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Abstract.—We examined the distribution and abundance patterns of 69 fish speciesthat commonly

occur in the rivers of Michigan’s lower peninsula to develop a simple, empirically based model
for describing fish assemblages. We used cluster analysis to group fishes that shared similar
abundance patterns at 226 stream sites. The 17 clusters we identified explained about 39% of the
variation in species abundances among the stream sites, providing a reasonable, albeit simplified,
picture of general associations of fishes in lower Michigan streams. Known ecological differences
among species and further analyses suggested that a measure of cluster abundance should not be
used to predict the abundances of its constituent species. We selected catchment area (CA) and
low-flow yield (LFY; 90% exceedence flow divided by catchment area) as axes for plotting fish
distributions and rivers because these variables link catchment-scale features of the landscape to
multiple, site-scale characteristics of stream habitat (e.g., temperature, velocity, and depth) im-
portant to fishes. As a measure of groundwater loading to streams, LFY, which integrates the
geological, landform, and soil characteristics of catchments, reached its highest values in basins
predominated by highly permeable soils and relatively steep topography. Plots of fish clusters and
species abundances on LFY—CA axes provided insight into the structure of fish assemblages in
lower Michigan streams. When plotted on LFY —CA axes, the 17 fish clusters were distributed in
a meaningful pattern that reflected stream size and temperature preferences of constituent species.
The LFY—CA axes provided an empirically derived framework for comparing Michigan streams
and for assessing the physical and biological potential of different river reaches. This has allowed
fishery managers to better explain, justify, and build public support for river management plans
and actions. Although the relationships among LFY, CA, and fish abundances we describe are
specific to lower Michigan streams, our approach could be used to develop similar models specific
to other regions.

Fishery management activities on rivers usually
focus on specific sites or short reaches. The extent
to which successful management actions (e.g.,
stocking or targeted removals) at one locale can
be prescribed for sites in different areas is often
limited by the lack of a clear basis for evaluating
the ecological similarity of managed sitesin away
that is relevant to fish populations. The situation
is especially problematic in glaciated regions like
the upper Midwest where tremendous heteroge-
neity in landform and hydrology leadsto large, but
natural, spatial variability in fish assemblage com-
position (Wiley et al. 1997; Zorn et al. 1998). For
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example, among rivers in Michigan's lower pen-
insula (lower Michigan), million-fold differences
in low-flow yields (90% exceedence flow divided
by catchment area) and 2—3-fold variation in daily
average temperature (10—26°C) in July help shape
fish assemblages at unimpaired stream sites having
as few as 1 to as many as 45 species (Zorn et al.
1998). Identifying key variables that shape the
physical habitat template (as defined by South-
wood 1977) for fish populations is particularly de-
sirable in these settings because it can lead to eas-
ily applied models for evaluating the ecological
potential of a site to support species of interest.
To the extent that strategic planning for riverine
fisheriesisdesirablein large, diverseregions (e.g.,
states and provinces), some simplifying model of
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riverine habitat requirements seems a practical ne-
cessity.

Classification and ordination are quantitative
tools commonly used for reducing ecological com-
plexity (Strauss 1982; Pielou 1984; Aadland
1993). In this paper, we use cluster analysis to
identify groups of fishes having similar spatial pat-
terns of distribution and abundance (i.e., macro-
habitat guilds) across a set of 226 stream sites
sampled throughout lower Michigan. Because
groupings defined by cluster analysis may have
limited statistical validity (Strauss 1982), we use
additional statistical techniques to determine (1)
how well the guilds (clusters of taxa) explain ob-
served variation in abundance of fishes among
sites and (2) whether guild abundance could serve
as a surrogate for describing abundances of con-
stituent species. We then ordinate the resulting
clusters using simple, catchment-scal e habitat axes
(catchment area and low-flow yield) that index
site-scale habitat features (habitat volume, tem-
perature, and flow stability) known to beimportant
in structuring fish assemblages of thisregion (Hen-
drickson and Doonan 1972; Aadland 1993; Poff
and Allan 1995; Lyons 1996; Wiley et al. 1997,
T. C. Dewberry, Pacific Rivers Council, unpub-
lished). Finally, we describe some of our experi-
ences using this simple ordination-based empirical
model in regional fisheries management and res-
toration settings.

Methods
Michigan Rivers Inventory Data

We obtained data for this study from the Mich-
igan Rivers Inventory (MRI) database, which con-
tains catchment-based characterizations of 675
sites in lower Michigan (Seelbach and Wiley
1997). Data available for MRI sites included gen-
eral catchment characteristics (e.g., geology, cli-
mate, land use, topography), various reach-scale
and site-scale habitat features, measured and pre-
dicted exceedence flows, measured and predicted
July temperatures, and fisheries survey data (Seel-
bach and Wiley 1997). Abundance data for fishes
were obtained from rotenone and multiple-pass
electrofishing depletion surveys conducted during
summers from 1982 to 1995 at 226 MR sites (Fig-
ure 1). Presence—absence data were used to note
occurrence of fishes at additional siteswhere abun-
dance data were not available. Seelbach and Wiley
(1997) and Seelbach et al. (1988) provide greater
detail regarding fish sampling techniques and com-
putation of abundance estimates.
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FIGURe 1.—Map showing the major river drainages
of Michigan’s lower peninsula and locations of the 226
fish sampling sites included in this study.

