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This paper lists 179 species of fishes known in Oklahoma, two species which have been reported but may not occur, and
two abundant stocked hybrids. Nomenclature conforms with recent taxonomic revisions. Gross habitats for each species are
listed in order of preference for rivers, creeks, lakes, ponds, and swamps and sloughs. In order of occurrence in habitat, 170
species and the two hybrids occur in rivers, 154 species in creeks, 88 species and the hybrids in lakes, 52 species in swamps and
sloughs, and 32 species in ponds. In terms of diversity, nine species occur in only one habitat, 81 species and two hybrids in two
habitats, 58 species in three habitats, 16 species in four habitats, and 17 species occur in all five habitats. Mean numerical
scores tested against ����±2Sx, are used to classify all species as Intolerant, Moderately Intolerant, Moderately Tolerant, or
Tolerant of water quality changes and habitat alterations. The two intolerant categories contain 47 and 60 species respectively
for water quality and 84 and 43 species respectively for habitat. The tolerant categories contain 48 and 28 species respectively
for water quality and 41 and 15 species respectively for habitat. Forty-five species are equally tolerant or intolerant of
degradation of both water quality and habitat. Only 11 species are more intolerant of water quality degradation and 127
species are more intolerant of habitat degradation. This list will become the official tolerance classification for regulatory
purposes in Oklahoma upon adoption in the state water quality standards.

INTRODUCTION

Fish populations and community structure are important biological features analyzed for a variety of
regulatory, management, and academic reasons. Population size and community composition depend upon
ranges of tolerance of species to trophic and competitive interactions among organisms and to various habitat
and physical-chemical water quality factors. Analysis requires that habitat and water quality be defined and
judged with respect to the organisms indigenous to the regions of concern rather than to preconceived human
aesthetic concepts. For example, a fish that requires sand-silt substrate, alkaline pH, and gypsum or saline
waters in western Oklahoma may be just as limited by its ranges of tolerance as a fish that requires cool, clear,
gravel-bottom, mild pH, and soft waters in the highlands of eastern Oklahoma.

If a species is characterized by narrow ranges of tolerance, it is inherently sensitive to major natural or
anthropogenic changes in habitat or water quality factors, and its population will be reduced or disappear
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from the community following such changes. Therefore, the species may be described as "sensitive" for
purposes of ecological analysis, and "intolerant" of habitat or water quality degradation for regulatory and
management purposes. The terms "sensitive" and "intolerant" are interchangeable, and we have opted to classify
species herein as "intolerant" or "tolerant" on the basis of their relative "sensitivity" and reactions to changes or
degradation of habitat or water quality.

Previously, ecologists have applied Shelford's Law of Tolerance (1) to one or a few factors for one or a few
species of fishes as appropriate for a specific investigation or commentary. When the U.S. Environmental
Protection Agency (EPA) began funding ecological surveys under the federal Clean Water Act of 1972 to assess
attainable and attained uses of waters, it became useful to classify fishes as intolerant and tolerant in
assessments of environmental quality. The EPA provided a Technical Support Manual (2) which contains
national lists of 68 species that are intolerant and 36 species that are tolerant of, or prefer, bottom sediments or
high levels of turbidity as a reflection of habitat requirements, and a national list of 102 species and four genera
comprising 56 species that are intolerant of "water quality changes," "habitat alterations," or both. The latter list
includes 31 named species and the four genera include 32 species known to occur in Oklahoma. The EPA does
not intend the lists to be definitive but, rather, stated that "The list ... is intended to be used by knowledgeable
biologists as a rough guide to the relatively-intolerant fish species in their state." They also stated in another
context that "The list is intended to be used by knowledgeable biologists who are capable of adding and deleting
species where necessary to produce a list which is appropriate for the particular area of study."

Use-attainability assessments, ecological investigations, and perusal of relevant reference material revealed
that the national lists are incomplete for Oklahoma, at least one species is listed erroneously, and opinions vary
among fishery workers concerning intolerance of several species. For other species, no written opinions are
available. Our primary objective was to establish a standardized classification of all the known fishes of
Oklahoma with regard to their overall ranges of tolerance of habitat and water quality factors for regulatory,
management, and academic purposes.

METHODS

The first requirement of the study was to establish an official list of the fishes of Oklahoma, identify their
gross habitats, and standardize tolerance classifications so as to record judgment of a collective "knowledgeable
biologist" as required by EPA guidance (2) above. This was accomplished by enlisting the authors whose
individual and collective experiences have included collecting fishes and noting the conditions in which they
occur throughout Oklahoma and in all adjacent states.

