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Synopsis

Principal components analysis was performed on fish presence/absence data for 39 common fish species from
410 stream sites in Kansas. The analysis confirmed ten ecologically meaningful fish assemblages, based on
species associations. Factor scores based on these assemblages were then clustered into six geographic areas
or fish ecoregions. Canonical discriminant analysis identified environmental variables that distinguished the
derived fish ecoregions. Mean annual runoff, mean annual growing season, and discharge appear most
important. Mean width, mean depth, chloride concentration, water temperature, substrate type, gradient,
and percent of pool habitat were less important. Correspondence exists between these fish ecoregions and
the patterns of physiographic regions, river basins, geology, soil, and potential natural vegetation in Kansas.
The multivariate statistical approach used to classify fish ecoregions should have considerable potential value
for fish assessment and management purposes in areas other than the state of Kansas.

Introduction

Assessments, management, and ecological knowl-
edge of the fish fauna of a large area such as a state
can be aided by stratifying the area into several
regions that are relatively homogeneous with re-
spect to ichthyofaunal assemblage patterns. Typ-
ically, studies of individual fish species do not ad-
dress the community or assemblage within which a
species exists. How an individual species integrates
into an assemblage of coevolved species, and how
this assemblage interacts with the environment are
not considered. Nor, with a few exceptions (e.g.
Huet 1954, Balon & Stewart 1983), has much atten-
tion been given to how differently an assemblage
responds because of environmental changes that
occur across large geographic areas. However, the
limitations of relatively simple, single-species ap-

proaches are being recognized (McHugh 1970, Re-
gier & Henderson 1973, Gulland 1977, Larkin 1977,
1978, Regier 1978, Kerr 1982).

For fish assessments or impact analyses, predic-
tive models built for each assemblage-defined ho-
mogeneous area can be expected to perform better
than single-species models built for large hetero-
geneous areas. Layher & Maughan (1984, 1985)
found that, unless the data were stratified by sam-
ple method, it was not possible to build satisfactory
single-species, multiple regression models to pre-
dict biomass of Micropterus salmoides, Lepomis
cyanellus, or Ictalurus punctatus in Kansas. It is
also very inefficient to build many, site-specific
models to assess a large area. The use of fish assem-
blages to identify regions of homogeneity provides
an effective mechanism to avoid this problem. Fur-
thermore, when correlations can be determfined
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between environmental variables and these re-
gions, the usefulness of the regionalization is
enhanced.

Recently, the increased speed and capacity of
computers have allowed the use and further de-
velopment of multivariate statistical techniques
that can simplify large, complex data sets. These
techniques have been used to classify the distribu-
tion of fish in Kansas (Smith & Fisher 1970); to
analyze fish distribution patterns in western and
central Oklahoma (Stevenson et al. 1974); to exam-
ine fish associations in the Kiamichi River,
Oklahoma (Echelle & Schnell 1976); to examine
fish associations in the Little River, Texas (Rose &
Echelle 1981); to determine patterns of stream fish
assemblages in Missouri (Pflieger et al. 1981); to
identify fish assemblages in northern Wisconsin
lakes (Tonn & Magnuson 1982) and to identify
ichthyogeographic regions in the Quebec peninsula
of Canada (Legendre & Legendre 1984). Classi-
fication techniques in these studies vary consider-
ably, depending on the available data and the use
of the classification.

The objective of this study is to use the multivari-
ate statistical techniques of ordination and classi-
fication to partition the state of Kansas into a rela-
tively small number of homogeneous areas, or fish
ecoregions, based on the distribution pattern of
stream fish assemblages. We identify environmen-
tal variables correlated with the fish ecoregions,
and we evaluate these fish ecoregions by compar-
ing them with patterns of climate, landform, geo-
logy, soil, potential natural vegetation, land use,
and land cover. We also compare our approach to
classifying aquatic ecosystems of Kansas with that
of others reported in the literature.

Methodology
Data

Data used in this study were collected from 1972 to
1978 by the Kansas Fish and Game Commission.!

! Kansas Fish and Game Commission. 1972-1980. Kansas
Stream Survey. (A series of river basin reports in two parts:
Phase I - preliminary inventory and Phase II - fisheries assess-
ments. There are sixteen Phase II Basin Reports, one for each
Kansas river basin.)

The sampling scheme specified that there be one
representative stream collection site for each
county in Kansas. Flow conditions during the sam-
pling interval and variability among streams within
a county resulted in some counties having no sites
while others had several sites. Because of the sam-
pling scheme, several regions of the state were over
represented with stream sites. Thus, the sampling
was not simple random nor systematic. This con-
dition may affect the multivariate statistical ana-
lyses we describe below. A total of 410 stream sites,
representing all major watersheds in Kansas, were
surveyed for fish presence/absence (86 species col-
lected), numbers, biomass, and 30 physiochemical
characteristics. Fish were sampled with eight dif-
ferent methods, depending on conditions at the
site. Complete descriptions of all survey methods
are contained in Layher (1983) and Layher &
Maughan (1984).