The 226 sites with assemblage-level data pro-
vided an excellent sample of lower Michigan
streams, with a few caveats. Small streams were
somewhat undersampled, given their abundancein
the landscape (Figure 2). Fish standing crop
(weight per unit area) estimates from the rotenone
surveys may represent only about 75% of actual
values because of sampling inefficiency (Seelbach
et al. 1994). To make abundance estimates of all
species captured, we assumed equal catchability
of all fishes at electrofishing depletion sites (Zip-
pen 1958). There undoubtedly was variation in
catchability among species. Because each site was
sampled for fishes only once, these data do not
capture temporal variation that obviously exists.
Temporal variation not accounted for will appear
in our analyses as residual spatial error (Wiley et
al. 1997). However, we believed that although any
individual sample may not perfectly represent a
site’s typical fish assemblage, the existence of fish
assemblage data from 226 sites essentially pro-
vided replicate samples for many types of lower
Michigan rivers. In addition, we expected patterns
at a regional scale to be dramatic enough (e.g.,
contrasts of high versuslow versus zero abundance
levels) that any sampling-induced biaseswould not
significantly alter our findings.

Cluster Analysis

We used cluster analysis to group 69 fishes into
guilds based on correlations among their standing
crops at 226 sites. To exclude rare species from
the analysis, we only used fishes that occurred at
nine or more sites or had a total abundance in the
data set of at least 7.0 kg/ha. The data were stan-
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Ficure 2.—Low-flow yield and catchment area values for 226 sites on lower Michigan rivers having biomass
estimates for the entire fish assemblage (assemblage data sites) and an additional 449 Michigan Rivers Inventory

sites lacking such data (other sites).

dardized (Z-distribution, mean = 0, SD = 1) by
species so that body-size differences among fishes
would not influence the clustering process. We
used the complete linkage clustering method and
Pearson’s correlation distance measure, both rec-
ommended for clustering variables (SPSS 1993).
We identified 17 clusters of fishes for use in sub-
sequent analyses (Table 1), and adendrogram from
the cluster analysis is shown in Figure 3.

We used analysis of variance (ANOVA) to as-
sess how well the 17 clusters explained species
distributions within the data set. For each of 70
randomly selected sites, we calculated the amount
of variation in species abundances (standardized
as Z-scores) explained by the clusters. Using clus-
ter membership as the grouping variable for spe-
cies at each site, we calculated the proportion of
variance explained by the clusters (R?) by dividing
the between-groups (i.e., between clusters) sum of
squares by the total sum of squares (Table 2). This
produced an R? value for each of the 70 sites. The
average of all the R? values provided an estimate
of the overall fit of the clusters to the data set.

We then evaluated how adequately a measure of
a cluster’'s abundance would represent the abun-
dances of its constituent species. We hypothesized
that if a cluster’'s abundance adequately repre-
sented abundances of its constituent species, then
equal slopes would exist for simple linear regres-
sions between a cluster’s abundance (the indepen-
dent variable) and the abundances of each of its
constituent species. Differences among slopes
would indicate that abundances of all fishesin a
cluster did not vary proportionately among sites.
Totest thishypothesis, wefirst cal cul ated fish clus-
ter scores for each of the 17 clusters. The fish
cluster score was the average of the Z-scores for
cluster members at the site. A cluster score was
calculated only when abundance data existed at
the site for at least half of the cluster members.
This strengthened our analysis by enabling us to
include additional MRI sites, when sufficient
abundance data existed, and to exclude sites where
abundance estimates were lacking. Then, for each
cluster, we computed a set of regression equations
between cluster scores and the Z-scores of its con-
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TaBLE 1.—Clusters of fishes from lower Michigan streams identified by hierarchical cluster analysis. The species
name in bold type is used to identify clusters in the text and figures. Asterisks denote clusters that had significant (P
= 0.05) differences among slopes in regressions of species Z-scores against the cluster score.