Upgrading the list of fishes known in the state consisted of reconciling older and recent literature and
authors' unpublished lists, adding four species, and reconciling family and species nomenclature with recent
taxonomic revisions.

The updated list of fishes was provided to each author with instructions to list known habitats of each
species as lakes or reservoirs (L), ponds (P), rivers (R), creeks (C), and swamps or sloughs (S) in order of
frequency of collections or known preferences. Analysis consisted of listing all of the habitats reported, with
order of occurrence or "preference" determined by the number of authors reporting the habitat, refined further by
the order in which they were reported.

Instructions to the authors for classifying species in terms of tolerance of changes in habitat and water
quality required that quality be considered from the viewpoint of the species as discussed in the Introduction and
that tolerance or intolerance be judged in terms of a general application of Shelford's Law (1). The
aforementioned problem of occasional differences of opinion appeared to occur when one author believed that a
species was moderately intolerant while another believed it to be moderately tolerant, a much smaller difference
than indicated by the unmodified terms, tolerant and intolerant. This problem was solved by expanding the
classification to four categories — Intolerant (I), Moderately
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Intolerant (MI), Moderately Tolerant (MT), and Tolerant (T) — with sensitivity decreasing or tolerance
increasing ordinally. Concurrently, the expanded classification appears to provide more accurate description for
ecological commentary.

Each author ranked each species separately for habitat and water quality by using a choice of abbreviated
terms or numerical order, depending upon personal preference. The rankings were reduced to numerical data to
determine statistically tested means for consensus classifications of each species. To equalize the range of
values for each category, the difference between Intolerant (I = 1) and Tolerant (T = 4) (4 - 1 = 3) was divided
into four equal parts so that I = 1.0 to 1.7, MI = 1.8 to 2.5, MT = 2.6 to 3.3, and T = 3.4 to 4.0. Three to six
authors, mostly five or six, ranked each species. Standard deviation was computed for each set of data and each
set was compared with � ±2Sx. Data points that exceeded this range were deleted and � and Sx were recomputed.
Few data points were rejected. Therefore, all species were classified without requiring resolution of any
statistical uncertainty.

RESULTS AND DISCUSSION

Fishes of Oklahoma

Two comprehensive works published in 1973 included lists of the fishes of Oklahoma known at that time.
As might be expected, searches of more than a century of literature and sometimes-obscure taxonomic revisions
resulted in minor discrepancies between the two lists. Miller and Robison (3) provided taxonomic keys,
photographs of preserved specimens, and Oklahoma range maps for 165 species. They also cited two species
added by recent collections (total of 167 species). Moore's (4) historical perspective included discovery and the
earliest literature references to 166 species but stated that 168 species occurred in the state. The disparity
involved seven species, three in Moore's list and four in Miller and Robison's list. Cashner and Matthews (5)
resolved the differences between the lists and summarized the subsequent literature to verify documentation of
168 species in 1973 and 175 species reported in the state as of 1988.

Jester's and Pigg's continuously updated unpublished lists consist of 181 species which conform with
Cashner and Matthews' update of Moore's and Miller and Robison's lists with six exceptions. Cashner and
Matthews did not list the Ozark shiner which was reported by Burr et al. (6) in 1979 with subsequent collections
confirmed by Pigg (unpublished). Another addition is the rudd, reported by Pigg and Pham (7) after Cashner and
Matthew's paper was published. Two additional species were introduced into the state, both apparently in 1991.
The Oklahoma Department of Wildlife Conservation stocked mature or near-mature brown trout in a lake and a
river, and sport fishermen are catching the exotic bighead carp in one river into which it is believed to have
escaped from a flood-damaged privately owned fish hatchery in Kansas. The remaining two exceptions are
precautionary retention of the Mexican tetra and the stargazing darter by Jester and Pigg vs. deletion by Cashner
and Matthews because the latter authors believed the tetra to be extinct in the state and the darter to be extinct or
reported erroneously (5).

Reproduction and, therefore, possible naturalization of the two recently introduced species has not been
confirmed. Brown trout stocked in Lake Carl Etling at the western edge of the Oklahoma panhandle apparently
did not persist in the fish community, which usually is the case for brown trout in lakes and reservoirs.
However, it is surviving and growing rapidly in the Mountain Fork River tailwater of Broken Bow Reservoir in
southeastern Oklahoma. Whether it will spawn successfully and become self-sustaining is not known (Barry
Bolton, Oklahoma Department of Wildlife Conservation, personal communication).