In large data sets, quantitative data can have
more variability than the presence/absence data.
Indeed, the use of eight different fish sampling
methods introduces a compromising attribute to
this data set: both abundance and biomass might
present misleading results. Therefore, the pre-
sence/absence matrix was used. Binary data can
often be used with good results in multivariate
statistical procedures intended for quantitative
data (Green 1979). In some cases, results are even
better than when proportions or densities are used
(Buzas 1972, Petersen 1976, Thorpe 1976). Smart et
al. (1974) found that qualitative data emphasize
species richness and diversity, and are best used
when the interest is in species-environment rela-
tionships. Because of the differential susceptibility
of species to various sampling methods, the pre-
sence/absence data for each method were stan-
dardized to zero mean and unit variance for the
following analysis. This compensates to some ex-
tent for the disparity in sample sizes and number of
species taken by the different methods.

Analysis
The basic approach involved a three-stage process

with a combination of the multivariate statistical
techniques of ordination and classification, similar



to that of Tonn et al. (1983) and Omi et al. (1979).
Ordination and classification complement each
other; using both strategies, one can often deter-
mine the extent to which distinct community types
exist, or whether species assembiages occur along a
continuum. Multivariate statistical procedures
such as principal components analysis (PCA) and
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canonical discriminant analysis (CDA) require sev-
eral assumptions, some of which are difficult to
meet. However, for descriptive studies, large de-
partures from ideal data structure are tolerable. All
statistical procedures were performed using the
SAS data analysis system (SAS Institute 1982).
Because our objective was to identify fish eco-

Table 1. Species associated with the 10 rotated factors. Species are grouped together under the factor for which they have the highest
loading. The species are listed in decreasing order of factor loading on each of the factors. Blanks occur where loadings were less than an
absolute value of 0.4. Four species (Lepomis humilis, Noturus flavus, Phenacobius mirabilis, Morone chrysops) out of the original 39,
loaded lower than 0.4. Scientific names are according to Robbins et al. (1980).

Species

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10

Micropterus punctulatus 0.81

Labidesthes sicculus 0.77

Fundulus notatus 0.73

Percina phoxocephala 0.72

Lepomis megalotis 0.60

Pimephales vigilax 0.46

Percina caprodes 0.45

Moxostoma erythrurum 0.43

Pimephales notatus 0.67
Campostoma anomalum 0.66
Etheostoma spectabile 0.66

Notropis umbratilis 0.44

Ictalurus punctotus 0.76
Pylodictis olivaris 0.68
Carpoides carpio 0.65
Cyprinus carpic: 0.47

Pomoxis annularis

Aplodinotus grinniens

Ictiobus bubalus

Dorosoma cepedianum

Ictalurus natalis

Noturus exilis

Etheostoma nigrum

Notropis stramineus

Micropterus salmoides

Lepomis macrochirus

Pimephales promelas

Catostomus commersoni

Semotilus atromaculatus

Moxostoma macrolepidotum

Lepisosteus osseus

Ictalurus melas

Lepomis cyanellus

Fundulus zebrinus

Gambusia affinis 0.41
Eigenvalue 4.12

% variance explained by

each factor and overall

variance explained 10.6

0.43

0.47

2.74

7.0

0.40

2.38

6.1

0.67
0.59
0.57
0.55

2.05

0.40

0.60
0.59
0.49 0.40
-0.53
0.69
0.66
0.67
0.45 0.54
0.48
0.83
0.66
0.71
0.68
0.74
0.55
1.89 1.78 1.63 1.63 1.59 1.58

4.8 4.6 4.2 4.2 4.1 4.1=55
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regions that are characteristic of common species,
we eliminated from the analysis those species oc-
curring at fewer than 5 percent of the sites. This
reduced the number of species in the analysis to 39
(Table 1),

Principal components analysis was performed on
the 39 fish species presence/absence matrix to re-
duce the dimensionality and maximize the variance
of the data set. Gower (1966) validated the use of
binary data in PCA by showing that distances in
multidimensional space are equal to the square
root of the complement of the matching coeffi-
cient. However, the nature of the sampling scheme
increases the possibility of distortion of the first
principal components in favor of any over-repre-
sented areas.

Ten factors in the analysis had eigenvalues
greater than or equal to one. Interpreting a factor
with an eigenvalue less than one increases the like-
lihood of that factor explaining less than a ran-
domly generated variable (Legendre & Legendre
1983). A random variable introduced into a data set
would come out of a PCA on standardized varia-
bles as the major load on an axis whose eigenvalue
would be one. Varimax rotation was performed on
these factors to aid in biological interpretation
(Cooley & Lohnes 1971). Factor loadings (= cor-
relations) between the original variables (species)
and the rotated factors were used to compute factor
scores for each stream site. Factor scores were
estimated along each factor; thus, each site was
represented as a unique point in 10-dimension
space as opposed to the original 39-dimension
problem. Various assumptions and uses of this
multivariate statistical procedure, as applied to
biological data, have been reviewed by Poole
(1971) and Gauch (1982).

