values discussed in the previous section. Rush Creek (RSC-1)
and Wewoka Creek (WEC-3), which clustered together, had the
two higher scores, 955 and 872 respectively. The North
Canadian River above Woodward (NCwW-1), Chisholm Creek (CHC-2)
and Muddy Boggy Creek (MBC-1l) all clustered together and had
similar Chandler Score values of 202, 176 and 88

respectively. The interpretation of the R-mode dendrogram
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for invertebrate sampling was significantly enhanced when
done in conjunction with ratings, achieved by application of
.the pollution indices developed in the previous chapter.
Babitat and Substrate Classification.

Analysis of substrate and habitat variables by Ward's
analysis produced a branch of common variables, “Branch A%,
containing the three most common habitat variables (pools,
brushpiles and undercut banks) and the two most common
substrate variables (sand and silt). The tree diagram of the
clustering of substrate and habitat variables analyzed by
Ward's method, is provided along with the raw data for
habitat variables in Appendix B. The sorted data sets, based
on the ranking committee's judgement as primary, yielded a
cluster for "Branch A" containing submerged logs, sand,
pools, silt, rock, undercut banks, brushpiles, gravel and
large rock.

Q-mode UPGMA cluster analysis of substrate is presented
in Figure 32. Softer substrates, characteristic of
depositional areas, clustered together. These included silt,
sand, detritus, mud and sludge. Harder substrates such as
gravel and large rock clustered together as well., Bedrock,
and to a lesser extent clay, stand out as independent types

of substrate.
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R-mode UPGMA cluster analysis of the sampling stations
for substrate variables yielded groupings of the stations
based on substrate similarity. Pigure 33 shows these
groupings. The South Canadian River near Norman (SCR-3)
stands out separate from the other clusters. This is due to
the fact that the only substrate encountered at the sampling
location was sand while other stations had at least one more
type of substrate available. The clustering of the North
Canadian River stations with a high similarity coefficient is
noteworthy. The advantage of this dendrogram is that it
allows for stations to be grouped on the basis of similar
substrate. OWRB grouped the stations for the ranking
committee evaluations on the basis of substrate types. This
method provides a more scientific method of documenting such
associations prior to evaluation by ranking or delphi teams.

Q-mode UPGMA analysis of the habitat types yielded a
dendrogram with the highest cophenetic correlation. Figure
34 illustrates the habitat clustering in which pools,
brushpiles and undercut banks cluster apart from habitats
like deep channels and tree stumps or roots. The dominance
of such categories as pools and brushpiles could account for
the overwhelming abundance of the sunfish, especially the
Longear Sunfish. Rocks and riffles clustered together, and

as such, their exclusion as a set, from a stream may affect
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the distribution of species which select such habitat over
pools, brushpiles and undercut banks. R-mode cluster
analysis yielded a cophenetic value less than 0.70 and,
although the similarity coefficients are of use in compairing
stations, the dendrogram was not selected for illustration
for reasons discussed in the introduction to this section.
Combined Classification.

In an attempt to gain some picture of how the biological
varjiables for fish and invertebrates group with habitat and
substrate types, a Q-mode UPGMA cluster analysis was
performed for all four categories of data combined. Figures
35a and 35b illustrate these groupings in a 1large
multivariate dendrogram of community associations. Figure
35b is particularly significant because it contains the
clusters of most of the common organisms, substrates and
habjitats types. At the top of the dendrogram in Figure 35b
is a cluster of eight fish species. Four of these, Dorosoma
cepedianupm, Aplodinotus grunniens, Morone chrysops and
Menidia audens, are more characteristic of lake environments
(23,24). The next large grouping of clusters extending from
Notropis lutrensig to Tanypodini is the most significant
grouping in respect to this research. This group contains

nine of the 12 habitat types, seven of the eight substrate
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Continued See Figure 35b.
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categories, and essentially all of the most frequently
occurring fish and insects. Five of the fish species are of
fishable variety and two are game fish, the Channel Catfish
and the Largemouth Bass. 7

Pigure 35a contains groups of clusters whose
associations are linked to their relatively lower fregquency
of distribution, scattered patterns of occurrence and other
factors such as range. One group clusters three species of
darters (Percidae) with Coppostoma anomalum (Cyprinidae).
This is noteworth since it helps support the inclusion of the
Stoneroller with the darters in the adapted Karr Index. A
detailed analysis of the ecological significance of each
cluster is beyond the scope of this research. Rather, this
dendrogram is provided as an attempt to classify the basic
association of the common stream community. The large group
of clusters referred to in the previous patagraph contains
most of the common associations of variables including many
pollution tolerant species of invertebrates and fish. This
cluster can serve as an artifical reference community. This
community of common fish, insects, habitats, and substrates
is indicative of the degree of use attainment. The
significance and other applications of cluster analysis in

UAA is discussed in the last chapter of the dissertation.
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Pactor Analysis
Introduction

The following section attempts to summarize the
application of factor analytical techniques in the evaluation
of Oklahoma's UAA database. Chapter Two presented a detailed
review of the numerous applicatjons of principal component
and factor analysis. The use of factor analysis for the
purpose of this research is limited to the assessment of
associations, or patterns among the variables. An example of
such an association might include the clustering of similar
variables in one factor (e.g. several different measurements
of the biological community structure). Another example
might include the clustering of sets of dependent and
independent variables (e.g. fish species richness and the
dissolved oxygen deficit). These associations, and the
extent of the loadings on given components or factors, can be
useful in evaluating the variation in data.

Multivariate methodologies, such as factor analysis, do
not tolerate missing values for observations. Missing values
cause a record to be deleted from consideration in the
construction of the correlation matrix used to extract the
factors. Thirty two records were chosen for consideration on
the basis of having complete data for both fish and

invertebrate species composition. The North Canadian River
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below Oklahoma City was deleted due the extreme values for
flow. In all 28 observations were suitable for use in factor
analysis.

Several iterations of analysis were conducted using SAS
PROC FACTOR procedures. The factor method specified was the
principal factor method. The correlation matrix was singular
and as a result the estimates of prior communality for each
variable were set at the maximum absolute correlation with
any other variable (Priors=Max). The input dataset consisted
of any combination of variables other than the binary data
for fish, invertebrate, and habitat variables, The first
three to five factors from each iteration were analyzed for
associations among variables., Component loading values >0.50
and <-0.50 were flagged as having potential significance in
the variation accounted for by their respective factor.

The rotation procedure, VARIMAX, was utilized in an
attempt to simplify the variation among the variables. It
works in such a way that each orthogonal factor extracted
maximizes the variance of the squared loading of each
variable. The goal of rotation is to simplify the structure
of each factor and account for those variables which play the
largest role in a given factor's variance. Examination of

the loadings from rotated factors resulted in the selection
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of the variables which account for most of the variation in

the UAA dataset.
Pactor Analysis of UAA Data.

Records from twenty eight sampling stations containing
fifty one variables were factor analyzed. Table 18 presents
the loadings for those variables with significant correlation
within each factor. Pactor one (PFl) contained several
categories of variables with significant loadings. These
consisted of invertebrate community variables, dissolved
oxygen, riparian and nonpoint source variables. The percent
occurrence of the cluster of pollution tolerant fish (cluster
group B) had some loading as well.

Rotation of factor one (PF1R) by the VARIMAX method
simplified the associations by reordering the loadings for
invertebrate community measurement and most of the riparian
and nonpoint source variables into factors two and three
respectively. Dissolved oxygen had the highest loading after
rotation. The percentage of bankside erosion as evident or
unlikely also improved. These two sets of collinear
independent variables (some inversely proportional) clustered
in factor one to account for the orthogonal group with the
highest eigenvalue and proportion of variation.