The bighead carp is known in Oklahoma only from recent relatively numerous sport fishing catches
immediately downstream from a low-water dam in the Neosho River at Miami, Oklahoma (J. Pigg, manuscript
in preparation). All specimens reported to date are large, mostly 30 to 35 pounds (13.5-16 kg), and may
represent only an ephemeral immigrant population unless they spawn successfully. They spawn only in rivers
but may inhabit mainstream reservoirs downstream from spawning sites and ponds when they are
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stocked.
The list of fishes known or authoritatively reported to occur in Oklahoma at the present time consists of 181

species (Table 1). However, the Mexican tetra and stargazing darter probably do not occur in the state,
suggesting that the extant ichthyofauna consists of 179 species.

Wild hybrids, mostly small sunfishes (Lepomis) and shiners (Notropis), are reported occasionally and are
primarily of novelty interest. None of these are listed here. However, two hybrids, Morone and Stizostedion
crosses, are cultured and stocked in large numbers for sport fishing. These are listed for habitats occupied and
tolerance classifications in Table 1 because they are abundant and have major economic and ecological
importance where they occur.

Another feature of this list is conformity with recent taxonomic revisions and nomenclatural changes that
have been accepted in papers by the journal Copeia and by the Names of Fishes Committee of the American
Fisheries Society. These were summarized by Cashner and Matthews (5) and are not repeated here except to
resolve one difference between Cashner and Matthews and the American Fisheries Society. Mayden (8)
proposed elevating subgenus Extrarius of genus Hybopsis to a new genus which, combined with other changes,
causes Hybopsis to disappear. Cashner and Matthews listed Extrarius among their nomenclatural changes. The
American Fisheries Society (9) accepted disappearance of Hybopsis but rejected Extrarius. In Oklahoma, this
affected only Hybopsis aestivalis, which is referred to Macrhybopsis by the American Fisheries Society. We
follow AFS because their widely available published list (9) will result in wide acceptance of the name
Macrhybopsis aestivalis for the speckled chub for at least a decade.

Gross Habitats
Different species of fishes may thrive in a variety of aquatic habitats. Some species are specialized,

requiring narrowly defined microhabitats within a single gross habitat such as coarse-gravel riffles in cool
headwaters of highland creeks. Others are generalist and are found in several or all of our categories of habitat:
rivers, creeks, lakes, ponds, and swamps and sloughs. Descriptions of microhabitat requirements are beyond the
scope of this paper and unknown for many species. However, use of literature and extensive collections
statewide by these authors have provided knowledge of the gross habitats utilized by the species in the state and
trends of requirements or preferences for these habitats. Miller and Robison (3) listed the habitats from which
species on their list were collected. Their data serve as a point of departure for expanding the known list of
habitats occupied and preferred by the fishes of the state.

The Habitat column in Table 1 represents the authors' cumulative knowledge of gross habitats that are used
and the approximate order of preference for all species of fishes known to occur in Oklahoma. The order of use
or preference is shown by the order in which the habitats are listed where the habitat symbols are separated by a
space. The habitat symbols are separated by a slash where use or preference for two or more habitats is
approximately equal.

Sensitivity or Tolerance

Two columns under Tolerance in Table 1 are used to classify each species of fish in terms of its general
ranges of tolerance of water quality and habitat factors. Intolerance may consist of a high degree of sensitivity to
one, a few, or several factors which, separately or combined, have a major effect on the population. Conversely,
tolerance implies a low degree of sensitivity to a broad range of factors so that major changes are required in
order to have appreciable effects on the population.

Occurrence of a species in several gross habitats does not necessarily imply that the species should be
classified as tolerant of habitat degradation. While there may be some correlation, there are too many exceptions
for a rule. Therefore, gross habitats in which a species occurs is a separate and distinct characteristic from its
tolerance of changes in specific factors.

Notation in Table 1 which describes the sensitivity or tolerance of each species consists of a letter
abbreviation and two numerical values. The abbreviations
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represent classification of the species as intolerant or moderately intolerant (I and MI) or as moderately tolerant
or tolerant (MT or T) in descending order of sensitivity to changes in water quality and habitat. The first
number, without parentheses, is the mean score �  computed from the individual ratings provided by the authors.
It is the basis described under Methods for the categories represented by the letter abbreviations.

The second number, in parentheses, is the standard deviation Sx of the individual ratings. It was used in
� ±2Sx to determine acceptability of individual scores for use in computations and is shown in Table 1 as Sx to
indicate consistency of opinions among authors. Smaller values indicate greater consistency, to the end point of
Sx = 0.000 for a unanimous score. However, in some instances, a larger value may not necessarily represent a
greater range of individual scores. For example, the scores for one species may consist entirely of 1.0 and 2.0
but a larger standard deviation would occur if the scores were submitted by three authors than if they were
submitted by five or six authors.