Groups of similar sites were identified from an
agglomerative hierarchical cluster analysis of fac-
tor scores using Ward’s method (SAS Institute
1982). This classification process involves the de-
termination of similar sites based on a systematic
comparison of factor scores for all sites. The ap-
proach seeks to minimize  within-cluster sums of
squares, which are indexed by r? [= between-clus-
ter sums of squares divided by total (corrected)
sums of squares]. Cluster analysis can be per-

formed on raw data; however, use of PCA to de-
rive factor scores clarifies relationships between
variables, reduces the effect of redundant varia-
bles, and helps infer structure in the original data.
Virtually all clustering procedures provide little, if
any, information as to the number of clusters in a
data set. Milligan & Cooper (1985) performed a
simulation study on several stopping rules (= quan-
titative indices used to evaluate the number of
clusters) and found that the stopping rule used in
SAS clustering procedures (= cubic clustering cri-
terion) performed competitively. However, in our
analyses, this stopping rule indicated fewer clusters
than we would have subjectively assigned. If fewer
clusters are indicated by a stopping rule when more
are present, then the error is more serious than
when K clusters are indicated with less than K
clusters actually existing (Milligan & Cooper 1985).
We therefore decided on an ecological evaluation
of the number of clusters. A cutoff point of six
clusters was chosen. Examination of more than six
clusters, while improving the variance explained,
added new clusters whose sites were distinctly
more geographically scattered and interspersed
with the sites of other clusters. Furthermore, the
relationship between the distribution pattern of the
sites of these new clusters and environmental pat-
terns was much less distinct. Choosing fewer clus-
ters left out the large river group (Fig. 1). Because
of the unique physical and chemical habitat charac-
teristics of large rivers, a large river group is biolog-
ically and ecologically meaningful. Pflieger et al.
(1981) previously identified a distinct large river
group from Missouri fish distribution patterns.
The cluster membership of sites was indicated on
a map of Kansas that located all the sites. Lines
were then drawn to form the fish ecoregions. This
gives geographically contiguous fish ecoregions in
place of the interspersed cluster sites. The elimina-
tion of this interspersion of cluster sites provides
for a more useful classification. Contiguous fish
ecoregions are useful in management and plan-
ning, whereas clusters with interspersed sites are
inconvenient. With interspersed sites, new sites not
included in the original cluster analysis cannot be
assigned to a cluster without reanalysis. However,
with homogeneous, contiguous geographic units
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Fig. 1. Cluster dendrogram of stream sites based on rotated
factor scores. The factors (Table 1) that distinguish each cluster
are listed in order. Factors having more sites with factor scores
greater than 1.5 are listed first. Where two factors appear to-
gether, they have an equal number of sites with factor scores
greater than 1.5. The ordering gives a rough indication of the
tendency of each assemblage to contribute toward characteriz-
ing the fish composition of £ach-of the clusters and also the
derived ecoregions. Each eluster is given a designation that
corresponds to the area where most sites in that cluster are
located. The horizontal axis represents improvement in r2. Ab-
breviations are as follows: NE = northeastern fish ecoregion,
SW = southwestern fish ecoregion, NW = northwestern fish
ecoregion, SE = southeastern fish ecoregion, WK = Wakarusa
River drainage fish ecoregion, LR = large river fish group.

this problem does not exist.

The lines were drawn to enclose the major con-
centration of sites from a cluster in a non-overlap-
ping way. Berween those clusters where intersper-
sion of sites from different clusters occurred most,
the lines were drawn by giving equal weighting to
each site. For example, a single site from one clus-
ter located in the center of a group of sites from
another cluster carried less influence on line loca-
tion. In this case, the line was drawn to include all
of the sites with the cluster of the more numerous
sites as well as the single site from the other cluster.
Using these rules, most of the lengths of these lines
follow watershed boundaries. One interesting ex-
ception is in the Walnut Creek drainage where the
line was drawn to split the drainage in haif along
the main stem.
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Sites belonging to an original cluster, but falling
outside the newly constructed fish ecoregion, were
reclassified to the new fish ecoregion associated
with their location. The classification table from a
discriminant function analysis (DFA) was used to
determine the error that resulted from our fish
ecoregion demarcation and subsequent site re-
classification. Use of within-group covariance ma-
trices as a basis for the measure of generalized
square distance in DFA results in a perfect classi-
fication of all sites to their original clusters when
clusters are determined by the above cluster analy-
sis (SAS Institute 1982). Therefore, the percentage
of sites misclassified by DFA represents the error
attributable to our new fish ecoregion demarca-
tions.

