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Abstract. Fish assemblages at 16 sites in the upper French Broad River basin, North Carolina
were related to environmental characteristics using detrended correspondence analysis, principal
components analysis, and linear regression. The primary gradient affecting sites in this basin was
related to agricultural influence, characterized by high levels of agricultural land cover, nitrate plus
nitrite, sulfate, specific conductance, and sediment. Agricultural influence on the fish assemblage
was represented as a trophic shift from specialized insectivores to generalized insectivores and an
herbivore. A secondary influence on variation among sites was related to urban land cover, popula-
tion density, increased concentrations of metals, and soil erodibility. This primarily urban gradient
was characterized by an increase in the number of native and introduced fish species, particularly
sunfish and omnivores species, and a decline in the percent of piscivores. These results support the
identification of indicators for different environmental influences, which can improve the ability of
resource managers to diagnose impairment in this basin and in similar basins.
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1. Introduction

Resource managers are often interested in assessing aquatic resources at the scale
of a river basin. This is the spatial scale where management decisions and activ-
ities are usually focused, and where restoration activities will most likely occur
(Holling, 1992). Within moderately-sized river basins, variation in natural envir-
onmental characteristics such as geographic and geologic features (Matthews and
Robison, 1988; Whittier et al., 1988; Changeux and Pont, 1995), climate (Lyons,
1996), and the evolutionary history of the drainage basin (Angermeier and Win-
ston, 1999) are reduced. Aquatic communities within a basin may be structured by
more local factors such as hydrology, water quality, and habitat (Matthews, 1998).
Human activity in a basin can have a significant effect on aquatic communities, and
without appropriate management, streams can experience a decline in biological
integrity (U.S. Environmental Protection Agency, 2001).

Fish assemblage characteristics are widely used as a measure of biological in-
tegrity at the basin scale. A method for assessing biological integrity of streams
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using fish assemblage characteristics (bioassessment) was originally developed for
the Midwestern United States but has been modified for application in many geo-
graphic regions (Leonard and Orth, 1986; Angermeier and Schlosser, 1987; Miller
et al., 1988; Hughes et al., 1998). In bioassessment, changes in fish assemblages are
typically quantified by a variety of statistics, termed metrics (Karr, 1981; Hughes
et al., 1998). Metrics may be used to summarize species richness and composition,
feeding guilds, and reproductive guilds (Karr, 1981). Two underlying assumptions
of the bioassessment approach are that fish assemblages within a region are struc-
tured primarily by their level of degradation, and that metrics integrate multiple
sources of anthropogenic influence such that degradation can be considered in a
single dimension.

Because metrics integrate multiple sources of anthropogenic influence, they
are useful for tracking and monitoring complex systems (Karr and Chu, 1999),
but less useful for identifying specific causes of impairment (Bryce et al., 1999).
Multivariate statistical techniques are often used to provide objective methods for
identifying the most significant environmental gradients. For example, Waite and
Carpenter (2000) found that fish communities in Oregon’s Willamette basin were
related to stream channel width and concentrations of dissolved oxygen, phosphate,
and pesticides. Maret et al. (1997) found that distributions of fish species among
sites in the upper Snake River Basin in the western U.S.A. were related primarily to
stream gradient, watershed size, conductivity, and percent forested land. Zampella
and Bunnell (1998) found that anthropogenic influences such as increased pH, con-
ductivity, and agricultural land use were most important for explaining differences
among fish assemblages in New Jersey Pineland streams. Basin-scale studies using
multivariate statistical analysis can provide insight into the response of stream
ecology to environmental variables, and can help identify and diagnose specific
causes of impairment.

The first objective of this paper is to assess how differences among sites, in
terms of their fish assemblages, are related to environmental characteristics in the
tributaries to the upper French Broad River in North Carolina. A multivariate stat-
istical approach is used for this assessment. The second objective of this paper is
to identify the specific changes in fish assemblage metrics that occur in response to
identified gradients. The upper French Broad River provides several advantages for
addressing basin-scale variables because of the relative homogeneity of its tributar-
ies with respect to regional-scale characteristics such as geologic setting, climate,
and ecoregion. The results should be useful in the development and refinement of
environmental management approaches for fishes in the French Broad River basin,
and in similar basins where biological criteria are employed.
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Figure 1. Location of study sites in the upper French Broad River basin, North Carolina.