Pactor two (PP2) initally consisted of mixture of

variables for fish community structure, Graham's Index and



146

FACTORS
VARIABLE PFl1 PFl1R PF2 PF2R PF3 PF3R

Dissolved Oxygen 66 84
Percent Saturation 75 81
% Erosion Evident - 73
Pish Cluster B 55 50
$ Erosion Unlikely -50 =77
Invert. Species Richness 58

Trent Biotic Index -
Chandler's Score 69
Invertebrate Cluster A - 87
Invertebrate Cluster B 67

Graham's Biotic Index ~50 50 -81

% Bankside Sand 61 74
$ Substrate Sand 55 68
Temperature 68
Fish Cluster A 66 60
% Bankside Slope Flat 58
% Bankside Shrubs 52
wWidth to Depth Ratio 50
Subsgtrate Variety 50 =58
Karr Index 74

Fish Species Richness 78

% Substrate Large Rocks 51

% Bankside Trees

% PForest Area

$ Suburban Land Area

Velocity

% Substrate Mud & Sludge -51

% Bankside Mud

$ Urban Land Area

94 59
91 67
90 52

t e

Eigenvalue 7.56 5.57 5.07 5.44 4.38 5.02
Proportion 23,5 17.3 15.8 16.9 13.6 16.0
Cumulative Proportion - - 39.3 34.2 52.9 50.2

Table 18, Principal Pactor Analysis Loadings for UAA
Dataset. 1Included are the loadings for values <-0.50 or
>0.50 for the first five principal factors (PFP1-PF5) and the
loadings after VARIMAX rotation (PF1R-PF5R). Loadings are
multiplied by 100 and rounded to the nearest integer.



VARIABLE

Dissolved Oxygen
Percent Saturation

% Erosion Evident

Fish Cluster B

D.0O. Deficit

$ Erosion Unlikely
Invert. Species Richness
Trent Biotic Index
Chandler's Score
Invertebrate Cluster A
Invertebrate Cluster B
Graham's Biotic Index

% Bankside Sand

% Substrate Sand
Temperature

Figh Cluster A

% Bankside Slope Flat

% Bankside Shrubs
wWidth to Depth Ratio
Substrate Variety

Karr Index

Fish Species Richness

% Substrate Large Rocks
% Bankside Trees

$ Forest Area

$ Suburban Land Area
Velocity

$ Substrate Mud & Sludge
% Bankside Mud

% Urban Land Area

Eigenvalue
Proportion
Cumulative Proportion
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PF4

52

3.99
12.4
65.3

PACTORS
PF4R PF5 PF5R
55
81
78
53
=73 66
56
51
=56
55
4.42 3.18 3.73
13.8 9.9 11.6
64.0 75.1 75.6

Table 18 (cont.). Principal Factor Analysis Loadings for UAA
Dataset. 1Included are the loadings for values <-0.50 or
20.50 for the first five principal factors (PF1l-PF5) and the

loadings after VARIMAX rotation (PF1R~PF5R).

Loadings are

multiplied by 100 and rounded to the nearest integer.
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the percentage of substrate as mud or sludge. This factor
was reassessed by rotation to exclusively include only the
invertebrate community structure variables. This factor
(PF2R) accounts for about the same amount of variation as
factor one (PF1R) but, it consists of a cluster of
essentially collineai biological variables.

FPactor three (PP3) consisted of several invertebrate
variables, percent of substrate as large rock, and the
relative number of substrate types (i.e. substrate variety).
Rotation of factor three (PF3R) yielded a group of variables
consisting of mostly riparian measurements, temperature, the
frequency of occurrence for members of fish cluster group A
(see Pigure 35b), substrate as sand, and width to depth
ratio. The loadings for most of these variables was not very
high. Therefore the associations should be considered
weaker,

The proportion of variation measured by factors four and
five are better represented in the rotated factors (PF4R and
PP5R). Pactor four consisted of fish variables and a weak
association with substrate as large rock. Factor five
consisted of a group of riparian and nonpoint source
variables with a weak negative loading by stream velocity.

These five factors accounted for 75% of the variation of
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the eigenvalues. Interpretation of the remaining 7 factors
having a minimum eigenvalue of 1.0 did not show any
meaningful grouping of variables with high loadings. These
five factors are dominated by the clustering of collinear
dependent variables (i.e. biological data) or independent
variables (e.g. D.O. or % erosion). There is essentially
little or no grouping of dependent and independent variables
in the same factor. The ability to ascertain cause and
effect relationship of factors influencing the biotic index
scores or fish species richness is not possible without high
loadings in the same factor.

The results of this analysis did not extract evidence of
any straightforward linear relationship between biological
and environmental variables. Instead it points out that most
of the measurement of variation was measured in terms of the
biological parameters, 31% in PPF2R and PF4R combined.,
Dissolved oxygen, substrate, riparian and nonpoint source
variables made up most of the remaining variation distributed
among the other three factors. Attempts to plot factors
against one another to see if biological and environmental
variables clustered together did not improve the essential
orthogonal relationships between the biological and
environmental measurements. The importance of improving the

ability to correlate environmental measurements with
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biological data in future UAA studies is discussed in the

following chapter.



CHAPTER IV
SUMMARY, CONCLUSIONS AND RBCOHHBNQATIONS
Introduction.

" The main focus of this research has been to develop data
management techniques which assess the present status of
aquatic use attainment in Oklahoma. The database used
included information from 16 streams distributed across the
State. The information analyzed represented the only
existing data collected for the épecific purpose of
evaluating the attainment status during low flow, high stress
periods. The conclusions drawn are representative of
conditions existing in these streams. Extrapolation of the
information gained from this study to the State at large
should only be done for those environments having similar
impacts and attributes.

On November 8, 1983, the EPA issued the revised
regulations on water quality standards in 40 CFR Part 131,
This regulation issues the guidelines for the process by
which States may propose to change existing beneficial uses.

The rule specifically states that, "EPA is requiring that

151
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States conduct and submit to EPA a use attainability analysis
if the state |

(a) is designating uses for the water body such that the -

water body will not have all the uses which are included

in Section 101 (a) (2) of the Act,

(b) maintaining uses for the water body which do not

include all of the uses in Section 101(a)(2) of the Act,

(c) removing a use included in Section 101(a)(2) of the

Act,

(d) modifying a use included in Section 101(a)(2) of the

Act to require less stringent criteria®.

This document goes on to require that in each triennial
review process, States review the basis for not including
uses for a specific waterbody. States need not repeat UAA
but they must demonstrate ‘that circumstances have not
changed. That is to say, "protection and propagation of
fish, shellfish, and wildlife and/or recreation in and on the
water remain unattainable®”.

EPA issued the final version of the Water Quality
Standards Handbook (36) in December of 1983, A supplemental
publication entitled Tecbnical Support Manual: Water Body

Surveys and Assessments for Conducting Use Attainability
Analvsis (37), was released in November of 1983, These
publications only became available to this author in late
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February 1984. As a result they have not been fully utilized
in this research. The following sections reference these
publications when they help provide recommendations which
might enhance future UAA programs in Oklahoma.

The secondary warm water fishery designation represents
a modification of the fish and wildlife propagation criteria
which were present in the 1979 Oklahoma Standards. The
supportive documentation for these changes must include some
identification of the characteristics which differentiate
secondary from primary warm water fisheries. This research
has attempted to characterize the relative degree of aquatic
attainment through an analysis of Oklahoma's first set of UAA
da£a.

The objective of this research was to develop assessment
and data management techniques which summarize the
environmental and biological attributes of a set of streams
considered as candidates for redesignation. The results of
the analysis provide the first set of reference attributes
for such candidate streams. The decision for redesignation
remains the administrative task of the State (subject to EPA
approval). Recognition of the existing conditions is an
essential part of the supportive documentation from which the

proposal for redesignation are developed. The final phase of
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the redesignation process couples information on social and
economic impacts with information revealed in UAA. Tables 19
summarizes the major conclusions which are discussed in more
detail in the following sections. I hope that the
evaluations provided in this research will give guidance to
future UAA programs in Oklahoma.

Bydrologic Vvariables.