The extent of environmental differences among
the six fish ecoregions was examined with canoni-
cal discriminant analysis (CDA). This analysis de-
tects the maximum amount of multivariate varia-
tion in across-group means, relative to within-
group variation of environmental variables for
each site. The derived axes of CDA represent
mathematical variables that maximize the differen-
ces among fish ecoregions. The individual loadings
of environmental variables on the axes give some
indication of the multivariate relationships or
trends, and indicate which variables are most likely
important. However, they do not indicate causa-
tion for, nor univariate correlation with, the fish
ecoregion differences. Because of missing data,
only 24 environmental variables were used (Table
2). This reduced the number of sites in this pro-
cedure to 246. However, this reduction did not
compromise the sample size of each fish ecoregion
beyond an acceptable level. We also feel that these
246 sites provide adequate representation of the
fish ecoregions. The data for many of the variables
are not distributed normally and have large vari-
ances. To alleviate these problems, all environ-
mental data were log transformed except propor-
tions, which were arcsin transformed.
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Table 2. Environmental variables loaded on canonical variables
1-3. Environmental variables are grouped together under the
canonical variable for which they have the highest loading. The
loadings of environmental variables are ordered from highest to
lowest. Blanks occur where loadings are less than an absolute
value of 0.3. Those environmental variables loading less than
0.3 include percent riffle, percent run, silt substrate, calcium
hardness, magnesium hardness, nitrates, phosphates, dissolved
oxygen, total alkalinity, and pH.

Environmental Canonical variables

variables
1 2 3

Runoff 0.77 ~0.39
Growing season 0.63
Mean width 0.55 0.41
Chloride -0.52
Mean depth 0.46
Bedrock substrate 0.45
Cobble-rubble

substrate 0.44
Water temperature 0.44
Percent pool 0.35
Gravel substrate 0.35
Discharge 0.60
Gradient -0.46
Sand substrate 0.41
Canonical

correlation 0.83 0.63 0.53
Results

Fish assemblages

The principal components analysis followed by
varimax rotation reduced the 39 common species in
the original data set to ten factors, or ten fish
assemblages, consisting of fish species that tend to
occur together at a site (Table 1). The degree to
which they occur together is indicated by the load-
ing of a species on its factor or assemblage. Ten
assemblages of fish species provide a more compre-
hendible set of entities than do 39 separate species.

A brief description of the physiochemical habitat
and distribution characteristics of these assem-
blages gives an understanding, at the assemblage
level, of Kansas fish and their habitat. Information
extracted from Cross (1967) and Cross & Collins
(1975) provides a description of the assemblages

obtained (Table 1). Assemblage 1 contains species
that occur primarily in the southeastern part of
Kansas, bounded to the west by the Arkansas
River mainstem and north by the Kansas River
mainstem (Missouri River drainage). However,
they occur to a lesser extent in Missouri drainage
streams. This assemblage is characterized by spe-
cies that occur in small- to medium-sized, perma-
nent streams. These streams are clear and usually
have good pool development and gravel substrates.
The species in Assemblage 2 also inhabit small
permanent streams, but are found throughout east-
ern Kansas. Campostoma anomalum, Etheostoma
spectabile, and Semotilus atromaculatus are also
found in northwestern Kansas. Assemblage 3 con-
sists of four species that live in large rivers with
sandy or rocky bottoms. All of these species are
widely distributed except for the Pylodictis olivaris,
which is found mainly in eastern Kansas. Assem-
blage 4 species also inhabit large rivers, but tend to
be restricted to eastern Kansas. The river popula-
tions of these species (especially Pomoxis an-
nularis) have undoubtedly been increased by mi-
grants from stocked impoundments. The Osage
River system and eastern portions of the Kansas
river system have the species of Assemblage 5.
These species, especially Etheostoma nigrum and
Noturus exilis tend to occur in small, permanent
streams with gravel bottoms. Ictalurus natalis oc-
curs in small, turbid streams of intermittent flow. It
is able to survive droughts. The ubiquitous species,
Micropterus salmoides and Lepomis macrochirus,
are the only species in Assemblage 6. Stream popu-
lations of this favorite impoundment predator/prey
stocking combination are increased by migrants
from impoundments. Pimephales promelas of As-
semblage 7 is a ubiquitous species but is most likely
to occur in intermittent creeks with mud bottoms in
western Kansas. Semotilus atromaculatus and
Catostomus commersoni occur primarily in the
Kansas river system. Semotilus atromaculatus
prefer intermittent streams in this system. Lep-
isosteus osseus and Moxostoma macrolepidotum
that constitute Assemblage 8 are restricted to large
streams and rivers in the eastern half of Kansas.
Ictalurus melas and Lepomis cyanellus making up
Assemblage 9 are ubiquitous but more common in



western Kansas. They occur in small, turbid
streams of intermittent flow. Both are tolerant of
drought conditions. Finally, Fundulus zebrinus of
Assemblage 10 is very common in western Kansas.
Gambusia affinis is limited to southwestern drai-
nages due to a limited tolerance of cold tempera-
tures. Both species prefer the shallow, calm
streams found in these areas.