2. Methods

2.1. DESCRIPTION OF THE STUDY AREA

The French Broad River, the largest tributary to the Tennessee River, originates
near the North Carolina-South Carolina state line and flows north though the Ap-
palachian mountains into Tennessee (Figure 1). The river crosses the Appalachian
divide near the Tennessee-North Carolina state line; it was able to cut into the
rock faster than the mountains were being uplifted. The upper French Broad River
drains a 4862 km2 area of the Blue Ridge ecoregion (Omernick, 1987). This basin
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is mountainous, and is underlain by igneous and metamorphic geology (USGS,
1979). Streams in the upper French Broad are typically clear and are of relatively
low productivity, with alternating riffles and pools over bedrock and boulder sub-
strates (Etnier and Starnes, 1993). The majority of the upper French Broad River
basin is forested (70%), while agriculture accounts for 21% of the basin’s land
area. The remaining area of the basin supports mainly industrial and urban land
uses, especially in and around Asheville, North Carolina.

Water-quality conditions in the French Broad River have varied greatly over
time. In 1945, the Tennessee Valley Authority (TVA) reported that severe industrial
pollution from tannery and textile wastes was a particular problem, and that bac-
terial contamination was widespread at that time because most municipal sewage
systems discharged raw sewage directly into streams (TVA, 1945). Water-quality
monitoring data from the U.S. Geological Survey (USGS) station on the French
Broad at Marshall, North Carolina, 33 river kilometers downstream of Asheville,
suggests that water quality first declined but subsequently improved during the
period 1958–1977 (USGS, 1979). By 1977, improved industrial technology and
implementation of waste-water treatment had combined to reverse earlier trends
and improve overall water-quality conditions at least to the levels observed in 1958.
This occurred in spite of increased population and industrial growth in the areas
upstream of the monitoring site. In a more recent study, agricultural runoff, urban
runoff, and construction have been identified as the major sources of water-quality
impairment in the upper French Broad River basin (North Carolina Department of
Environment and Natural Resources, 1998).

2.2. DATA COLLECTION

Quantitative fish assemblage data were collected at 16 sites in the upper French
Broad River basin by the USGS National Water-Quality Assessment (NAWQA)
Program (Figure 1, Table I). Sites were selected to be representative of the stream,
to avoid discontinuities in riparian or instream characteristics, and to minimize the
impact of impoundments. Fish data were collected during low- and stable-flow
conditions between 7 April and 13 August 1997. Fish samples at each site were
collected using NAWQA Program electrofishing and seining protocols (Meador et
al., 1993). Backpack electrofishing gear was used for one-pass sampling in an up-
stream direction, and seining was used to complement electrofishing, particularly
for deep pools. Samples were collected in a reach length equivalent to 20 times
the channel width that included at least two units of pools and riffles (Table I). Fish
collected across all habitats were combined in a single sample, and specimens were
identified and counted in the field. Species were grouped by family and trophic
group. The trophic groups used (insectivores, specialized insectivores, omnivores,
herbivores, and piscivores) corresponded to those used by TVA (Saylor and Scott,
1987). Species were also identified as native or introduced and tolerant or intolerant
to environmental degradation based on TVA data.
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Basin-scale habitat variables were obtained for each of the 16 sites sampled,
mostly using Geographic Information System (GIS) methods. Delineation of the
drainage basins above each of the sampling sites was accomplished by merging
estimated drainage divides taken from USGS 1:24 000-scale topographic maps
with existing digitized hydrologic unit delineations from the U.S. Department of
Agriculture Natural Resources Conservation Service. The resulting drainage delin-
eations were used to calculate drainage area, mean basin elevation, mean rainfall,
soil erodibility, and population density. Mean basin elevations for each watershed
were taken from USGS digital elevation models at 30 m resolution. Mean rainfall
was calculated from 1997 TVA data; Theissen polygons were used to estimate
between 18 rainfall stations for the upper French Broad basin and an area-weighted
average rainfall was calculated for the watershed of each site. Soil erodibility,
which indicates how likely soil is to erode based on its physical and chemical
properties, was calculated as an area-weighted average using the U.S. Department
of Agriculture State Soil Geographic Database. Population density was estimated
as an area-weighted average from 1990 census data. Percentages for forested, agri-
cultural, and urban land cover were taken from 1990 TVA Landsat data at the scale
of 50 m cells. Stream gradient, site elevation, and sinuosity were measured on
USGS 1:24 000-scale topographic maps. Sinuosity was measured as river distance
divided by the straightline distance between the upstream and downstream ends of
a segment of stream (minimum length of 2 km) containing the sample site.