The hydrologic evaluation represented an attempt to
characterize the role which factors such as flow and width to
depth ratio play in the pollution ecology of these Oklahoma
streams. The skewness of database to the left indicates that
most of the data reflects conditions of flow less then 5.0
cfs. In fact, based upon the mode, the most frequently
encountered conditions clustered in the 1.0 cfs range. This
flow regime was not restricted to upstream areas. Several
streams showed a loss of flow at downstream sampling
stations. The low flow and low velocity conditions might
account for the dominance of pool type habitats and
depositional substrates. These conditions are reflected in
the composition of fish and invertebrate species found as
common members of these streams.

Water Quality variables.
The parameters used to assess water quality focused on

D.0O. as a major determining factor affecting the degree of
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MAJOR CONCLUSIONS

The dominance of low flow, low velocity and low gradient

-stream conditions influenced the habitat variety available to

fish and benthic organisms.

D.0. levels ranged from between highly saturated to poorly
oxygenated levels. This represented one of the most
significant limiting environmental factors affecting the
achievement of more desirable levels of use attainment in
these Oklahoma streams.

The study streams were dominated by pool type habitats and
depositional substrates, factors which were reflected in the
species composition common to these streams.

Poorly protected bankside conditions may have affected the
level of use attainment as a result of erosion and
sedimentation which restricts the quality of benthic habitat
by siltation.

Substrate categories were dominated by sand, silt and mud.
The lack of more stable substrates, such as gravel and rock,
restrict the variety of aquatic life to those adapted to less
stable depositional habitats.

Fish cover was predominatly composed of pool type habitats.
The resulting fish species composition was comprised of
varieties which prosper best under such conditions.

The application of biotic indices provided a rapid
gualitative means of differentiating the quality of the
streams as reflected in the species composition. These
methodologies can serve the State in documenting and
redocumenting the level of use attainment assesed by UAA.

Cluster analysis of fish and aquatic invertebrate species
provided a characterization of the assortment of assemblages
of common and rare species which exemplify the degree of use
attainment among these redesignation candidates. The
coupling of biotic indices with cluster analysis produces
results which can support proposals for redesignation.

Most of the methods use in this UAA program, while adequate
in the description of the existing conditions, were not
appropriate in their present form to correlate cause and
affect relationships which differentiate primary from
secondary warm water fisheries.

Table 19. Summary of Major Conclusions.,
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aquatic use attainment. The issue of what the appropriate
criteria for D.O. should be was not the intent of this
research. The levels of D.O. which can be attained are
better addressed through a technical evaluation of treatment
requirements in the overall wasteload allocation process.
This study focused upon the role that D.O. levels play in the
present degree of attainment of fish and wildlife beneficial
uses.

D.0O. levels fluctuate widely in Oklahoma streams. These
ranges in D.0. create a spectrum of categories of D.O.
deficit. One might expect, that in any given stream, regions
of either highly saturated or poorly saturated waters could
be occurring. The cause of supersaturated D.0. levels were
not evaluated by this program. Future studies should attempt
to account for the impacts of such areas. This condition
represents an abnormality due to excessive oxygenation by
algal photosynthesis. This source of oxygen is not a
reliable asset. Algal respiration during the night time
hours can significantly reduce the level of D.0. available to
fish and other aquatic organisms. Puture studies should plan
to collect data on primary production rates and algal
respiration via light and dark bottle testing.

Deoxygenation caused by the discharge of organic wastes



represents a more overt source of perturbation. The impact
zone stations were depicted in Figure 8 to have a mean D,O.
concentration of 3.6 mg./l. when the D.0. deficit was in
excess of 3.0 mg./l. This level of D.0O. is just above the
3.0 mg./l. criteria established for secondary warm water
fisheries.

The 1982 Standards removed the 1.0 mg./l. D.O. excursion
due to natural diurnal fluctuations. The levels of D.O.
deficit determined in this study serve to indicate that
diurnal fluctuations may also represent a problem for use
attainment. Furture studies should collect data on nocturnal
D.0. levels as well as 24 hour D.0. profiles in upstream,
impact, recovery and reference area sites. The necessity to
reinstate this excursion in future revisions should be based
on the evaluation of such data.

Temperature plays a role as a factor influencing D.O.
saturation levels. None of the streams had températures in
excess of the critical temperature of 900 F. set by the 1982
State standards. Other studies in Oklahoma (2) have
demonstrated that daily maximum temperatures can exceed this
criteria and as a result the affect of temperature on use
attainment can not be ruled out.

Conductivity seems to be more a function of the drainage

system within which a given stream is located. It may
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represent a problem in use attainment on a site specific
basis. The pH remained within acceptable ranges established
in the state standards.
Point Source Variables.

The value of relating conclusions obtained by analysis
of the point source database was hampered by the fact that it
represented a separate data collection effort. As mentioned
previously, this information was considered to be
qualitative. Puture studies should attempt to incorporate
effluent and receiving stream monitoring into the UAA
sampling framework. Multivariate techniques such as factor
analysis could then be utilized to identify sets of factors
coﬁtaining information on the relationship of effluent
gquality and instream biological variables. If such
techniques are employed in future analysis, care should be
taken to eliminate data points which represent outliers. The
North Canadian River below Oklahoma City represented values
for stream flow, effluent flow and wasteloading far beyond
the values obtained from other sampling stations. This
condition resulted in the exclusion of the NCR-OKC data from
data analysis methods such as principal factor analysis.

Most of the streams sampled in this program had

estimated wasteloads in the range of 500 lbs./day of
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carbonaceous B.0.D. Examination of compliance monitoring
data shows that there was a considerable range in the
concentrations of nitrogenous wastes. ?uture studies may
want to collect data on the impacts of nitrogenous waste both
from the stand point of their role in oxygen depletion and
eutrophication.

The pfoblem of insufficient dilution flow has been the
focus of major concern in Oklahoma. This problem was
addressed by OWRB in the State 208 Work Task 141 (83). More
than half the streams in this study had less than a 2:1
relationship of stream dilution capacity. This condition
places more of the burden of treatment on the physical plant
processes of the individual treatment facility. The fact
that this condition is usually seasonal does not change the
requirement to meet D.O. criteria during low flow periods.
Oklahoma has attempted to gain recognition of this factor in
previous State standards (1968 and 1976). The degree to
which this lack of dilution éapacity influenced the level of
aquatic attainment assessed in this study is not clear.
Three of the stations (CHC-2, SKC-2 and STW-2), with Karr
Index scores classified as poor, had dilution ratios <2.0.
Evaluating the role which insufficient dilution capacity has
on the attainment of aquatic uses in Oklahoma should be

approached in more detail in future studies.
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Riparian and Potential Nonpoint Source Variables.

Analysis of the information on riparian characteristics
yielded descriptions of various levels of bankside protective
categories., Most of the stations with numerous categories
rated as fair or poor, had acceptable scores for both fish
and invertebrate indices. Chisholm Creek (CHC-2)had both
poor ratings for most of the bankside protective categories
and poor ratings for the Chandler Score and the Karr Index.

These bankside protective categories are useful in
describing the relative degree of bankside protection. The
ability to scale the relative impact from poorly protective
bankside characteristics was not addressed in this research.
Attempts to correlate these variations in factor analysis
identified several of the these variables as accounting for
significant variation in the overall set of UAA measurements.
Future studies should concentrate on producing a more
guantitative scale of measurement for categories such as
bankside erosion. The test of the appropriate measure could
then be assessed by demonstrating relationships with
biological variables via factor analysis or canonical
correlation.

In general, most locations sampled were rural, suburban,

and agricultural areas. Most of the urbanized areas
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Clustered near the treatment plants. Bankside vegetation was
mostly moderate to dense cover. Protective categories for
bankside erosion and protective vegetation showed
considerable variation.

Substrate Variables.