1. Creek chub* Semothilus atromaculatus
Redfin shiner Lythrurus umbratilis

Central stoneroller Campostoma anomalum
Common shiner Luxilus cornutus
Bluntnose minnow Pimephales notatus

Johnny darter Etheostoma nigrum

. Brook stickleback* Culea inconstans
Hybrid sunfish
Northern redbelly dace Phoxinus eos
Bluegill Lepomis macrochirus

. Mottled sculpin Cottus bairdi
Blacknose dace Rhinichthys atratulus

. White sucker * Catostomus commersoni
Fathead minnow Pimephales promelas

. Burbot Lota lota
Longnose dace Rhinichthys cataractae

. Brown trout* Salmo trutta
Rainbow trout Oncorhynchus mykiss
Chinook salmon Oncorhynchus tshawytscha

. Brook trout* Salvelinus fontinalis
Slimy sculpin Cottus cognatus
Coho salmon Oncorhynchus kisutch

. Black bullhead Ameiurus melas
Yellow bullhead Ameiurus natalis
Green sunfish Lepomis cyanellus

. Northern pike* Esox lucius
Central mudminnow Umbra limi
Bowfin Amia calva
Pumpkinseed Lepomis gibbosus
Golden shiner Notemigonus crysoleucas
Pirate perch Aphredoderus sayanus
Blackside darter Percina maculata

10.

11.

12.

13.

14.

15.

16.

17.

Walleye* Stizostedion vitreum
Flathead catfish Pylodictis olivaris
White crappie Pomoxis annularis
Common carp Cyprinus carpio

Black crappie Pomoxis nigromaculatus
Spotted sucker Minytrema melanops
Tadpole madtom Noturus gyrinus

Freshwater drum Aplodinotus grunniens
Quillback Carpoides cyprinus
Gizzard shad Dorsoma cepedianum

L ogperch* Percina caprodes

Channel catfish Ictalurus punctatus

Spotfin shiner Cyprinella spiloptera

Brook silverside Labidesthes sicculus

Mimic shiner Notropis volucellus

Shorthead redhorse Moxostoma macr ol epidotum
Sand shiner Notropis stramineus

Hornyhead chub* Nocomis biguttatus
Grass pickerel Esox americanus
Lake chubsucker Erimyzon sucetta

Rock bass* Ambloplites rupestris
Brown bullhead Ameiurus nebulosus
Longear sunfish Lepomis megalotis
Largemouth bass Micropterus salmoides
Rainbow darter Etheostoma caeruleum

Smallmouth bass* Micropterus dolomieu
Black redhorse Moxostoma duquesnei
Striped shiner Luxilis chrysocephalus

River chub Nocomis micropogon

Northern hog sucker Hypentelium nigricans
Stonecat Noturus flavus

Greenside darter Etheostoma blennioides

Yellow perch Perca flavescens
Rosyface shiner Notropis rubellus

Silver redhorse Moxostoma anisurum
Greater redhorse Moxostoma valenciennesi
Golden redhorse Moxostoma erythrurum

stituent species, and noted when at | east two slopes
differed within each set of equations at a P-value
of 0.05 (Figure 4). We did not consider this avery
conservative test of a cluster’s predictive power
because each cluster score was initially calculated
from Z-scores of its constituent species. Thus, by
definition, the cluster and species scores should be
correlated. Therefore, differences among slopes
within a set of regressions would strongly suggest
that the cluster score might not equally represent
abundances of its constituent species.

Ordination

We selected low-flow yield (LFY) and catch-
ment area (CA) as the primary ordination axes for

streams and their fish assemblages. We defined a
site’'s LFY as the 90% exceedence-flow discharge
divided by its CA. The ability of LFY and CA to
integrate many site-scale habitat features impor-
tant to fishes makes these measures particularly
useful as habitat axes.

Low-flow yield—We used LFY asthefirst major
stream habitat axis. It is a measure of the contri-
bution of groundwater to nonregulated rivers and
reaches its highest levels in basins with highly
permeable surface geology and steep topography
(Hendrickson and Doonan 1972). As such, LFY
captures much variation in water temperatures
among streamsin glaciated Midwestern states such
as Michigan (Hendrickson and Doonan 1972;
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Ficure 3.—Dendrogram from hierarchical cluster
analysis of 69 common fishes at 226 lower Michigan
sites having abundance data for the entire fish assem-
blage. Species abundances were standardized to a Z-
distribution (mean = 0, SD = 1). The complete linkage
clustering method and Pearson distance measure were
used.

ET AL.
TABLE 2.—Sample data and analysis of variance outputs
demonstrating how R2 values were calculated for a site by

using fish abundance and cluster membership data. Data
for site X are fish abundances expressed as Z-scores.

Abundance
Species and statistics Cluster a site X
A 1 -0.2
B 1 -04
C 1 -0.3
D 1 -0.1
E 2 0.8
F 2 12
G 3 0.0
H 3 -0.1
| 3 0.2
Between-clusters sum of squares 212
Total sum of squares 2.30
R2 0.92
2
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FicurRe 4.—Example comparisons of slopes of re-
gressions between the Z-scores of selected fishes and the
average Z-scores for two clusters: (a) the brook trout
cluster, where significantly (P < 0.05) different slopes
wereindicated and (b) the mottled scul pin cluster, where
slopes did not differ significantly.
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Wehrly et al. 1998; Dewberry, unpublished). In
his classification scheme for Midwestern streams,
Dewberry (unpublished) initially proposed LFY as
an index of the stability of stream discharge and
temperature regimes and used the index as an axis
for characterizing a continuum of hydrologically
different streams in Michigan.