Fifty-five percent of the variation is explained by
these ten factors or assemblages. The relatively low
percentage of variance explained by the factors,
both overall and individually, should not be con-
sidered to detract from the value of the information
provided by the analysis (Table 1). Gauch (1982)
points out that in some cases, particularly with
large and ‘noisy’ data sets, the first few PCA axes
may account for as little as 5 percent of total vari-
ance and yet be quite informative ecologicaily. In
such cases, percent variance explained has not
been found to be a reliable indicator of the quality
of results.

Classification of fish ecoregions

The 410 sites were divided into six clusters. Each
cluster is distinguished as consisting of a collection
of sites with a unique pattern of factor scores de-
rived from the ten factors or fish assemblages (Fig.
1). This pattern of site factor scores is partly indi-
cated by the ‘Order of factors/assemblages’ in Fig-
ure 1. Each of these clusters is assumed to represent
a relatively homogeneous collection of sites com-
pared to the original complete set of sites. Inherent
in this assumption is that a large heterogeneous
area is made up of geographically contiguous units.
While the 1? improvement achieved at the six-clus-
ter level is low, we believe that the clusters are
ecologically meaningful at this level. When the
sites of each cluster are mapped (Fig. 2), it is appar-
ent that some sites of a cluster occur in slightly
scattered geographic locations. Thus, while pat-
terns are evident, it is also apparent that much
‘noise’ was inherent in the data. However, based
on the mapped sites of each cluster and the assump-
tion that there is a definite homogeneity and con-
tiguous pattern to the distribution of sites, a map of
fish ecoregions of Kansas was derived (Fig. 2).

(3]
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DFA missclassified only 4.7 percent of the 246
sites. This provides strong support for the location
of the lines drawn and the assumption of contiguity
and homogeneity of our fish ecoregions.

The southwestern fish ecoregion (Fig. 2) encom-
passes the western side of the Arkansas River drai-
nage, except for the lower halves of the Chikaskia
and Medicine Lodge Rivers, which are included as
part of the southeastern fish ecoregion. The north-
western fish ecoregion contains the upper Kansas
River drainage (Smoky Hill, Saline, Solomon) and
upper and middle Republican drainages. The sepa-
ration between the northwestern and southwestern
fish ecoregions follows along the major drainage
divide separating the Missouri and Mississippi drai-
nages. The major differences in fish assemblages
between these fish ecoregions involve Assemblage
3 associated with the southwestern ecoregion and
Assemblages 2 and 10 associated with the north-
western fish ecoregion (Fig. 1).

The delineation between southwestern and
southeastern fish ecoregions is very unusual be-
cause it splits the Walnut Creek drainage virtually
into equal halves with eastern tributaries to the
southeastern fish ecoregion and western tributaries
to the southwestern fish ecoregion. The south-
eastern fish ecoregion also contains the Verdigris,
Neosho, Spring, lower Chikaskia, and Medicine
Lodge drainages. This is the only ecoregion where
Assemblages 1 and 4 are involved in distinguishing
an ecoregion (Fig. 1). Cross (1967) stated that the
rivers in this area harbor more species than do
rivers in other areas of Kansas. The streams in this
region provide diverse and persistent habitats.

The northeastern fish ecoregion includes the
lower Republican, Big Blue, Missouri, lower Kan-
sas (except Wakarusa River drainage), Marais des
Cygnes, Little Osage, and Marmaton drainages.
The sites of this ecoregion differ from those of the
northwestern ecoregion in that Assemblage 3 is
associated with the northeastern ecoregion while
Assemblage 10 is associated with the northwestern
ecoregion, and in the overall differences in the
pattern of site factor scores between the two eco-
regions.

It i1s unusual that a small drainage like the
Wakarusa River should define a fish ecoregion,



274

Fig. 2. Location of stream sites based on cluster analysis. Numbers refer to clusters as follows: northwestern cluster (1), northeastern
cluster (2), southwestern cluster (3), southeastern cluster (4), large river cluster (5), and Wakarusa drainage cluster (6). Intuitively-
derived delineation of Kansas fish ecoregions indicated by dashed lines.

especially to the point of being the first fish eco-
region distinguished among the drainages of east-
ern Kansas (Fig. 1). The Wakarusa is the only fish
ecoregion that has a site factor score pattern with a
predominance of sites with high factor scores for
Assemblage 2 (Fig. 1). This is probably a primary
factor in accounting for the uniqueness of the
Wakarusa ecoregion. Also, the Wakarusa contains
a rather unique assortment of species and it crosses
terrain formed by rocks of three different escarp-
ments (Deacon & Metcalf 1961, Metcalf 1966). The
lower part of the drainage includes 13 species, the
middle has 27 species, and the upland plain area
has 15 species (Metcalf 1966). An examination of
the environmental data (Appendix) in conjunction
with our analysis of the fish data strongly supports
the distinctiveness of this ecoregion.