The most frequently occurring types of substrate
encountered in this research included sand, silt and
detritus. Sand dominates the proportion of substrate
density. The high frequency of depositional substrates
accounts for about half the density and one third the
frequency of the substrate variety available in these
streams. UPGMA cluster analysis showed grouping of stations
on the basis of substrate similiarly. The commonality of
substrates such as sand, silt, detritus and mud or sludge
versus the categories of gravel, rock and clay may be
responsible for the occurrence of specific species of fish
and invertebrates.

The EPA technical manual on UAA (37) discusses many of
the relationships of substrate composition and the occurrence
of aquatic organisms. Invertebrates are affected by the
composition of the streambed. Sand is considered to be the
poorest habitat. Gravel, bedrock, and clay represent better
substrates which support a larger biomass. One factor not

accounted for in this program is siltation. The temporary or
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periodic covering of benthic habitat by silt and sand can
reduce or eliminate colonies of benthic organisms. The
dominance of the silt and sand substrates serves to indicate
that siltation probably is a factor influencing the species
richness of the benthic community. Puture studies may want
to develop measurements of the siltation impact for
correlation with biological variables.

Substrate conditions can have similar adverse impacts on
the fish community. In general, fish are less confined to
the dependance on a specific type of substrate (37). Certain
species (e.g. Stonerollers) utilize gravel areas of riffle
habitats to develop nests and lay eggs. Streams dominated by
sandy bottom pools complement the nest building habits of
species like the Bluegill Sunfish and the Largemouth Bass.
The dominance of the sunfish varieties in these streams may
be in part accounted for by the abundance of pool habitats
containing large amounts of soft sand and silt.

Habjitat variables.

EPA presents a discussion on the significance of habitat
variation on the aquatic community in the previously
referenced technical support manual for conducting UAA.
Analysis of the habitat categories by cluster analysis showed

a dominance of pool type habitats. Associated within the
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cluster containing pools are brushpiles and undercut banks.
Pools provide a resting area for fish from the pressure of
predation. The addition of undercut banks and brushpiles
helps to diversify the components of the pool environment and
perhaps the resulting variety of fish species as well.

The distribution of habitat frequencies shows that a
lack of balance exists between pool type habitats and the
faster flowing riffle areas. Pools outnumber riffle habitats
by a factor of more than two to one. This is a discrete
ratio. It indicates that there is a significantly high
probability of encountering a stream with large reaches which
are devoid of riffle habitats. This program did not assess
the intraspecific diversity of habitat frequencies at each
sampling location (i.e. # of pools vs. # of riffles). Puture
studies may want to expand this measurement to include
accounting for the variation in the number of habitat types
present within a given reach of stream.

Fish Community Structure.

Characterization of the fish community structure for the
streams sampled as part of this study was accomplished
through cluster analysis. The use of the Karr Index also
assisted in the evaluation of the fish community by scaling
the fishery content on the basis of nine attributes. EPA
published a national list of intolerant fish species,
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omnivore fish species, and top carnivore fish species in the
technical support manual for conducting UAA (37). Future
attempts to scale the fishery in UAA using the Karr Index
should expand upon the set of attributes used in this study.
Inclusion of the proportion of omnivores and intolerant fish
species should be based upon a similar list of State species
for each category. This could be accomplished by the
creation of a bioligical working group. Their task would be
to create the list of species and categories of attributes
use in future indices.

The cluster analysis of fish represented in FPigure 26
was developed through UPGMA cluster analysis of Jaccard
Co;fficients. This group of 24 fish species contains the
group of most commonly associated fish species as determined
by the 1982 UAA sampling program. Three species are top
carnivores, seven are members of the national 1list of
omnivores, ten are potentially fishable varieties and one is
a member of the national list of intolerant fish species.

The cluster presented in Figure 26 can serve as the
reference group of fish species which characterized the
degree of use attainment on the basis of cluster analysis.
The remaining clusters identified in Pigure 26 represent

groups of species whose occurrence at a given location may be
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a function of range limitation. Inclusion of members such as
the Percidae and some of the Cyprinidae as members of this
group in a separate reference community for eastern Oklahoma
should be considered. Evaluating the reference community for
use attainment via cluster analysis should be performed on an
ongoing basis during each triennial review. Expanding the
UAA database to include more streams might well produce a
cluster which exchanges or adds different species to the
reference community. The major emphasis of this research was
to illustrate the capabilities of techniques like cluster
analysis in meeting the complex data management needs
inherent to UAA. The production of this group seems to
illustrate this utility quite well.

The coupling of R-mode UPGMA cluster analysis with
indices such as the Karr Index can help support
recommendations for redesignation by associating station with
similar fishery contents and or Karr Index scores. The high
loading obtained by the Karr Index in factor analysis
indicates it is a good choice for measuring sample variation.
This value is significantly enhanced by the assignment of the
quality index classifications associated with this index.

The combined cluster analysis of fish, invertebrate,
habitat and substrate variables presented in Figure 35b

contains 80% of the species referenced in the previous
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paragraph. This cluster presents these fish species in
association with the commonly occurring varieties of
invertebrates, habitats and substrates. The dominance of
pool type habitats and depositional substrates are placed

within a cluster associating specific varieties of fish and

invertebrate taxa.
Invertebrate Community Structure.

Assessment of the characteristics of the invertebrate
community structure consisted of the application of cluster
analysis and the use of biotic indices. Invertebrates were
discussed in Chapter Two as having been recognized by many
researchers as having better suitability for assessment of
water quality than the use of fish., The question of whether
to use invertebrate or fish indices to rank the quality of
the biological attributes has to be addressed by the agency
making the final recommendation on the choice for
redesignation. A comparison of those streams ranked as poor
by the Karr Index with those ranked as poor by the Chandler
Score showed agreement for 9 out of the 21 stations ranked
poor by both indices. 1In addition, two of the stations
received opposite scores for fish and invertebrate indices.

Cluster analysis of the invertebrate taxa grouped the

organisms on the basis of UPGMA clustering of Jaccard
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Coefficients. Pigure 29 presented the cluster of the most
commmonly associated groups of invertebrate taxa. Most of
these organisms are also present in the combined
classification presented in Figure 35b. The display of the
R-mode cluster analysis of the invertebrates yielded a lower
cophenetic correlation coefficient than that calculated for
" the fish dendrogram. Nonetheless, coupling the Biotic Index
and Chandler Score values with the associations illustrated
by cluster analysis can provide additional supportive
documentation for proposing redesignation.

The Secondary Warm Water FPishery.

The goal of UAA is to identify the prevailing conditions
present in streams considered by States to be candidates for
modification of benefical uses. The secondary warm water
fishery designation introduced in the 1982 revisions of the
Oklahoma Water Quality Standards represents a modification of
the fish and wildlife benefical use criteria applied in
previous standards. The ability of the State to support
these redesignations with sound technical scientific data is
referred to as supportive documentation. The methods
employed in this research are meant to serve as helpful
stepping stones which can assist the state in compiling
supportive documentation during future UAA studies.

EPA defines the current level of aquatic use attainment
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as "the resident biota"™. "The prevailing chemical and
physical attributes will determine what biota will be
present, but little need be known of these attributes to
describe current uses®™ (37). This attitude, reflected in the
above guotation taken from EPA's UAA methods manual, directs
the emphasis of UAA to serving only a descriptive role. This
research fulfilled that goal. The ability to answer the
gquestion of what "secondary" warm water fisheries are and
what factors differentiate them from "primary®™ warm water
fisheries does not seem to fall within the present range of
assessment techniques applied in UAA. This conclusion is
reinforced in this research by the inability to associate
environmental and biological variables in factor analysis.
Puture UAA which seek to differentiate secondary and primary
warm water fisheries should enhance the quality of
environmental measurement. Coupling UAA with wasteload
allocation monitoring could help provide the necessary data
to correlate cause and effect based on water quality and
water quality modeling data.