Low-flow yield is an index of temperature,
which is one of the magjor factors affecting fish
growth (Brett 1979), survival (Matthews and Sty-
ron 1981; Smale and Rabeni 1995a), and distri-
bution (Magnuson et al. 1979; Shuter et al. 1980;
Legendre and Legendre 1984; Bowlby and Roff
1986; Meisner et al. 1987; Meisner et al. 1988;
Staso and Rahel 1994; Smale and Rabeni 1995b;
Peterson and Rabeni 1996). Not surprisingly, tem-
perature has been identified as a key variable in
many classifications of stream fishes (e.g., Huet
1959; Smith and Fisher 1970; Zalewski and Nai-
man 1985; Hawkes et al. 1986; M atthews and Rob-
ison 1988; Lyons 1989; Rahel and Hubert 1991;
Degerman and Sers 1992; Lyons 1996; Dewberry,
unpublished).

In addition to providing an index of a stream’s
thermal regime, LFY is correlated with a river’s
current velocity conditions during the growing
season and its hydrologic stability or ‘* flashiness”
(Hendrickson and Doonan 1972). Summer stream-
flow and current velocity influence fish behavior
at theindividual level (e.g., Kalleberg 1958; Bach-
man 1984; Godin and Rangeley 1989; Zorn and
Seelbach 1995). At the guild level, hydrologically
stable (high-LFY) Midwestern streams generally
favor fishes characterized as streamlined, pisciv-
orous, intolerant of turbidity and silt substrates,
and preferring moderate velocities (Poff and Allan
1995). As an index of hydrologic stability, LFY
can be thought of as part of a habitat template
(sensu Southwood 1977) favoring particular life
history strategies (Poff and Ward 1989; Poff and
Ward 1990; Schlosser 1990) and influencing lotic
assemblage structure through time (Starrett 1951;
Moyle and Li 1979; Poff and Ward 1989; Bayley
and Li 1994).

Catchment area.—We used each site's catch-
ment area (CA), a correlate of discharge and an
index of stream size, as the second major stream
habitat axis. We used CA to measure stream size,
rather than stream order or width, because it is
readily measured using geographic information
system (GIS) techniques and provides a uniform
understanding of stream size regardless of the
scale of topographic maps or permanence of
streams (Hughes and Omernik 1983).

Numerous early studies (Hynes 1970; Hawkes
1975) described changes in stream environments
and communities, primarily along a longitudinal
gradient from cold headwater streams to large
warmwater streams; others examined upstream—
downstream patterns in warmwater streams. Dis-
tinctions between biotic zones in streams have
been attributed to various factors that often change
predictably in a downstream direction, such as cur-
rent velocity, substrate, stream discharge, temper-
ature, dissolved oxygen, dissolved nutrients, and
biotic interactions (factors cited in various com-
binations by Huet 1959; Kuehne 1962; Smith and
Fisher 1970; Hawkes 1975; Horwitz 1978; Van-
note et al. 1980; Rose and Echelle 1981; Zalewski
and Naiman 1985; Hawkes et al. 1986; Matthews
and Robison 1988; Lyons 1989; Wiley et al. 1990;
Rahel and Hubert 1991; Degerman and Sers 1992;
Lyons 1996). Longitudinal changesin the temporal
stability of stream environments are also thought
to contribute to downstream changes in fish as-
semblage structure (Horwitz 1978; Vannote et al.
1980; Ward and Stanford 1983; Wiley et al. 1990).
For example, CA isan index of the mean and daily
variation in temperature during the growing sea-
son, both of which are important to stream fishes
(Wiley et al. 1990; Gordon et al. 1992; Wehrly et
al. 1998).

Plotting clusters.—The fish abundance data al-
lowed us to quantify the quality of stream habitats
for each fish cluster. We selected sites where each
cluster was most abundant. Those sites had cluster
scores 0.5 standard deviations or more above the
mean cluster score for all sites. We then computed
the geometric mean and standard deviation of LFY
and CA values for each set of sites and used them
as coordinates for ordinating clusters. This process
was repeated for each of the 17 clusters. We used
the same method to plot the mean and range in
measured or predicted weekly temperatures for
July at locations where clusters were most abun-
dant.

Exploratory data analyses indicated that the
MRI hydrology models (Wiley and Seelbach, un-
published data) underpredicted LFY s of somesites
on very small (e.g., CA < 15 km?) trout streams
and that these sites should not be included in or-
dinations. Examination of Michigan stream-gauge
datafrom the U.S. Geological Survey revealed that
substantial populations of salmonids did not occur
in streams with an LFY of less than 0.0028
m3.s-1.km~2, Therefore, sites with predicted LFY
values of less than that but having substantial trout
populations (Z-scores for brook and brown trout
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clusters greater than 0.5 standard deviations above
the mean for all MRI sites) were considered out-
liers and were excluded.