An artifact of the use of numerical scores to classify fishes in the four categories is that mean numerical
scores with relatively small standard deviations may be used with considerable confidence to rank species
within each category, both overall and within families. The numerical scores reveal a few species that might be
considered to be "extremely" tolerant or intolerant. Six species received unanimous scores of 1.0 for intolerance
of changes in water quality and 15 species received unanimous scores of 1.0 for intolerance of habitat alteration.
However, only five species; the cypress minnow, duskystripe or cardinal shiner, peppered shiner, Ozark
cavefish, and banded sculpin, were rated 1.0 for intolerance of degradation of both water quality and habitat. It
appears, then, that these five species are the most intolerant fishes in Oklahoma.

Five species received mean scores of 4.0 for tolerance of water quality degradation and five species
received mean scores of 4.0 for tolerance of habitat degradation. Four of these, the rudd, black bullhead catfish,
mosquitofish, and green sunfish, were rated 4.0 for both water quality and habitat degradation. Among these, the
mosquitofish and the black bullhead are considered by many fishery workers to be the most tolerant freshwater
fishes in North America, and the four species certainly are the most tolerant fishes in Oklahoma.

The brown trout and bighead carp were introduced or discovered in the state after numerical analysis of
tolerance was completed and were incorporated into this paper after the manuscript was reviewed. Their
classifications without numbers in Table 1 represent consensus of the authors and the literature in general.

The longear sunfish is listed erroneously by EPA (2) as intolerant. It is classified as Moderately Tolerant of
both water quality and habitat degradation, with mean scores of 3.3 and 3.0, respectively, for the two types of
degradation. Also, numerous specimens have been collected from mildly polluted creeks (11).

Another fish deserving specific mention is the fathead minnow. This species is used extensively as the
subject for testing toxicity of water. Its mean scores of 3.7 for water quality and 3.5 for habitat degradation
(Table 1) demonstrate that it is among the more tolerant species and, thus, is of questionable value for testing
toxicity of water for less tolerant species.

Another conclusion drawn from these data is that many more species and, therefore, Oklahoma fishes in
general, are much more sensitive to, or intolerant of, habitat degradation than they are of water quality
degradation. Forty-five species, 24.6%, were judged to be equally tolerant or intolerant of degradation of both
water quality and habitat. Only 11 species, or 6.0%, are more intolerant of water quality degradation while 125
species and the two hybrids, or 69.4%, are more intolerant of habitat degradation.

CONCLUSIONS

The known ichthyofauna of Oklahoma consists of 179 species and two abundant hybrids in 27 families.
Two other species have been reported but probably are extinct or one of them was misidentified (5).

In order of occurrence of fishes in each type of gross habitat; 170 species and the two hybrids (172 =
94.0%) occur in rivers, 154 species or 84.2% in creeks, 88 species
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and the hybrids (90  =  49.2%) in lakes, 52 species or 28.4% in swamps and sloughs, and 32 species or 17.5% in
ponds.

A great amount of diversity was found within species in use of the different types of gross habitat. Nine
species (4.9%) occur in only one habitat, with the Ozark cavefish the most limited, occurring only in coolwater
creeks in some Ozark caves. No species is known to occur only in springs. The largest number of species, 81,
and the two hybrids (45.4%), occur in two types of habitat and the second largest number, 58 (31.7%), occur in
three types of habitat. Sixteen species (8.7%) occur in four types of habitat and 17 species (9.3%) occur in all
five of the types of habitat reported.

Several general conclusions were drawn under the discussion of sensitivity and tolerance above, and many
more general and specific conclusions could be drawn here concerning tolerance classifications of species and
arbitrary or natural groups of species. However, the objective of the study was to classify the fishes of
Oklahoma for regulatory, management, and academic purposes, which has been accomplished. Beyond this, we
have simply provided a list from which others may draw conclusions appropriate for their objectives.

In practice, fishes classified as I and MI should be categorized as Intolerant and fishes classified as MT and
T should be categorized as Tolerant in a general sense, with the four categories available for discussion of
relative degrees of intolerance or tolerance.

We do not intend to deny differences of opinion concerning sensitivity or ranges of tolerance of these fishes
to water quality or habitat factors, or in some taxonomic and nomenclatural questions. However, differences in
tolerance classification must be justified for regulatory purposes just as we have justified deletion of the longear
sunfish from the EPA list (2) and suggested that the fathead minnow is too tolerant for use as an indicator of
environmental quality.
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