Oklahoma's UAA study was conducted in a focused manner.
It was designed to assess the current biological health of 16
rather polluted streams. The clusters of fish and

invertebrates discussed in Chapter Three depict the
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associations of biota which commonly occurred in these
streams., Determining the desirable species which a given
D.0. criteria are to protect is the first step in the process
which may warrant one stream's biota more protection than
another. Methods such as clustet'analysis, and Biotic
Indices can serve the needs of the State in determining which
streams to redesignate and which streams require maintainence
of existing standards.

If secondary warm water fisheries exist in Oklahoma then
the clusters of common fish and insects (Figures 26 and 29)
discussed in Chapter Three provide some reference of the
makeup of these communities. The decision to eventually
redesignate one stream still remains an administrative
responsibility which blends the scientific data from UAA with
other factors such as economic impacts. The question of what
biota are being afforded protection can now be answered and
the justification or lack of justification for redesignation
can therefore be based on this scientific documentation. As
a result the question of what a "secondary" warm water
fishery is remains unanswered by UAA, It is left up to the
public forum of the standards setting process to decide such
a designation. Now at least, this can be accomplished with a
full disclosure of the existing attributes of those streams

chosen as candidates for redesignation.
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Recommendations For The Future.

The future of UAA for Oklahoma undoubtedly will require
refinements which extend the detail of analysis to answer the
questions posed during each Standards' revision. This
research, while answering many of the questions regarding how
to analyze and present the data collected through the
application of UAA, raises thoughts in the mind of this
researcher which are presented in the form of recommendations
for use in future UAA studies and Oklahoma Standards'
revisions. These are summarized in Table 20.

The major thrust of these recommendations are the
elimination of the terms "primary” and "secondary® warm water
fisheries and the formation of an academic advisory group
referred to as a biological working party. Replacement of
the present terminology by categories of warm water fisheries
follows trends set by states such as Wwisconsin which are
outlined in EPA's Water Qualjity Standards Bandbook (36).
These categories allow the State to set D.O. criteria at
various levels based on the assemblage of aquatic organisms
inhabiting the stream and their relative tolerance or
sensitivity to pollution. The biological working party, when
first convened by the State, would develop the supportive

documentation on the lists of biota which characterize each
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category or are used in a specific index to scale the quality
of the fish, invertebrate or algal species composition.

The continued use of the terms "secondary" and "primary”
as fish and wildlife beneficial uses in Oklahoma will require
the State to better define these terms in respect to their
individual biological attributes. This researcher does not
believe that a "secondary" (second rate) community exists in
Oklahoma. Rather, and as I believe this research points out,
levels of biological integrity persist in the environment
based on the degree of pollution tolerance which an
assemblage of species inherently possesses. These
attributes, reflected in the species composition, are better
segregated by recognition of classes which are subdivisions
of one ecological definition, that of the warm water fishery.
If not then Oklahoma truly is the birthplace of a new and

undoubtedly distinct environmental category.
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MAJOR RECOMMENDATIONS
The terms "primary" and "secondary® warm water fisheries
should be eliminated. Détermination of D.0. criteria for
streams which contain assemblages of more pollution
tolerant aquatic organisms should be done as part of the
overall site specific standards designation process.
Warm water fishery designations should be subdivided on
the basis of the biological attributes of the aséemblage
of aquatic organisms inhabiting the stream proposed for
redesignation,
UAA should serve as a rapid qualitative assessment
technique designed to identify those streams (out of the
list of redesignation candidates) which are presently not
supporting the most desirable level of use attainment.
These streams then enter the protocal for proposing site
specific standards with the designation of appropriate
quality criteria.
Categories or classes of warm water fisheries should be
developed which stagger the D.0. criteria set through the

site specific standards process.

Table 20. Major Recommendations for Conducting UAA Studies
and Revisions in Pish and Wildlife Beneficial Uses.
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MAJOR RECOMMENDATIONS

Proposed warm water fishery classes:

Class A- Warm water fishery capable of supporting a diverse

assemblage of intolerant species of fish and
macrobenthos and desirable sport fish. D.O.
criteria at or above 5.0 mg./l.

Class B- Warm water fishery capable of supporting a limited

number of intolerant fish and macrobenthos. Some
desirable sport fish present. D.O. criteria set
through site specific standards designation process
and ranging between 5.0 and 3.0 mg./1.

Class C- Warm water fishery dominated by tolerant fish and

macrobenthos. Desirable sport fish are rarely
present. D.0O. criteria set by site specific
standards process at or below 3.0 mg./l.
In the latter two classes, the State will develop plans
to improve the level of use attainment, where
economically feasible, as part of its continuing planning
process for water quality management,
Puture UAA studies should develop a biological database
on the species composition of reference streams.
The State should contract with the academic community in
the State to organize a biological working party. This
group, working with agency biologists, would have the
responsibility of developing the list of representative
biota which exemplify the level of use attainment
typically found in the three warm water fishery classes.
This group would also have the responsibility to
formalize lists of taxa for use in scaling the quality of
the streams by application of biological indices (e.q.

RKarr Index, and Chandler Score).

Table 20 (cont.). Major Recommendations for Conducting UAA
Studies and Revisions in Pish and wWildlife Beneficial Uses.
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SECTION 1
INTRODUCTION

The purpose of doing one day site specific surveys is to assign
beneficial uses to streams for a relatively low cost. It is not
economically feasible to do surveys of all streams in a state using

expensive {ntensive stream surveys.

A1l states have assigned beneficial uses in the past, sometimes based on
{nsufficient data. In order to assign realistic and relevant beneficial
uses to a state's streams, sufficient data msust be obtained. Stream
data are difficult, time consuming and expensive to acquire. Therefore,
it is cost effective to use different levels of data acquisition

depending on "the difficulty in assigning beneficial uses.

First, a literature survey sust be performed on all streams. This
survey should review all available data toc determine the suitability of
beneficial uses assigned in the standards. A basis for determining the
suitability of beneficial uses is described in the Oklahoma Water
Resouces Board (OWRB) Task 141. In a majority of cases, the
recommendation from this previous process will be either no changes in
the assigned beneficial uses or changes which tend to make the Water
Quality Standards more stringent. In these cases the recommendations
are submitted to the Standards revision process without further review.
However, in some cases, changes in beneficial uses which tend to make

the Standards less stringent will be recommended. When this occurs the
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tﬂe day site specific survey must be performed. It will be shown that

in a majority of cases beneficial uses can be submitted to the standards

revision process using this technique. However the one day survey is

not adequate for some streams, and for these a complete survey as

recommended in the EPA guidelines must be used to make adequate

beneficial uses recommendations.

During the recently completed Oklahoma Water Quality Standards revision
process, a literature survey was performed for more than half the state
streams. Sixteen streams were identified for changes in the beneficial

uses which could result in less stringent standards.

All these streams were impacted by pollution from municipalities (Figure
1). Site specific surveys were completed along these streams during
September and October, 1982, to establish the existing physical,
chemical and biological conditions in these streams. The results of
these surveys were used to decide-vhat uses were attainable with
technology based control (TBC) for point source pollution and best
management practices (BMP) for nonpoint source pollution (FR

210:49234-49240, October 29, 1982).

The site specific surveys addressed three kinds of beneficial uses: 1)
primary or secondary warm water fisheries; 2) primary or secondary body
contact recreation; and 3) public and private water supply (Appendix A).
It was the objective of the surveys to collect adequate local

information to assign realistic uses with minimal expenditures of time

and resources. The methodology of the surveys reflected this objective.
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Figure 1. Locations of the streams surveyed during the one day site
specific surveys and the associated municipalities.
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The surveys were one day qualitat%ﬁé assessaents of the biological
health, water gquality, and physical habitats of the streams (Table 1).
The pollution impacts of the sunicipalities were assessed by sampling a
site in the control Zone (upstream from the municipality), impact zone
(below the municipal treatment works), and recovery zone (some distance
downstrean vhire the biota had recovered to the condition equivalent to
that of the control 2one). A basic assumption of the study is that each

site refiected the conditions of the stream in that zone.
SECTION 2
SURVEY TEAM PERSONNEL

Surveys were completed by field teams consisting of efther three or five
individuals. * The team consisting of five individuals included: 1) a
tean leader who coordinated field trips, maintained a work schedule,
selected sampling sites, and also collected fish; 2) a biologist who
collected fish and field identified the fish species; 3) a biologist who
collected benthos and ficld identified benthos taxa, usually to the
level of genera; 4) a hydrologist who made Hydrolab® and hydrological
measurements; 5) and a biologist who assisted in benthos collections.
The three man team consisted of: 1) a3 team leader who also collected
fish; 2) a hydrologist who also collected fish; and 3) a biologist who
collected benthos. Biological collections made by the three man team

were identified in the laboratory.
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Table 1. Components of the one day site specific surveys.