Results
Cluster Analysis

Several interesting groupings emerged within
the cluster hierarchy (Figures 3, 5). The first split
(A in Figure 5) appeared to generally separate fish-
esin small Michigan streams from those more typ-
ical of larger downstream reaches. The clusters
identified at level B in Figure 5 appeared to reflect
the thermal and stream-size requirements of in-
dividual species. For example, clusters containing
species typical of small- to medium-sized cold-
water streams (brook trout, brown trout, and bur-
bot clusters), those having speciestypical of small-
to medium-sized cool streams (hornyhead chub
and rock bass clusters), and those having species
typical of medium to large, warmwater streams
(walleye, freshwater drum, logperch, northern
pike, and black bullhead clusters) are grouped at
this level.

We selected the 17 clusters identified at level C
for further analysis because we thought they would
be useful in amanagement context (Figure 5; Table
1). Species clustered at thislevel often shared fair-
ly distinctive habitat requirements based on life
history accounts such as Trautman (1981) and

Becker (1983). As at level B, membership of spe-
cies in clusters at level C (Table 1) seemed to
reflect similar preferences among fishes for par-
ticular stream temperature and size conditions in
Michigan rivers. For example, fishes that often are
most abundant in small, runoff-dominated streams
(creek chub cluster) were separated from those
more typical of small streams with some ground-
water inputs (mottled sculpin cluster). Brook trout
and slimy sculpin, fishes characterized as being
most typical of very small, highly groundwater-
fed streams, were grouped at level C. Speciestyp-
ical of large-sized warmwater streams were
grouped into several clusters (e.g., freshwater
drum, logperch, and silver redhorse clusters).
Membership of fishes in some clusters seemed to
reflect shared preferences for specific habitats such
as wetlands (northern redbelly dace cluster), veg-
etated floodplains (northern pike cluster), and the
Great Lakes (freshwater drum cluster).

The proportion of variation in fish collections
at 70 sites explained by species membership in the
17 clusters averaged 0.39. Thus, the clusters pro-
vided a reasonable, albeit simplified, picture of
general associations of fishes in lower Michigan
streams. However, considerable variation within
the data remained unexplained.

Regressions of cluster scores against constituent
species Z-scores suggested that a single measure
of cluster abundance should not be used to predict
the abundances of a cluster’s constituent species.
There were significant differences in regression
slopes among cluster members for 11 of the 17
clusters examined (Table 1). These clusters com-
prised 54 of the 69 species studied. The absence
of significantly different slopes among the other
six clusters could result from member species shar-
ing similar abundance patterns or could be related
to the small size of these clusters and the propor-
tionately greater influence of member-species
abundances on the cluster score. A lack of signif-
icantly different slopes occurred only among clus-
ters having three or fewer species (Table 1).

Ordination

The 17 habitat-preference guilds were arrayed
in a biologically interpretable fashion when their
LFY and CA optima (defined as mean LFY and
CA conditions of highest cluster abundance) were
plotted on axes of LFY and CA (Figure 6). For
example, coldwater fishes, such as those in the
brook trout and brown trout clusters, generally
were restricted to small-CA, high-LFY streams;
fishes typical of warm headwaters, such as those
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Ficure 6.—Mean low-flow yield (LFY) and catchment area (CA) conditions of sites on lower Michigan streams
where each of 17 clusters was most abundant (i.e., sites having cluster Z-scores of 0.5 SD or more above the mean

cluster Z-score for all sites).

in the creek chub and brook stickleback clusters,
were found in the small-CA, low-LFY portion of
the graph. Small streams with intermediate LFY
conditions supported coolwater fishes, such as
those in the mottled sculpin and hornyhead chub
clusters.

Cluster optimawere closer together on the LFY-
axis as stream size increased. Still, there appeared
to be separation of guilds, those containing mostly
coolwater fishes (e.g., burbot and rock bass clus-
ters) having optima in higher LFY streams and
more lentic clusters (e.g., black bullhead and
northern pike clusters) having optimain low-LFY
streams (Figure 6). Low-flow yield optima for
clusters of fishes most abundant in larger streams
(i.e., logperch, walleye, smallmouth bass, yellow
perch, and silver redhorse clusters) fell within an
even smaller range of LFY values. This largely
reflected the reduced range in LFY values among
streams of this size (Figure 2).

To explore the discreteness of the clusters, we
plotted the mean LFY and CA conditions where
each cluster was most abundant (+SD; Figure 7).
Considerable overlap in distributions occurred
among most clusters; however, little or no overlap
occurred among those at the extremes of LFY and
CA (Figure 7). The extent of overlap seemed in-

dicative of how frequently individual speciesfrom
different clusters would coexist. For example, in
Michigan rivers, members of the mottled sculpin
cluster commonly coexisted with members of the
brown trout cluster, but rarely coexisted with mem-
bers of the walleye cluster. In addition, highest
standing crop and speciesrichness valuesfor fishes
occurred in Michigan rivers that had LFY—-CA
conditions similar to those where cluster overlap
was greatest (Zorn et al. 1998).