The large river fish group transcends the fish
ecoregions and has no boundaries. Pflieger et al.
(1981) also demonstrated a large river group in
Missouri. This fish group has sites in most major

rivers and major tributaries, as well as in locations
close enough to reservoirs to be influenced by spe-
cies migrating from them. This group, as expected,
is the only group that has a factor score pattern with
a predominance of sites with high factor scores for
Assemblage 3, consisting of Ictalurus punctatus,
Pylodictis olivaris, Carpoides carpio, and Cyprinus
carpio (Fig. 1, Table 1).

Environmental correlates of fish ecoregions

Loadings of the environmental variables on the
canonical variables, derived from the canonical dis-
criminant analysis, are given in Table 2. These
canonical variables maximize differences among
the fish ecoregions. The loading level of an en-
vironmental variable on a canonical variable is in-
dicative of the degree to which it assisted in max-
imizing the differences among the fish ecoregions
along the axis of that particular canonical variable.
However, it is important to recognize that the en-



vironmental variables operate in concert with each
other as a multivariate system and not as isolated
univariate variables. A loading is dependent on
quantitative interactions with the other environ-
mental variables that load highly on a canonical
variable. Also, the overall character of a particular
data set used in canonical discriminant analysis,
can affect the relative loading levels of an environ-
mental variable on a canonical variable.

Runoff and growing season loaded highest on
the first cancnical variable (CV). Mean width and
chloride were moderately loaded, while mean
depth, predcminance of bedrock and cobble-rub-
ble substrates, and water temperature were weakly
loaded. Chloride concentration shows an inverse
relationship with the other variables. Percent pool,
and percent of sites with predominance of gravel
substrate loaded positively, though weakly, on CV
2. Runoff is inversely related to these environmen-
tal variables. Discharge loaded highest on CV 3.
Mean width, percent of sites with a predominance
of sand subsrrate, and gradient loaded weakly on
CV 3. Gradient is inversely related to the other
three variables, as would be expected.

The mean canonical variable value (= group
centroid) for each fish region is plotted for the first
three CV’s (Fig. 3). The environmental variables
that loaded highest are shown with their general
trends along the appropriate CV axis. The pattern
of environmental trends along a CV axis is relative
only to that axis and again, must be considered in
an interactive multivariate context. CV 1 strongly
separates the northwestern fish ecoregion from the
other fish ecoregions and the large river group. The
general trend of environmental variables along this
particular axis is for the northwestern ecoregion
sites to have lower runoff, shorter growing season,
lower mean widths, and higher chloride concentra-
tions, while the reverse is true for the other eco-
regions.

CV 2 distinguishes the southwestern and south-
eastern fish regions from the other groups. By its
extreme position, the Wakarusa fish ecoregion is
also distinguished by CV 2. The general environ-
mental trends along this axis are for the Wakarusa,
at one extreme, to have sites with lower percent
pools, fewer sites with gravel as the predominant
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Fig. 3. Mean canonical variable (= group centroid) values de-
rived from CDA of environmental data for northwestern (NW),
southeastern (SE), southwestern (SW), northeastern (NE).
Wakarusa River drainage (WK) fish ecoregions, and the large
river (LR) fish group. The primary environmental variables that
distinguished among the fish ecoregions and the large river fish
group are listed in order of their loading on each respective
canonical variable axis. The trends of these environmental vari-
ables along the axes are also given.

substrate, and higher runoff. The reverse is true for
sites of the southwestern and southeastern eco-
regions at the other extreme along this axis.

CV 3 separates the southwestern and north-
eastern fish ecoregions from the rest, and to a lesser
extent the northwestern ecoregion and large river
group from the Wakarusa and southeastern re-
gions. Relative to this axis, the southwestern and
northeastern ecoregion sites, as opposed to the
other ecoregion sites, are characterized by higher
discharges, and greater mean widths, lower gra-
dients, and a predominance of sand substrate.

Discussion

A comparison of our classification of Kansas with
the multivariate classification of fish distributions
done by Smith & Fisher (1970) shows that our
Assemblage 1 corresponds fairly closely with their
factor IV group. All nine of the species in our
Assemblage 1 are included in their factor IV group,
which included 21 species. Only three other species

High Gradient Low
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that were in assemblages important in distinguish-
ing our southeastern fish ecoregion were also in
their factor IV group. Those three species are
Notropis umbratilis, Ictiobus bubalus, and Dor-
osoma cepedianum. None of the other groups iden-
tified by Smith & Fisher matched any of our fish
assemblages. However, there was some additional
correspondence among geographic patterns. The
geographic location of their factor I'V group corre-
sponds well with our southeastern fish ecoregion.
Their factor I and our northeastern fish ecoregion
seemed to be geographically similar. Their factor 11
was centered across the northern part of the state
and would correspond roughly with a combination
of our northwestern and northeastern fish eco-
regions. Their factor VIII was centered in the west
and corresponds roughly with a combination of our
northwestern and southwestern fish ecoregions.