PUBLIC AND PRIVATE WATER SUPPLY PRIMARY BODY CONTACT RECREATION

Presence of: Ease of access
Upstream discharge Adequate depth
Downstream reservoir Acceptable substrate
Perennial flow Signs of human use

High conductivity values

PRIMARY/SECONDARY FISHERIES

Descriptions of:
Composition of stream substrate
Fish habitat
Benthos habitat
Potential fish species
Potential benthos taxa
Fish collections and identifications
Benthos collections and identification
Hydrolad measurements (temperature, pH, DO, conductivity)
Hydrological measurements (width, average depth, average
velocity, flow)
Bank stability
Distribution and types of bank cover
Land use
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FIELD METHODOLOGIES
Site Selection

Tentative sites were chosen from topographic maps before entering the
field. Sites were chosen on the basis of probable access points.
Usually, two or more of the tentative sites were visited in each zone.
Sites were considered for their capacity io represent conditions in that
20ne and for their physical similarity to sites in other zones, e.g.,

substrate, flow, and availability of fish and benthic habitat.

In general, the selection of sites was constrained by the availability
of access and the one day study period of the surveys. It was difficult

to sample representative sites along a stream.

A stream section was not sampled if: 1) it was an intermittent stream
and there was no flow in that section; 2) the water was septic and
unhealthy to sample; 3) the stream was too wide or deep to be
effectively sampled by the site survey methodology; and 4) the stream

emptied intd a larger one before a recovery 2one developed.

Primary Body Contact Recreation/Public

and Private Water Supply Suitabilitv

Primary body contact recreation and public and private water supply
suitability were determined by filling out check sheets at each site
10
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(Appendix B, Example 1). The major determinants of primary body contact

recrestion were ease of access, suitable depth and substrate for

swisming, and evident conditions affecting human health. The primary

factors for public and private water supply were unhealthy discharges

into the stream and perennial flow.

Primary/Secondary Warm Water Fisheries

Site specific surveys for fish and wildlife propagation were conducted
to provide sufficient data to designate primary and secondary warm water
fisheries. This is a difficult task, but an extremely important one.
The dissolved oxygen standard for the receiving stream is determined by
the type of warm water fishery designated. This in turn determines the
type of publicly owned treatment works (POTW) required to protect the

assigned beneficial use.

First, it must be determined if a depressed fishery exists in a
specified stream reach. If this is the case, then the cause of the
depressed condition must be assessed. If the cause is determined to be
natural (e.g., habitat related) then the reach is automatically
designated a secondary warm water fishery. If the fishery degradation
is due to man's activities, it must be decided if it is feasible to
reduce pollution to a level where the primary designation would apply.
Since levels of treatment beyond secondary are not generally feasible in
Oklahoma at this time, the simple modeling accomplished in 208 Task 141
is sufficient to determine the dilution flow required to protect a

primary fishery with good secondary treatment. Therefore, when the

u
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dilution flow is less than the vi?&gs vbtained using the Task 141
sethodology and local conditions do not mitigate the effects of
secondary POTW effluent, then it is not feasible to obtain a primary
fishery unless the local population insists on paying for advanced waste
treatment. The factors which must be analyzed to determine a

primary/secondary warm water fishery are listed below.

Bank Characteristics and Land Use

At each site stream banks were characterized by descriptions of
vegetative cover and assessments of bank stability (Appendix B,
Example 2). The evaluations were used to determine the likelfhood
of erosion. Land use in the immediate area was also recorded to
suggest possible sources of pollution to the stream.

Water Characteristics

The temperature, pH, conductivity, and dissolved oxygen (DD) of the
water were recorded at each site (Appendix B, Example 2). These
measurements were taken as vertical profiles where depth permitted.
Dissolved oxygen measurements were the best indicators of water
quality. Very low levels of saturation or high levels of
supersaturation were considersd indicators of organic and nutrient

Toading.

Hydrological measurements were made by the methods described by

Lind (1979). Adeguate flow was the most important hydrological

12
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characteristic. Streams with intermittent flow presented a

physical limitation to the biological health of the stream.

Evaluations of Potential Fish and Benthic Taxa

Fish

The potential fish and benthic invertebrates that might inhabit
each site were listed (Appendix B, Examples 3 and 5). The habitat
that would support each taxa was also listed. For example, the
channel catfish ( Ictalurus punctatus) might be listed as a3

potential species found beneath an undercut bank.

Potential species evaluations were made after the collections had
been completed. It was then that the field crews knew what
habitats were available to the organisms. Bias because of
collections was minimized by choosing potentia) taxa based solely

on the quality and availability of habitat.

Collections

Fish were collected and preserved or analyzed in the field by
methods similar to those described by EPA, 1973. Generally, two
workers collected fish with 0.18 inch mesh x 6 feet deep x 10 or 20
feet long seines for 0.5 hour or one man-hour. This method gave
good qualitative estimates of species richness and relative
abundance in smaller streams. In streams more than 3-4 feet deep

and 30-40 feet wide the fish were able to avoid the seine.
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The results of the collections were recorded as: 1) an overall
description of fish habitat; 2) the substrate composition; 3)
species collected; 4) their relative abundance (rare, occasional,
common, abundant); and 5) the specific habitats in which the fisn
“'t' collected (Appendix B, Exaaples 3 and 4).

Benthos Collections

Benthos were also collected and preserved or analyzed in the field
by methods similar to those described by EPA, 1973. Benthos were
usually collected with dip nets by two workers for 0.5 hours or one
san-hour. In some of the smaller streams 0.5 man-hours were
expended to collect the qualitative samples. Organisms were
collected from woody detritus and large rocks by picking them

directly from the substrates.

Odonates, ephemeropterans, trichopterans, amphipods, coleopterans,
gastropods, pelecypods and dipterans other than chironomids were
identified as genera and, sometimes, species. Chironomids were
identified to the subfamily level. The results of the benthos
collections were recorded in the same manner as those for the fish

coliections (Appendix B, Examples 5 and 6).
SECTION 4
EVALUATIONS OF USE ATTAINABILITY

The attainability of public and private water supply and primary body
34
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contact recreation was decided by OWRB staff members. The field

evaluations for these uses were compiled and considered in the context

of local economic and social factors. These factors were primarily

those issues brought out at public meetings related to the water quality

standards process and through Tetters to the OWRB.

The designations of primary fishery and secondary fishery were
controversial choices. These uses were very f{mportant to citizens of
the affected communities, municipal goverrients and environmental
groups. Choices of primary fishery or secondary fishery were also the
most technically difficult choices because they required an
understanding of the biological health of the streams.

Methods of Evaluations for Primary and Secondary Warm Water Fisheries

It was necessary to interpret the results of the site specific surveys
within a framework which allowed decisions about use attainadbility.
This criteria was met by evaluating similar sites as pair-wise
comparisons. Thirty~four sites on the 16 streams were grouped on the
basis of water velocity and the type of substrate; fast/rocky,
moderate/sandy, wmoderate/clay, and sluggish/clay (Table 2). The
groupings are narrative and only approximate the existing conditions at
one point in time; their purpose was to divide the sites into manageable

groups for the pair-wise technique.