Hydrologic and water-quality data were collected once at each of the 16 sites
between 8 April and 9 July 1997, in most cases (11 of 16 sites) on the same day as
the collection of fish samples. All fish and water-quality sampling sites coincided
except at the Ivy River where water-quality data was collected at river km 8.7 and
fish samples were collected at river km 1.5. This difference was considered minor
because the drainage areas of the two sites differed by less than 3%. Stream flow
measurements and field measurements for water temperature and specific conduct-
ance were collected on-site. Water samples were collected at all sites and shipped
to the USGS National Water Quality Laboratory in Arvada, Colorado for ana-
lysis of multiple water quality parameters (suspended sediment, ammonia, nitrate
plus nitrite, total phosphorus, iron, manganese, calcium, magnesium, and sulfate).
Samples for analysis of atrazine and metolachlor, the most commonly detected
herbicides in the basin, and total coliform bacteria were also taken. All water-
quality data were collected and recorded according to USGS NAWQA protocols to
insure consistency (Shelton, 1994).

2.3. DATA ANALYSIS

Detrended correspondence analysis (DCA) was used to analyze fish assemblage
data that were converted to relative abundances (percent of the total abundance
at each site). DCA is a unimodal ordination technique that can be used to derive
important environmental gradients from species composition data. Correspondence
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analysis arranges species and sites across a set of orthogonal axes so that sites
that are similar in terms of their species compositions are closer to one another in
ordination space, and species with similar distributions across sites tend to group
together in ordination space. Species are located at the mode of the unimodal
distribution of the individual species’ relative abundance along that axis. Sites
are located along the DCA axes based on a weighted average of species scores.
Analyses were conducted using PC-ORD software (McCune and Mefford, 1999).
Detrending by segments, using 26 segments, was applied to remove the arch effect
(Gauch, 1982). Rare species were censured at 0.03% total abundance because mul-
tivariate analysis can be overly sensitive to rare species (Ter Braak and Smilauer,
1998). The analysis was also run with rare species retained, because their omission
has recently been criticized (Karr and Chu, 1999, and references therein). Initial
DCA analyses indicated that one site (Mud Creek) was an extreme outlier. The
degree of separation between Mud Creek and all other sites along the first DCA
axis was so great that it obscured the identification of differences among other sites
(Gauch, 1982). For this reason, Mud Creek was dropped from further analyses.

The initial set of 26 environmental variables was examined for variability, nor-
mality, and multicolinearity, then a subset of these variables was used in a Principal
Components Analysis (PCA). Variables were first tested to insure sufficient variab-
ility (Coefficient of Variation >10); mean basin elevation did not meet this criterion
and was deleted. The Shapiro-Wilk test was then used to examine normality of vari-
ables (SAS Institute, 1988). Non-normally distributed variables were transformed
to improve normality and homoscedasity (Gauch, 1982); those that could not be
transformed to meet the normality criterion (p > 0.05, ammonia, atrazine, and
metolachlor) were dropped from further analysis. Spearman rank correlations were
used to examine remaining environmental variables for multicolinearity (SAS In-
stitute, 1988). When a set of highly correlated variables (r > |0.95|) was identified,
the most easily interpreted variable was chosen to represent the set (Glantz and
Slinker, 1990). Using this approach, percent agricultural land was used to represent
percent forested land, and specific conductance was selected to represent calcium
and magnesium. The remaining 19 environmental variables were analyzed using
PCA (SAS Institute, 1988). Site scores for PCA axes that explained at least 10% of
the variation among sites were related to DCA site scores using linear regression
analysis (SAS Institute, 1988).