Discussion
Cluster Analysis

The results of the clustering and ordination of
macrohabitat guilds reported here bear many sim-
ilarities to classifications developed in other re-
gions. For example, Ricker’s (1934) classification
of Ontario streams separated streams into groups
based on their size and thermal conditions. Many
of the characteristic fishes (dace, trout, black bass,
pickerel, and catfish) used in classifying Maryland
streams (Van Deusen 1954) were similar to clus-
ters we identified. Correspondence analysis of
stream fishes in Wisconsin (Lyons 1989) identified
water temperature, stream gradient, substrate com-
position, and shoreline vegetation as being im-
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FIGURe 7.—Mean and standard deviation of low-flow yield (LFY) and catchment area (CA) conditions of
sites on lower Michigan streams where each of 17 clusters was most abundant. Identity of clustersis shown

in Figure 6.

portant in determining species associations. Gen-
eral associations among fishesin Lyons' study in-
cluded (1) trout, dace, and sculpin; (2) northern
redbelly dace and brook stickleback; and (3) sun-
fishes and bullheads. Halliwell (1989) combined
Massachusetts fishes into groups that seemed to
reflect shared preferences among species for par-
ticular temperature, stream size, and current ve-
locity. He identified five associations. (1) small,
upland coldwater fishes, including natural repro-
ducing salmonids; (2) a marginal trout community
with a few large trout, blacknose dace, and long-
nose dace; (3) a coolwater group including small-
mouth bass, rock bass, and darters; (4) a warm-
water lentic group containing sunfishes and bull-
heads; and (5) a lowland assemblage containing
pickerel and chubsuckers. Aadland (1993) iden-
tified similar groupings of fishes in Minnesota
streams and related their habitat-use patterns to
depth and current velocity, both correlates of river
size and hydrology. Although our findings gen-
erally seemed to corroborate other studies, direct
comparisons of cluster membership are difficult
because of regional differences in available spe-
cies pools and types of streams examined.

Ordination

Thedistribution of fish macrohabitat guild (clus-
ter) “‘optima’’ (i.e., with respect to LFY and CA)
suggested that fish assemblage structure changes
dramatically along both axes. Optima were most
widely spaced on the LFY-axis in small streams,
but converged with increasing CA (Figure 6). This
seemed to reflect the fact that both hydrologic and
thermal characteristics of Michigan streams tend
to reach extremes of either stability or instability
in headwater reaches. High-LFY, headwater
streams were predominated by coldwater stenoth-
ermic fishes in the brook trout and brown trout
clusters. Species moretolerant of warm, physically
variable, low-velocity pool environments, as rep-
resented by the brook stickleback, creek chub, and
white sucker clusters, were most abundant in low-
LFY headwater streams.

A variety of factors may explain why most head-
water species were not abundant farther down-
stream (Figure 6). Reduced abundances of cold-
water fishes may reflect species intolerance to
warmer conditions downstream or biotic interac-
tions with species better adapted to larger or ther-
mally different stream environments (Waters 1983;
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Larson and Moore 1985; Staso and Rahel 1994).
High tolerances of some headwater fishes for ex-
treme temperature and dissolved oxygen condi-
tions (Matthews and Styron 1981; Smale and Ra-
beni 19953, 1995b) suggest that they also should
thrive in the relatively benign conditions of down-
stream reaches. Biotic interactions or other factors
may prevent these fishes from being abundant in
larger streams. Some examples of thermally tol-
erant, headwater species mentioned in the litera-
ture as being susceptible to predation or being in-
ferior competitors include central stoneroller
(Power et al. 1985), fathead minnow (Becker
1983), creek chub (Becker 1983), and white sucker
Catostomus commersoni (Schlosser 1987). A lack
of deeper pool habitats or the presence of other
physical conditions unsuitable for adult piscivores
may allow such fishes to thrive in headwater en-
vironments (Schlosser 1987).

Convergence in the physical characteristics
(Figure 2) and fish assemblages (Figure 6) of lower
Michigan streams occurred with increasing CA
values. This attenuation of variability often results
from the accumulation of many hydrologically dif-
ferent patches of glacial drift as streams (and their
catchments) grow in size. Streams draining the
smallest catchments, where pure deposits of the

most permeabl e or |east permeable glacial deposits
occur, represent the extremes of hydrologic sta-
bility or instability. However, as catchment size
increases, hydrologically different patches of drift
are often added to the catchment and their hydro-
logic effects blend. This blending effect generally
results in decreased variation in physical condi-
tions and associated fish communities with in-
creasing stream size. Also, in large streams, dis-
charge volume itself becomes an important vari-
able influencing the thermal and hydrologic sta-
bility of habitat characteristics (Gordon et al.
1992).