Within each group, edch site was compared with all others by

consideration of four parameters: 1) water chemistry; 2) physical

15



SURVEY DRAFT April 4, 1983

203
Table 2. Classifications of sampling sites by substrate and flow.

Moderate/Clay Moderate/Sandy
Skeleton (D) 1 North Canadian, OKC (U)
Dog (D) North Canadian, OKC (1)
Pryor (D) North Canadian, OKC (D)
Elk (1) North Canadian, WD (U)
Elk (D) North Canadian, WD (I)
Big Cabin (D) North Canadian, WD (D)
’ Chishoim (1)
Sluggish/Clay Chishola (D)
Rush (U)
Stillwater (U) Rush (1)
Little Deep Fork (U)
Muday Boggy (U) 11 vewoka (D)
Pryor (1) Skeleton (V)
South Canadian (D)
Fast/Rocky Little Deep Fork (1)
Little Deep Fork (D) -
Skeleton (1) Stillwater (I)
Dog (V)
Pryor (U)
Coal (U)
Coal (D)

Wildhorse (U)
Chisholm (U)
Muddy Boggy (I)
Muday Boggy (D)
8ig Cabin (U)

U = Upstream WO = Woodward
0 = Downstream OKC = Oklahoma City
I = Impact

16
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habitat; 3) fish species richness, composition and relative abundance;

and 4) benthic taxa richness, composition and relative abyndance.

As a parameter was compared between two sites, a value of “1" was given
to the better site, "0" to the worse site and, “i" to each site if they
were considered comparable for that parameter (Amiandix C, Example 1,
Part I). For instance, in Example 1, the esvaluator considered the
downstream site (site A) on Skeleton Creek to be comparable to the
downstream site on Dog Creek (site B) for water chemistry. Each site

received "&" in that comparison.

The organization of the matrices used for pair-wise comparisons is also
shown in Example 1 (Part ]I). For example, sites A and C are compared
in rows A and C, column 2 (cells A, and C;). Sites A and D are compared
in cells A; and D;. Sites A and E are compared in cells A  and E,.
Sites A and F are compared in ce!]s Ag and Fg. Each new set of
comparisons begin to the right of the shaded cells. As final examples,
sites D and E are compared in cells Dy and E,; sites D and F are

compared in cells D, and Fg.

The pair-wise comparisons were completed by OWRE members of the field
team and by an cutside committee of experts in water quality from
academia and government. The outside committee provided peer review for
the methods of data collection and interpretation. Most importantly,
the committee provided & set of comparative judgements about the
existing and potential biological health of the sites so that fair

assessments of use attainadility could be developed.

17
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Effective presentation of the nsuﬁgsns the key to accurate judgements .
by the outside committse. Slides previded the best information about
the physical habitat. Dissolved oxygen was presented as concentration
(eg/L) and as percent saturation. Benthos collections were presented in
tarms of the richness and relative abundance of tolerant, facultative,
and intolerant genera. Lists of potential benthos were not presented
because the potential benthos were only {ndentified to the level of
family during surveys completad by the thrse man team. The potential
species and the richness and relative abundance of the collections were

presented for fish.

Members of the field team completed the pair-wise comparisons by the
same methodology as the outside committee. However, the field team
discussed the sites based on personal recall. Pgir-wise comparisons
were still made as individuals. Diverging opinions are apparent in the

final rankings.

Site Rankings and Statistical Analyses of Ranks

The results of the pair-wise cosparisons were analyzed by a
non-parametric two-way analysis of variance (ANOVA)(Wilcoxon and
Wilcoxon, 1964). The sites in each group were ranked for each parameter
based on the total numerical scores for each site (Appendix C, Example
1). The site with the lowest total was given a rank of "1". Ties in
scores were given the average of two consecutive ranks. For example, if
the ranks were "3" and "4" each site would be given the rank 3.5. The

highest total was given the highest rank. The ranks of all evaluators

18
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for a parameter for a site were added as a subtotal for the parameter,

e.g., Benthos (Appendix C, Example 2). The four parameter subtotals

were added as the total numerical rank for the site.

Di fferences in site ranks were calculated for all possible combinations
of sites (Appendix C, Example 3). Differences among ranks at the 95
percent 'confiden:t Tevel were considered significant. When two ranks
were significantly different, the higher rank was interpreted as
indicating a PF; the lower rank indicated a SF. For {nstance, in
Example 3 the difference between sites A and B was 29.5. This
difference was greater than the significant difference of 26. The tota)
rank for site A was 33 and the total rank for site b was 63.5,
indicating that the stream reach around site A was & SF and stream reach
around site B was a PF. Sites which were not significantly different
could not be assigned a fishery status by this statistical analysis.
These sites were assigned a8 use by further discussion among members of

the field team or designated for further study.

The comparative results of the evaluations by the field team and the
outside committee are shown {n Table 3. The two groups gave the sites
the same rank in 25 of 36 instances (69X agreement). Since the process
was developmental, this is an acceptable amount of agreement. Eleven of
36 (31X) of the evaluations made by the field team were statisticly
indeterminate. Seventeen of 36 (47%) of the outside committee

evaluations resulted in indeterminate designations.
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Table 3. Comparisons of use designations based on sites rankings by
the field team and the outside committee.

STREAM SITES
TP TWPACT BOWN
S

Big Cabin

Coal

Chisholm
Stillwater

Pryor

Little Deep Fork
Dog

Skeleton
Wildhorse

Muddy Boggy
Wewoka

gk

S. Canadian

N. Canadian (OXC)
N. Canadian (Woodward)
Rush
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The larger number of indeterminate designations by the outside committee
is not surprising. A visit to the site was of primary value in
evaluating a site. If the field data was not presented clearly, the

judgements by the outside committees were necessarily indeterminate.

The final use designations published in the 1982 Oklahoma Water Quality
Standards are presented in Tadble 4. The Standards have been adapted to
approximate the study zones of the streams. No changes were made in the
fishery status of Big Cabin Creek, Pryo; Creek, Elk Creek, Stillwater
Creek, and the North Canadian east of Woodward. These streams demand
further study. Seines were ineffective 7or sampling the fish

_ populations in Pryor and Big Cabin Creeks. The fish collections did not
represent the population in these streams. Both groups of evaluators
gave indeterminate rankings to all sites on the North Canadian and two
of the three sites on Elk Creek. Obviously, the methodology did not
provide sufficient information to assign fisheries uses to these sites.
Stillwater Creek was heavily impacted by the municipal treatment plant.
The final fishery designations for that stream are pending the results
of an economic study to determine {f the local cosmunity will

financially support advanced treatment (AT).

The final uses listed in Table 4 are choices in which the biology of the
streams §s put in the context of the social and economic considerations
of nearby communities. Once the survey had established the existing
conditions in the streams, it was possible to deteranine if a PF was
attainable by TBC and BMP. The results of the surveys suggested that

depressed fisheries were caused by organic and nutrient loading from
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Table 4. The 1982 Oklahoma Water Quality Standards Fishery for the
one~day site-specific survey streams.

STREAM SITES

up IMPACT DOWN

Big Capin* px px p=
Coa! P S S
Chisholm P P P
Stillwater® px p= px
pryo [l Pﬂ P' Pﬂ
tittle Deep Fork P S P
Dog P S 4
Skeleton P S P
Wildhorse P p

Muddy Boggy P (4 P
Wewoka S S S
E1k*® p* p* px
Canadian, S. Fork S S S
N. Canadian (OKC) S S 4
N. Canadian (Woodward)* p p* px
Rush . P S

® Zones will be studied more intensively to determine the existing
condition of their fishery.

22
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municipal treatment plants. This loading, probably by limiting the

availaple DO, eliminated sport fish and intolerant benthos from the

impact zones. Clearly, the uses of many streams were impaired by human

inputs.

Models of wasteload allocations to these streams showed that AT was
necessary to achieve a PF {f local conditions did not mitigate the
effects of the loading and at present support a PF (OWRB 208 Task 141).
Since AT is not funded by the EPA Construction Grant Program, the cost
of the treatment facilities would fall on the sunicipalities. In these
cases a PF was not appropriate because the municipalities generally
cannot afford this cost. In short, benefits would usually not be

commensurate with costs.