Nine established fish assemblage metrics developed by TVA for use in the
upper Tennessee River basin were calculated based on the raw fish data from
each site. The metrics represented fish species composition (numbers of native
species, sunfish species less Micropterus, darter species, sucker species, and intol-
erant species, and percent of individuals as tolerant species) and trophic groupings
(percent of individuals as specialized insectivores, omnivores plus herbivores less
Ichthyomyzon, and piscivores) (Saylor and Scott, 1987). Most of these metrics
were expected to decrease with increasing anthropogenic impact. Only two metrics,
percent omnivores plus herbivores and percent tolerant species, were expected to
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increase with increasing impairment. Metrics were related to DCA species axis
scores using Pearson correlation analysis (SAS Institute, 1988). All statistical tests
were considered significant at p < 0.05.

3. Results

A total of 46 fish species were collected and 38 of these were retained for analysis
(Table II). Five of the 38 species were introduced. Based upon past sampling by
North Carolina Wildlife Resources Commission and TVA, one species, Lepomis
cyanellus (green sunfish), was a new report for the basin, representing a range
extension (C. Saylor, TVA, pers. comm. 1998). Eight Families were collected, with
the dominant Family being Cyprinidae (minnows, 18 of the 38 species) followed
by the Centrarchidae (sunfish) and Percidae (perches and darters) with 6 species
each (Table II). Species richness ranged from 9 at Reems Creek to 27 at Davidson
River. Comparisons with earlier studies indicate that fish species richness and com-
position found during this survey were typical for the upper French Broad River
basin (Harned, 1979).

The eigenvalues for the first three DCA axes were 0.473, 0.262, and 0.072, and
only the first two were retained for further analysis. Results from the DCA analysis
of fish assemblage data are shown for the case where rare species are censured
(Figure 2); results from this analysis did not differ significantly from results where
species were retained. Generally, the groupings of sites in the ordination diagram
were closely related to their longitudinal position in the basin. The most upstream
sites in the upper French Broad basin (the French Broad River at Rosman, South
Hominy Creek, and Little, Mills, and Davidson Rivers) were located at the left of
Figure 2. Sites near Asheville (Swannanoa River, Cane Creek, and Hominy Creek)
were located at the bottom of Figure 2. Sites directly downstream of Asheville
(Flat, Reems, Newfound, and Sandymush Creeks) were located on the right of
Figure 2, and sites located furthest downstream in the upper French Broad basin,
(Big Laurel Creek, Spring Creek, and Ivy River) plotted at the top of Figure 2.

The first three PCA axes explained a total of 73% of the variance in environ-
mental data (Table III). Environmental variables with the highest absolute loadings
on PCA Axis 1 were sulfate, rainfall, specific conductance, nitrate plus nitrite,
percent agricultural land cover, and suspended sediment. The environmental vari-
ables with the highest absolute loadings on PCA Axis 2 were population density,
manganese, percent urban land cover, soil erodibility, iron, stream gradient, and site
elevation. For PCA Axis 3, drainage area and flow had the highest factor loadings.
Linear regression analysis of the first two DCA axes to the first three PCA axes
gave the following results: DCA Axis 1 was significantly related only to PCA
Axis 1 (Figure 3a); and DCA Axis 2 was significantly related only to PCA Axis 2
(Figure 3b).
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TABLE II

Names, feeding groups, and tolerance ratings of fish species collected in the Upper French Broad
River basin, North Carolina

Family Scientific name Common name Feedinga Tolerance

(I = Introduced)

Petromyzontidae Ichthyomyzon greeleyi mountain brook H
lamprey

Cyprinidae Campostoma anomalum central stoneroller H
Cyprinella galactura whitetail shiner I
Cyprinella spiloptera spotfin shiner I Tolerant
Erimystax insignis blotched chub O
Luxilus coccogenis warpaint shiner S
Nocomis micropogon river chub O
Notemigonus crysoleucas golden shiner O Tolerant
Notropis amblops bigeye chub S
Notropis leuciodus Tennessee shiner S
Notropis photogenis silver shiner S
Notropis rubricroceus saffron shiner S
Notropis spectrunculus mirror shiner S
Notropis telescopus telescope shiner S Intolerant
Phenacobius crassilabrum fatlips minnow S
Pimephales promelas (I) fathead minnow O
Rhinichthys atratulus blacknose dace I
Rhinichthys cataractae longnose dace S
Semotilus atromaculatus creek chub I Tolerant