Because it reflects summer (growing season)
conditions, LFY is correlated with other proximal
variables that have energetic importance to fishes,
including temperature (Zorn et al. 1998) and dis-
solved oxygen (Hendrickson and Doonan 1972;
Brett 1979; Wiley et al. 1990). In this regard, the
LFY—-CA template could be thought of as an index
of summer thermal environments availablein low-
er Michigan rivers. Linkage among LFY, CA, and
stream temperature is supported by the similarity
of gpatial relationships among fish clusters when
plotted on either LFY—CA or summer stream tem-
perature axes (Figure 8). However, local-scale fac-
tors may sometimes weaken linkages between
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LFY, CA, and stream temperature. For example,
upstream riparian shading, local groundwater in-
puts, and the presence of upstream wetlands, lakes,
or impoundments can affect stream temperature
(Wehrly et al. 1998).

Longitudinal Zonation Patterns in Michigan

Streams in glaciated areas such as lower Mich-
igan often do not display the typical longitudinal
patterns (i.e., cold, high-gradient creeks grading
into warm, low-gradient rivers) described by some
authors (e.g., Hawkes 1975; Vannote et al. 1980).
This region contains various types of glacial de-
posits and soil textures in a patchwork that seems
to preclude description of streams using a single
generalized pattern of longitudinal zonation. These
features include end and ground moraines con-
taining particles ranging in texture from clay to
boulders, glacial outwash plains and channels con-
sisting of coarse sands and gravels, and flat glacial
lakebeds of clay. Consequently, some streamshave
warm headwaters and cool lower reaches; others
are cold upstream and warm downstream or alter-
nate between thermal states depending upon char-
acteristics of the landscape. Some investigators

(e.g., Balon and Stewart 1983; Wiley et al. 1990)
have challenged the ideathat all streams share sim-
ilar longitudinal patterns and suggested the need
for more mechanistic approaches to explaining
patterns in fish assemblage structure.

By characterizing a river's hydrology and size,
the LFY—CA axes provide a useful macrohabitat
template for depicting longitudinal changesin fish
assemblages that occur in Midwestern rivers. De-
scriptions of some lower Michigan rivers dem-
onstrate this (Figure 9). Many northeast Michigan
tributaries to Lake Huron initially flow off coarse-
textured outwash deposits but drain relatively flat,
lacustrine sand and gravel deposits further down-
stream. For example, Gilchrist Creek, an upstream
tributary of the Thunder Bay River isgroundwater-
dominated and characterized by a coldwater fish
assemblage, whereas itsreceiving water iswarmed
by lakes, receives more runoff, and has mostly
coolwater and warmwater fishes. Higher species
richness occurs near the confluence of these two
dissimilar streams due to combination of their dif-
ferent fish assemblages (Figure 9). Increased spe-
cies richness would generally be expected at the
confluence of streams having CA and LFY values
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that place them far apart in LFY—CA space. Many
streams in north-central lower Michigan, such as
the North Branch Au Sable River and the Au Sable
River, originate in lakes and marshes within out-
wash plains (Figure 9). These streamsinitially pro-
vide warmwater conditions but become colder as
their valleys descend through outwash plains and
coarse-textured moraines. Going downstream,
clusters having predominant fishes in the assem-
blages of these streams progress from creek chub
and mottled sculpin, to brown trout and brook
trout, to silver redhorse and logperch. Several
southeast Michigan streams, including the Raisin
River, originate in deposits of coarse-textured gla-
cial tills and outwash, but drain lakeplain claysin
their lower reaches (Figure 9). Low-flow yield val-
ues and fish assemblages show the river’'s change
from small and cool upstream to larger and highly
runoff-dominated downstream. By providing a
common framework for comparing streams, the
LFY—CA axes have helped in assessing the phys-
ical and biological potential of Michigan rivers,
thus allowing fishery managers to better explain,
justify, and build public support for river man-
agement plans and actions.

Limitations

Although the fish clusters explained consider-
able variation within the MRI data set, they pro-
vide only avery generalized and abstracted model
of Michigan stream fish assemblage structure. The
17 clusters identified in this study explained about
39% of the variation in fish distributions among
the 226 MRI sites, and identify several meaningful
groupings of fishes. However, analyses of regres-
sion slopes demonstrated that the macro-habitat
guilds did not equally represent the patterns in
abundance of their constituent fishes (Table 1). We
found differences in slopes among species within
clusters for 11 of 17 clusters (or 54 of the 69
species) studied. Thisis similar to Strauss' (1982)
analysis of Pennsylvania streams, in which only
27 out of 43 fishes used were included in statis-
tically significant clusters. These findings suggest
that models incorporating species-specific prefer-
ences for physical and biotic conditions may better
explain distributions of fishes. We are presently
developing species-specific models for fishes in
Michigan rivers.