SECTION S

CONCLUSIONS AND RECOMMENDATIONS

The survey methodology and the ranking system was directly applicable to
determining the attainability of uses. The one-day site survey is an
effective too! in determining the local conditions in many streams.
Physical descriptions of sites along with hydrological measuresents
allowed judgements about the biological potential of the habitat. This
assessment was also reflected in the potential species 1ists. Chemical
measurements provided {nformation about existing water quality. The
fish and benthos collections gave good qualitative estimates of the

biological health of the streams. The integration of these components
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in the ranking system produced use designations for the stream segments
based on their quality relative to similar areas. These uses could then

be considered in the context of social and economic considerations.

The survey itself was cost effective. The cost to survey 16 streams was
$11,263.00. Data were collectsd for the determination of three
beneficial uses at a cost of $704.00 per stream. This methodology is an
inexpensive tool with which to assess use attainability based on local

conditions.

The entire use attainability process was developmental and modifications
to the process are expected. Constructive criticisss have been made and

it is hoped that they can be incorporated to improve the process.

The suggestién was made that the field data should be interpreted by
comparison with an objective set of criteria defining primary and

secondary fisheries in Oklahoma. Regulators would be better able to
select attainable uses if the results of surveys could be evaluated by

criteria that were understood by all concerned parties.

These objective criteria do not exist at present. The site-specific
surveys have begun to provide a data base for that goal. The
development of these criteria will demand a long term effort. Possibly,
criteria can be developed on a regiona! basis or according to major
stream characteristics, i.e. substrate and flow. It is doubtful that a
statewide set of criteria can be developed that will account for the

pnysical variability among streams in this state. It is recommended
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that the OWRB, along with other interested parties, develop sets of

criteria with which to evaluate the biological health of Oklahoma

streams.

Other criticisms have addressed the ranking methodology. One issue is
how groups of sites are chosen. The total data base must be broken down
into managable components for the pair-wise cosparison. The defining
characteristics of some groups of sites may better define some sites
than others. The result is that some sites within a group are more
comparable than others. It is recommended that a standard format be

developed to classify streams for the pair-wise comparison.

A final issue is if the ANOVA is appropriate for determing fishery uses
in groups of streams that vary in natural biological potential. 1In
other words, is the relative comparison of streams grouped as
clay/sluggish as valid as distinguishing among streams designated as
fast/rocky? Yes, because both streams have a preferred fishery
(primary) and thus a scale of degradation. A primary fishery may be
less diverse in a stream that has less biological potential but it does

exist and can be so designated.

In summary, the methodology of this survey provided comparative
information about the existing and potential biological health of
streams. The pair-wise comparison and non-parametric ranking
methodology fitted the field information into a fnnework of use
attainability., The overail process is a simple, inexpensive tool by
which use attainability for many smaller streams can be determined on

the basis of local conditions.
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APPENDYX A
DEFINITIONS OF BENEFICIAL USES

BENEFICIAL USE DEFINITION
PRIMARY WARM WATER Water quality and habitat adequate to support
FISHERY sensitive warm water fish species in abundance.

Environment suitable for a full range of warm
water benthos. There shall be a minimum of
seventy (70) perecnt saturation for dissolved
oxygen at all times exezpt at temperatures
below 20°C where 00 is no lower than 6.4 mg/L
shall be maintained.
SECONDARY WARM WATER Water gquality ll;d habitat not adeguate to
FISHERY support sensitive warm water fish species in
sbundance. Environment not suitable for the
full range of warm water benthos. There shall
be a forty-five (45) percent saturation level
for dissolved oxygen at all times except at
temperatures below 20°C where a 00 is no lower

than 4.1 »g/L shall be maintained.

PRIMARY BODY CONTACT Involves direct body contact with the water
RECREATION where & possibility of ingestion exists. 1In

these cases the water shall not contain
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chemical, physical or biological substances in
concentrations that are irritating to skin or
sense organs or are toxic or cause illness ypon
ingestion by human beings. Numerical limits to
the concentrations of fecal coliform bacteria

are stipulated for the susmer sonths.

SECONDARY BODY CONTACT The water quality requirements for Secondary
RECREATION Body Contact Recreation are usually not as
stringent as for Primary Body Contact Recreation.
Secondary body contact recreational activities
include boating, fishing, wading or other
sctivities where ingestion of water is not
anticipated. Waters shall be maintained to be

free from human pathogens in numbers which may

produce adverse health effects.

PUBLIC AND PRIVATE The quality of the waters of the shall be
WATER SUPPLY protected, maintained and {improved, when
feasible, s0 that they can be used as & source

of public and private raw water supplies.

Drinking water standards dictate the quality of
water that should be achieved in a municipal
water distribution system without reference to
desirable raw water quality. Although it is

possible to renovate highly polluted surface
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waters to zt.}risc standards, the process required
would be both complex and expensive. Raw water
quality criteria have been developed to aid in
the selection of water sources so that the
water supply chosen can, by commonly proven
applied treatment processes, achieve the
drinking water standards, all within rtuionab1e
economic limits. Numerical limits to the
concentrations of fecal coliform bacteria are
stipulated for the summer months. Numerical
limits are also stipulated for toxic
substances, pesticides, and radioactive
materials. Waters shall be free of oil and
grease and the taste and odors that emanate

from petroleum products.
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Examples of Ranking
Hethods
EXAMPLE 1
GROUP A - CHEMICAL WATER QUALITY COLUMNS
PART 1
COLUMNS
SITES 1l 2 3 4 ) 6 7 8 9 TOTAL SCORE  RANK
Skeleton (down) A X 0 1 1 1
Dog (down) B % 0 1 1 1
Elk (uwp) C 1 1 £ 1 1 1l
Elk (impact) D o 6 0o - 1 1
g1k (down) E 0 0 0 0 0
Big Cabin (down) F 0 1] 0 0 1l
PART 11

Skeleton (down) A “ Az A; “ As A‘ A, A. Ay

DDQ (down) B Bl 83 B¢ Bs BQ 81 B. 39
Elk (up) C C, C. €, € C¢ C, Ca Cs
Elk (impact) D Dy D2 D3 D¢ D Dy Dg Uy
Elk (down) E Es E; Ea Ee Es Ee E, £

Big Cabin (down) F Fl Fz F; F‘ F; F‘ Fq F. F,

33



SURVEY DRAFT April 4, 1982
Appendix C
ExamoTe; of Ranking Zig
Methods EXAMPLE 2
SITES
OBSERVER A 8 o D £ F
ABENTHICS
1 2.5 6 1 4 2.5 5
2 2 5.5 2 4 2 5.5
3 2.5 5.5 2.5 2.5 2.5 5.5
TOTAL 7 17 5.5 10.5 7 16
AFISH
1 8 & 2.5 1 2.5 5
2 3 5.5 3 3 1 5.5
3 1 5.5 3.5 3.5 2 5.5
TOTAL 8 17 9 7.5 5.5 16
AHABITAT
b 1.5 5.5 3 5.5 1.5 4
2 2 5 3 6 1 4
3 2 4.5 4.5 4.5 1 4.5
TOTAL 5.5 15 10.5 16 3.5 12.5
ACHEMISTRY
1 4 5 6 1 2.5 2.5
2 4 5 6 2.5 l 2.5
3 4.5 4.5 6 3 1l 2
TOTAL 12.5 14.5 18 6.5 4.5 7
ATOTAL 33 63.5 43 40.5 20.5 51.5
AB’AF’AH’AC
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Examples of Ranking
Methods EXAMPLE 3
GROUP A

A B o 0 E F
A X 29.5 10 7.5 12.5 18.5
B X 20.5 23 43 12
C X 2.5 22.5 8.3
D X 20 11
E X 3l
F X
a=0.0%

Significant difference = 26
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