Catostomidae Catostomus commersoni white sucker O Tolerant
Hypentelium nigricans northern hogsucker I
Moxostoma duquesnei black redhorse I Intolerant

Ictaluridae Ameiurus platycephalus (I) flat bullhead I
Salmonidae Oncorhynchus mykiss (I) rainbow trout I

Salmo trutta (I) brown trout P
Cottidae Cottus bairdi mottled sculpin I
Centrarchidae Ambloplites rupestris rock bass P Intolerant

Lepomis auritus (I) redbreast sunfish I
Lepomis cyanellus green sunfish I Tolerant
Lepomis macrochirus bluegill I
Micropterus dolomieu smallmouth bass P
Micropterus salmoides largemouth bass P

Percidae Etheostoma blennioides greenside darter S
Etheostoma chlorobranchium greenfin darter S
Etheostoma flabellare fantail darter S Intolerant
Etheostoma rufilineatum redline darter S
Etheostoma swannanoa Swannanoa darter S
Percina evides gilt darter S Intolerant

a H = Herbivore, O = Omnivore, I = Insectivore, S = Specialized insectivore, P = Piscivore.
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TABLE III

Factor loadings of environmental variables on the first three principal
components

Environmental variable Principal component

1 2 3

Agricultural land cover (%) 0.843 0.345 – 0.086

Drainage area (km2) – 0.093 – 0.088 0.759

Flow (cubic feet per second) – 0.416 – 0.580 0.752

Iron (µg L−1 as Fe)a – 0.578 0.674 – 0.010

Manganese (µg L−1 as Mn)a 0.321 0.839 – 0.062

Nitrate plus nitrite (mg L−1 as N) 0.877 0.183 0.183

Population densityb 0.319 0.848 0.032

Rainfall (cm yr−1) – 0.906 0.233 – 0.144

Site elevation (m) – 0.563 0.625 – 0.089

Soil erodibility 0.072 0.790 – 0.326

Specific conductance (µS cm−1) 0.887 0.232 – 0.105

Stream gradient (%)b 0.524 – 0.661 – 0.358

Sinuositya 0.322 0.065 0.491

Sulfate (mg L−1 as SO4) 0.908 0.168 – 0.052

Suspended sediment (mg L−1) 0.828 – 0.132 0.268

Temperature (C)b – 0.699 – 0.043 – 0.109

Total coliform (colonies per 100 mL) 0.628 – 0.206 – 0.446

Total phosphorous (mg L−1 as P)b 0.554 0.077 0.526

Urban land cover (%)b 0.008 0.794 0.188

Percent of variance explained 38.0 22.8 12.1

a Log transformed.
b Square-root transformed.

Six of the nine original metrics were significantly correlated with site scores
for DCA axes 1 and 2. The metrics with significant correlations to DCA Axis 1
were percent specialized insectivores (r = –0.77, p = 0.0008), number of darters
(r = –0.73, p = 0.0019), number of intolerant species (r = –0.56, p = 0.0295),
and percent omnivores plus herbivores (r = 0.52, p = 0.0461) (Figure 3a). Percent
specialized insectivores and numbers of darter and intolerant species decreased
with increased agricultural land use. However, all darter species and most intolerant
species are specialized insectivores, so these metrics are not independent. The left
side of the ordination diagram (Figure 2) was characterized by specialized insect-
ivore minnow and darter species such as saffron shiner, mirror shiner, gilt darter,
and redline darter, and also by fish species known to occur at higher elevations,
including mottled sculpin, rainbow trout, and brown trout. The more agricultural
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Figure 3. Significant linear regression results from (a) first axes and (b) second axes of principal
components analysis (PCA) and detrended correspondence analysis (DCA). Also shown are the
environmental variables with the highest absolute loadings on the PCA axes and the bioassessment
metrics with significant relations to the DCA axes.

sites at the far right of Figure 2 were represented by generalized insectivorous
minnow species such as blacknose dace, whitetail shiner, creek chub. The increase
in the metric of percent omnivores plus herbivores with increasing agricultural
landcover was due mostly to the increase in stonerollers, which are herbivorous.
The assemblage changes identified in response to an increase in agricultural land
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cover are consistent with the expectations for these metrics in this basin (Saylor
and Scott, 1987).