Our experience with generating clusters also
suggested that cluster membership of some fishes
should be viewed as tenuous. Cluster membership
was generally more stable for headwater fishes
than for fishes typical of large rivers, possibly be-

cause of the greater range of physical conditions
in lower Michigan’s small streams. Because they
were generated from summer field survey data, the
clusters identified here represent groups of species
whose abundances during the growing season were
correlated. Because of seasonal differences in
movement and habitat use among species, different
species clusters might have been identified if fish
abundance data from other seasons were included
in this analysis.

We believe the approach of using LFY and CA
as ordination axes for contrasting streams and dis-
playing fish abundance patterns is widely appli-
cable. These axes should be especially useful in
geologically patchy regions, such as glaciated ar-
eas. The LFY and CA axes appear to work well
in lower Michigan because they explain much of
the variation in stream temperatures in the region.
Empirical relationships among LFY, CA, and fish
abundances that we describe, however, are specific
to lower Michigan because air and groundwater
temperatures (and resulting stream temperatures)
vary regionally. For example, two streams, one in
Michigan's Upper Peninsula and the other in
southern Ohio, might have identical LFY and CA
characteristics but quite different stream temper-
ature conditions and fish assemblages. Still, the
LFY—-CA approach could be used to devel op mod-
els specific to other regions that relate fish abun-
dances to LFY and CA.

The LFY—CA habitat axes are valuable because
they integrate many important features of stream
habitats. However, as integrative variables, LFY
and CA do not distinguish which particular factor
may be limiting fish abundances at a particular site.
In addition, LFY and CA do not account for local
factors that may influence stream conditions and
fish assemblage structure at sites. Such factorsin-
clude groundwater inputs, substrate conditions,
woody debris, dams, and lakes. Nevertheless, the
LFY—-CA axes provide a useful framework for de-
scribing individual streams within a geographi-
cally broader context, for characterizing astream’s
biological potential, and for suggesting large-scale
constraints upon a system.

Utility in Management and Restoration Work

Despite the caveats outlined above, the identi-
fication of macrohabitat guilds and their ordination
on simple but meaningful habitat axes provide a
useful, though very generalized, description of the
way stream fish assemblage structure varies across
lower Michigan rivers. Because it is derived from
an extensive regional sample, the ordination rep-
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resents a kind of empirical database model, which
has already proved useful in several regional man-
agement and restoration scenarios. The ordination,
for example, can be used in a predictive mode by
writing simple code (in Microsoft Excel or other
programmable environment) to determine which
guilds are likely to occur at a site with a given
catchment area and base-flow yield. Evaluation
can be based on any simple variance-based test to
determine whether a site falls within the range of
optimal axes values for each guild (e.g., within 1
SD or any error bound of choice). Expectations
about the macrohabitat guilds likely to occur at a
site provide a general evaluation of the potential
fish community for the site, and even apreliminary
list of species that could occur. Because guilds
with high degrees of overlap in the ordination
space need not necessarily occur together, the po-
tential taxa list identified in this way can be ex-
pected to be larger than would actually occur at
any site. Nonetheless, expectations about the spe-
cies structure for a given site can be generated
from macrohabitat descriptions (CA and LFY) eas-
ily obtainable for any site in the region.

We have, for example, used this approach to
develop fish community restoration targets for the
highly urbanized Rouge River, which drains much
of metropolitan Detroit, Michigan (Wiley et al.
1998). Federally mandated expenditures of
U.S.$300 million to correct massive water quality
impairments associated with sewage overflows
needed site-specific biological targets to help de-
fine water quality and hydrologic design end-
points. The ordination-based model described here
provided a consistent and regionally based ap-
proach to specifying which sport fishery taxacould
reasonably be expected to flourish if future water
quality and hydrologic regimes could be improved
at a series of index sites across the catchment.
Because the Rouge River isarelatively small river
located on Lake Erie lakeplain, LFY values are
low (averaging roughly 0.001 m3-s-t-km-2; po-
tential species of fisheries included rock bass,
northern pike, bullheads, common carp, and, in the
lower reaches of the river, smallmouth bass. We
have used the same approach to evaluate the cold-
water fisheries potential of a publicly owned reach
of a Lake Michigan tributary that was receiving
significant point source discharges from an agri-
cultural packing plant (Wiley and Seelbach 1997)
and in a restoration planning study evaluating the
potential effects of dam removal on the upstream
fish communities (Seelbach and Wiley 1996). The
macrohabitat guilds described here have also been

used to summarize fish assemblages in the stream
classification system used for fisheries manage-
ment planning by MDNR (Seelbach et al. 1997).
In al of these cases, the simplification introduced
by the use of macrohabitat guilds and the heuristic
value of easily visualized ordination axes has prov-
en particularly valuable in discussions with man-
agers and the general public.
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