The differences in findings between our study
and that of Smith & Fisher (1970) probably reflect,
primarily, differences in the fish species included,
which may have partly reflected the time span of
data collection, and secondarily, differences in
multivariate analysis procedures used. Their analy-
sis included many relatively rare species. The data
set used in their analysis contained 105 fish species.
Most of the collections they used were taken from
1915 to 1966 (Cross 1967). In contrast, our analyses
included only common fish species, and the data
were collected recently.

We found our fish ecoregions to be logical when
compared with published patterns of other en-
vironmental factors (Self 1978, USGS 1976), in-
cluding river basin boundaries, major physio-
graphic features, geologic formations, potential
natural vegetation, soils, and certain climatic fac-
tors. The separation of northern from southern fish
ecoregions is along the divide separating the Mis-
sissippi and Missouri River drainages. The separa-
tion between eastern and western regions follows
the line separating major physiographic regions —
the Great Plains to the west and the Central Low-
lands to the east. It also follows the western border
of the Flint Hills and the geologic formations of
Permian age. There is a relatively close coincidence
of the border separating the northwestern and
northeastern ecoregions with changes in soils from

the western typic ustolls to the eastern shallow udic
ustolls. There is also agreement with the separation
between western mixed prairie and eastern tall
grass prairic potential natural vegetation types.
The southwestern and southeastern fish ecoregion
borders match the soil transition from the western
sandy udic ustolls and deep udic ustolls, to the
eastern shallow udic ustolls. For the most part, the
separation of eastern and western fish ecoregions is
along watershed divides (USGS 1976). Two excep-
tions are in the Republican River basin and in the
Walnut Creek watershed. Other environmental
trends that matched the separation between our
western and eastern fish ecoregions are the west to
east trends of increasing precipitation and pre-
cipitation runoff (Self 1978). No obvious, simple
association between the fish ecoregions and land
use and land cover (USGS 1970) was apparent.

Our findings confirm the statements of Cross
(1967) that aquatic environments vary most from
east to west in Kansas, that these differences in
habitats for stream fishes are associated with the
physiographic and climatic differences that affect
substrate, amount of runoff, stream chemistry,
groundwater development, and the permanence of
streams.

The indicated trends of some of the environmen-
tal variables may be misleading. For example,
runoff is most meaningful for small streams, which
are most influenced by the runoff at a site. How-
ever, a large stream or river is much less influenced
by the runoff at a site on the river than by the runoff
throughout the entire river basin or watershed.
Also, stream width and instantaneous discharge
are greatly influenced by year, season, and the
sampling scheme. Collections for the data set we
used were taken over several years and over a wide
part of each year. With this in mind, there appears
to be a general, multivariate trend for the north-
western ecoregion to have lower runot!, shorter
growing season, lower mean stream widths, and
higher chloride concentrations than the other eco-
regions. Similarly, the southwestern and south-
eastern ecoregions have more sites with a higher
percentage of pools and more sites with gravel as
the predominant substrate type, and the sites gen-
erally have lower runoff. Northeastern and south-



western ecoregions generally have sites with higher
discharge, larger mean stream widths, lower gra-
dients, and more sites having sand as the predomi-
nant substrate, in contrast to the other ecoregions.

An alternative approach to classifying aquatic
ecosystems based on a landscape or aquatic eco-
region approach has been developed by Hughes &
Omernik (1981). They investigated spatial patterns
in aquatic ecosystems based on patterns of ter-
restrial characteristics. Their basic premise is that
terrestrial watershed factors control the develop-
ment and functioning of aquatic ecosystems. How-
ever, our fish ecoregions are not congruent with the
aquatic ecoregions that Hughes & Omernik have
delineated for Kansas (Robert Hughes, personal
communication).

By identifying contiguous areas of homogeneity,
a fish ecoregion classification should make it possi-
ble to extrapolate knowledge gained from a few
sites to other sites within an ecoregion. Various
management actions, including remedial mea-
sures, that might be appropriate for one ecoregion
and not others might be more easily recognized,
and appropriate planning and management action
taken. That is, these ecoregions provide ecolo-
gically meaningful management units as opposed
to site- or politically-defined management units.
Once this classification is in place, it should facili-
tate subsequent development, by fish ecoregion, of
improved biomass prediction models, and develop-
ment of measures of environmental condition such
as the index of biotic integrity, which is based on an
analysis of stream fish communities (Karr 1981,
Fausch et al. 1984).