The metrics significantly correlated with DCA Axis 2 were native species rich-
ness (r = –0.61, p = 0.0162) and percent of piscivores (r = 0.58, p = 0.0241)
(Figure 3b). That is, the urban sites at the base of Figure 2 contained more native
species than the more forested sites located at the top of Figure 2. The increase in
native species richness is unexpected, since this metric is expected to decline in
response to degradation (Saylor and Scott, 1987). The bottom of the figure was
characterized by two native sunfish species, green sunfish and bluegill, and by
omnivores such as fathead minnow, golden shiner, and blotched chub. This region
of the graph is also represented by three introduced species, redbreast sunfish, flat
bullhead, and fathead minnow. The sites with greater urban landcover contained
a lower percentage of piscivores than the more forested sites located at the top of
Figure 2, as expected (Saylor and Scott, 1987). The more forested sites at the top
of Figure 2 supported two piscivore species, smallmouth bass and rock bass, and
were also characterized by four specialized insectivore species (telescope shiner,
Tennessee shiner, greenside darter, greenfin darter).

4. Discussion

The design of this study allowed us to examine the influence of environmental
variables on fish assemblages in the upper French Broad River basin, and a sig-
nificant result was the identification of agricultural and urban influences. DCA
Axis 1 was represented by percentage of agricultural land cover and several water
quality variables that are known to be related to agriculture (Table III, Figure 3a).
Increased nitrogen concentrations often result from agricultural applications of
synthetic fertilizers or manure and can be used to infer agricultural influences
(Lenat and Crawford, 1994). The high loading of specific conductance values may
also point to agricultural sources (Brown, 2000). Higher specific conductances in
agricultural sites could reflect the use of both ammonium and nitrate based fertil-
izers as well as heavy applications of manure. The increased sulfate could be due to
ammonium sulfate, which is used as a fertilizer in North Carolina. Many required
micronutrients such as copper, zinc, and iron are also commonly applied as sulfate
salts. DCA Axis 2 likely represents urban influences; variables that loaded highly
on this axis were percentage urban land cover, population density, iron concentra-
tions, and manganese concentrations (Table III, Figure 3b). Population density is
strongly related to urban activity and land development. Urban streams are often
characterized by higher metals concentrations (Lenat and Crawford, 1994), which
may account for the relations of this axis with iron and manganese concentrations.
Additional assessment is needed to further elucidate specific environmental effects
of urbanization.
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In addition to the human-induced factors, natural environmental characteristics
also appeared to play a role in structuring fish assemblages in the upper French
Broad river basin. Changes in the fish assemblage along the first DCA axis were
related to rainfall; the sites at the left end of DCA Axis 1 (Figure 2) were located
in the headwaters of the basin where the highest rainfall occurs. The second DCA
axis, in addition to reflecting urban land use, was also related to soil erodibility,
stream gradient, and elevation. Other studies have demonstrated effects of stream
gradient and elevation on fish assemblages (Edds, 1993; Maret et al., 1997; Brown,
2000), but unlike these studies, results from the French Broad showed that sites
with lower stream gradient were located at higher elevation. Such sites contained
more urban land and occurred in and around the city of Asheville, which is located
in an intermontane valley of moderate relief (USGS, 1979). The sites at the top of
DCA axis 2 (Figure 2) are located furthest downstream in the upper French Broad
basin where the river cuts through the core of the Appalachian mountains (USGS,
1979), so it is not surprising that these streams have a higher gradient and are more
forested. These findings underscore the interplay of natural and human-induced
factors in this basin.

The set of environmental variables used in this study were relatively successful
in explaining the species patterns identified by DCA. The r2 values for the re-
gression, 0.59 and 0.71, are within the range of values reported for similar studies
(0.3–0.8, e.g., Matthews and Robison, 1988; Ibarra and Stewart, 1989; Goldstein et
al., 1996). Environmental characteristics that may explain additional variance, but
were not measured in this study, include influence from impoundments, effects of
past land use, land use in the riparian zone, and point-source pollution. Impound-
ments, which occur on the Little and Ivy Rivers, can restrict the movement of fishes
and alter aquatic habitat. Past land use can have long-term consequences for fish
assemblages. However, Harding et al. (1998), in a study of the influence of past
land use on present-day fish species richness in North Carolina river basins, found
that species richness in the upper French Broad was best explained by localized
current land use. Localized land use effects, particularly in the riparian zone, can
influence stream fish assemblages because stream ecosystems depend on inputs of
woody debris and organic matter from the riparian zone (Allan, 1995). Point-source
industrial and domestic pollution can also have serious effects on fish assemblages;
such pollution has long been observed in the upper French Broad River basin
(TVA, 1945; USGS, 1979; North Carolina Department of Environment and Natural
Resources, 1998). This could explain why Mud Creek was an outlier compared to
the rest of the sites in the basin. This analysis suggests that further study is needed
to identify causes of impairment for this site in particular.

Multimetric and multivariate techniques used in this study were complementary
in assessing the influence of environmental characteristics on fish assemblages
(Norris, 1995). Metrics are useful for data interpretation because they summar-
ize changes in multiple species and highlight biologically meaningful patterns
(Fausch et al., 1990; Gerritsen, 1995). Multivariate techniques provide an objective
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way of identifying the relative importance of various factors in structuring fish
assemblages (Fausch et al., 1990). A multivariate approach also allows us to go
beyond the assumption used in bioassessment that anthropogenic influence occurs
in a single dimension, and allows us to gain insight into multiple dimensions of
fish assemblage change. Designating only two land use types, developed and un-
developed, is most likely an oversimplification for examining human impacts on
fish assemblages (Hall et al., 1996).

The effect of increasing agricultural land cover in the basin was reflected primar-
ily by a shift in the trophic structure of the fish assemblage from specialized insect-
ivores to one herbivore and generalized insectivores. The decline in specialized
insectivores may be due to a reduction in their food source, because certain species
of benthic invertebrates recognized as intolerant to pollution are known to decline
with human impact in this geographic area (Lenat, 1993; Kerans and Karr, 1994).
In particular, some benthic invertebrates have been shown to be highly sensitive to
increases in sediment (Richards and Host, 1994; Wood and Armitage, 1997). The
increase in generalized insectivores could be due to release from competition for
food. The increase in the relative abundance of the herbivorous central stoneroller
is likely due to increasing algal density, which in turn is influenced by the increased
nutrient input associated with agricultural activity (Matthews et al., 1987).

An increase in urban land cover along the DCA Axis 2 was related to an in-
crease in the number of both native and introduced species. Although the native
species metric is expected to decline in response to degradation, this is not always
observed. For example, Lyons et al. (1996) found that environmental degradation
caused an increase in species richness in coldwater fish assemblages, due to the
addition of tolerant warmwater species, including sunfish and suckers. Land-use
development and associated effluents can lead to increased stream temperature
(Hynes, 1970). Temperature increases are difficult to detect through the one-time
sampling methods used here, but may be biologically significant in a high-elevation
system like the upper French Broad. Flow and habitat modification associated with
urbanization may also promote the invasion of certain native sunfish and minnow
species that are habitat generalists (Mayden, 1987). These conditions also favor
invasions by non-native species.

The basin-scale design and approach used here can be applied to improve stream
assessment and management. For example, this approach has shown how metrics
differ from one another in their responses to environmental gradients, and as such,
certain metrics may serve as more sensitive indicators than a multimetric index.
Specialized insectivores were most sensitive to impairment due to an increase in
agricultural land cover. Species richness may not be the best indicator of integrity
in this basin, due to the increase in non-native and warmwater generalists with
increasing urban impairment. The identification of useful indicators, or assessment
endpoints, allows management objectives to be more explicitly defined (Serveiss,
2002). Also, this study identified two different paths of fish assemblage change
associated with agricultural and urban influence; the recognition of the different
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changes that occur along these two pathways can be used to diagnose the pos-
sible cause of stream impairment in this basin and in similar basins (Norton et al.,
2000). This allows for more specific and targeted management options to be em-
ployed. For example, a stream impaired by urban influence may require restoration
strategies that differ from the best management practices designed to minimize
the effects of agriculture on aquatic systems. A basin-scale study such as this
can support a more integrated strategy for the management of water quality and
biological integrity of streams within a basin.
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