Finally, our classification is based on fish associ-
ation patterns, in contrast to other classifications
that are based only on environmental factors as-
sumed to be important in determining the patterns
of aquatic ecosystems and their organisms. Be-
cause our multivariate statistical approach is not
restricted to location nor size of area, it should have
wide applicability for establishing fish ecoregions
in areas other than the state of Kansas.
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Appendix

Mean (%), standard deviation (sd), range, and sample size (n),
by fish ecoregion, for the physiochemical characteristics used in
CDA.

Fish X sd Range n
ecoregion
Runoff (mm yr-1)

NW 15 13 3-51 128
SW 25 18 3-51 184
NE 5 36 1-203 56
SE 86 66 25-254 94
WK 104 13 102-152 15

LR 64 48 8-203 43
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Fish X sd Range n Fish X sd Range n
ecoregion ecoregion
Discharge (m? sec!) SE 73 45 - 94
NW 0.5 1.3 0-9.6 126 WK 27 46 - 15
SW 0.5 0.9 0-4.5 69 LR 32 47 - 43
NE 0.3 0.5 0-1.9 49 Cobble-rubble (7% of sites with substrate type)
SE 0.7 29 0-25.2 82 NW 10 30 - 128
WK 0.1 0.1 0-0.6 14 SW 27 45 - 84
LR 4.5 8.1 0-28 37 NE 48 50 - 56
Growing season (days) SE 53 50 - 94
NwW 166 12.1 82-188 128 WK 47 52 - 15
SwW 185 4.3 173-191 84 LE 26 44 - 43
NE 181 6.0 170-194 56 Bedrock (% of sites with substrate type)
SE 187 5.0 179-193 94 NwW 1 9 - 128
WK 188 5.7 183-194 15 SwW 5 21 - 84
LR 179 7.8 168-194 43 NE 17 39 - 56
Mean width (m) SE 29 45 - 94
NwW 5.2 4.3 0.9-344 128 WK 53 52 - IN]
Sw 8.4 53 1.5-30.5 84 LR 6 21 - 43
NE 9.5 9.6 2.4-61.0 56 Pool (%)
SE 12.5 8.8 2.4-54.9 94 NW 31 40.2 0-100 128
WK 4.9 3.6 2.1-15.6 15 Sw 55 41.8 0-100 8
LR 19.6 23.5 3.7-110.0 43 NE 43 35.2 0-100 56
Mean depth (m) SE 52 40.6 0-100 92
NW 0.3 0.2 0.1-1.1 128 WK 57 26.1 22-100 IN]
Sw 0.5 0.3 0.1-1.5 84 LR 30 34.0 0-100 40
NE 0.5 0.4 0.1-2.1 56 Riffle (%)
SE 0.5 0.4 0.1-3.1 94 NW 4 10.9 0-64 128
WK 0.6 0.3 02-1.1 15 Sw 10 19.1 0-81 76
LR 0.7 0.7 0.1-4.6 43 NE 13 16.7 (-88 56
Gradient (m km~1) SE 11 13.5 0-55 93
NW 1.4 0.9 0.3-5.0 89 WK 16 17.9 0-100 15
SW 1.5 1.2 0.1-5.0 79 LR 14 237 0-70 40
NE 1.4 0.9 0.3-4.0 55 Run (%)
SE 1.7 1.3 0.1-8.0 89 NWwW 65 41.1 0-100 128
WK 22 1.4 0.4-5.0 15 SW 38 41.7 0-100 76
LR 0.8 0.8 0.2-4.2 42 NE 44 38.2 0-100 56
Silt (% of sites with substrate type) SE 37 42.9 (-100 92
NwW 73 44 - 128 WK 27 24.1 0-56 15
SW 75 44 - 84 LR 57 40.1 (-100 41
NE 80 40 - 56 Water temperature (° C)
SE 79 41 - 94 Nw 16 83 1-21 128
WK 73 46 - 15 Sw 23 4.6 10-32 71
LR 72 45 - 43 NE 21 7.0 7-32 55
Sand (% of sites with substrate type) SE 25 7.0 14-30 90
NW 65 48 - 128 WK 25 2.0 20-29 15
SwW 55 50 - 84 LR 23 6.9 7-29 40
NE 34 48 - 56 Chlorides (ppm)
SE I8 39 - 94 NWwW 107 150.2 1.3-830 126
WK 13 35 - 15 Sw 179 318.5 2.5-1870 73
LR 60 50 - 43 NE 29 33.6 0.1-175 56
Gravel (% of sites with substrate type) SE 58 104.5 0.3-700 84
NW 26 44 - 128 WK 11 3.7 5-20 IS
Sw 36 48 - 84 LR 147 171.0 3-560 42
NE 34 48 - 56




