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Topeka shiners (Notropis topeka) were historically abundant throughout many Great
Plains streams but their abundance and distribution declined and the species was listed
as federally endangered in 1999. However, few studies have examined how Topeka
shiner populations are linked to biotic and abiotic factors. Thus, the objectives of this
study were to identify trends in Topeka shiner distribution from 1995 to 2008 and
determine which fish assemblage and habitat factors were most associated with
Topeka shiner distribution in Kansas streams. Fish and in-stream habitat metrics were
collected from 34 sites in northeast Kansas in 1995, 2003, and 2008. Stepwise discriminant function analyses (DFA) were used to determine if fish assemblage percent composition and in-stream and landscape habitat factors could be used to differentiate
among years and between sites with and without Topeka shiners. Higher percent composition of rosyface shiner (Notropis rubellus) was generally indicative of sites with
Topeka shiners whereas higher relative abundance of central stoneroller (Campostoma
anomalum) and largemouth bass (Micropterus salmoides) were associated with sites
without Topeka shiners. Sites with Topeka shiners also tended to have more gravel
substrate and greater mean stream length, whereas sites without Topeka shiners generally had higher proportional impoundment area and proportional urban land area.
These findings suggest that anthropogenic alteration of habitat in and around streams
with Topeka shiners may facilitate their declines and establishment of non-native or
generalist fishes. Our results may help managers identify habitats with the greatest
need for protection or restoration and may help protect Topeka shiner populations
from further population declines.
Keywords: Notropis topeka; conservation; habitat; community; fish assemblage

Introduction
Humans have altered many freshwater ecosystems throughout the world (Strayer and
Dudgeon 2010) and these changes have homogenized habitats and impacted biota of these
ecosystems. Human-mediated changes to freshwaters are among the leading causes of
declines and extirpations of native fishes (Warren et al. 2000; Jelks et al. 2008; Strayer
and Dudgeon 2010). Flow manipulation (Poff et al. 1997; Bunn and Arthington 2002),
habitat fragmentation (Nilsson et al. 2005; Perkin and Gido 2011), water quality declines
(Dudgeon et al. 2006; Geist 2011), and the introduction of non-native species (Rahel
2000; Jelks et al. 2008) have been linked to declines in the distribution and abundance of
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native species and biodiversity of freshwater ecosystems. As a result of human actions,
many freshwater organisms are imperiled and biodiversity of freshwater ecosystems is
declining worldwide (Xenopoulos et al. 2005; Dudgeon et al. 2006).
Anthropogenic alterations are especially pervasive in streams of the Great Plains in
central United States. Many streams in this region have dynamic hydrology, including
frequent flooding and drying (Dodds et al. 2004), but Great Plains fishes have adapted to
persist in areas with dynamic flows in part by adapting to depend on specific habitats (e.g.
refugia) to survive disturbances (Bramblett et al. 2005). Suitable reproductive conditions
must also return following a disturbance to ensure fish can reproduce before the next disturbance (Fausch and Bestgen 1997). Human alterations including the construction of
impoundments, agricultural water withdrawals, and eutrophication from run-off associated with row-crop agriculture have limited the abundance and quality of these habitats
(Dodds et al. 2004). As a result of anthropogenic actions, the distribution and abundance
of many species, including Topeka shiner (Notropis topeka) have declined and the biota
of these streams are among the most endangered in the United States (Dodds et al. 2004).
The Topeka shiner is an endangered cyprinid native to small streams throughout the
Great Plains including Iowa, Kansas, Minnesota, Missouri, Nebraska, and South Dakota
(Minkley and Cross 1959; Tabor 2002; Wall and Berry 2004), but their abundance has
declined and their distribution has been reduced to about 10% of the original size (Cross
and Collins 1995; Schrank et al. 2001; Tabor 2002). These declines have been attributed
to a variety of human-mediated habitat changes including agricultural runoff (Cross and
Moss 1987; Pflieger 1997), impoundments and habitat fragmentation (Pflieger 1997;
Schrank et al. 2001; Bouska and Paukert 2010), urban development (Tabor 2002), and
the introduction of non-native species including largemouth bass (Micropterus salmoides)
(Schrank et al. 2001; Mammoliti 2002; Gido et al. 2004).
Identifying abiotic and biotic factors associated with species occurrence (e.g. presence or absence) is crucial for developing successful conservation and management
strategies for imperiled species (Poff 1997). However, few studies have quantitatively
examined the relationship between Topeka shiner distribution and abiotic and biotic
stream characteristics. In one of the only quantitative examinations of the role of abiotic
and biotic stream characteristics on Topeka shiner distribution, Schrank et al. (2001)
found that Topeka shiner extirpation in Kansas streams was associated with increase in
the relative abundance of largemouth bass, greater number of small impoundments in
the watershed, and larger pool lengths. These findings provided valuable information
for the conservation and management of Topeka shiner populations in Kansas. However, they only offer insight based on one summer of sampling, and the relationship
between abiotic and biotic characteristics and species presence is rarely static, often
varying both spatially and temporally (Allen and Starr 1982; Poff 1997). Additionally,
Schrank et al. (2001) relied on species richness and diversity indices to examine the
relationship between fish assemblage and Topeka shiner occurrence. Whereas indices
are helpful in summarizing data and comparing fish assemblages, they provide little
insight on how assemblages vary or the species responsible for such variation (Kwak
and Peterson 2007).
In this study, we evaluated trends in Topeka shiner abundance and distribution over a
relatively long temporal scale (1995–2008) and identified abiotic and biotic factors associated with Topeka shiner occurrence. Specifically, we examined the relationship between
Topeka shiner occurrence and fish assemblage, in-stream habitat, and landscape-level
habitat factors. We then identified the species and habitat metrics linked to the occurrence
of Topeka shiner.
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Methods
The Mill Creek watershed is located in Wabaunsee County in the Flint Hills region of
eastern Kansas (Figure 1) and has the highest known extant densities of Topeka shiners in
Kansas (Cross and Collins 1995; Kerns and Bonneau 2002). Streams in this region are
characterized by limestone, shale, and gravel substrates; grassland and prairie vegetation;
and variable flows (Zimmerman 1993; Dodds et al. 2004). Historically, the watershed
was dominated by tallgrass prairie but is now dominated by cropland and cattle grazing
with numerous small impoundments (Dodds et al. 2004; Samson et al. 2004).
Fish collections and habitat measurements were made at a total of 34 sites in the Mill
Creek watershed between May and July of 1995, 2003, and 2008. Sites were selected to
ensure they were widely distributed throughout the Mill Creek watershed and to ensure
variation in the amount of upstream drainage area controlled by small dams. All sites
were less than 1 km long. Landowner permission could not be obtained for all sites

Figure 1. Map of the Mill Creek watershed with the locations of sites sampled in 1995 (diamond),
2003 (circle), and 2008 (triangle).
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located on private property in 2003 and 2008 and, as a result, samples were collected from
34 sites in 1995, 26 sites in 2003, and 28 sites in 2008.
Fishes were collected from three to five pools at each study site by the Kansas Department of Wildlife, Parks, and Tourism Stream Assessment and Monitoring Program using
a 6.1 m  1.2 m (3.2 mm mesh) seine. At least three seine hauls were conducted in each
pool. To ensure fish communities were accurately sampled, additional seine hauls were
performed in large pools until no new species were collected. All captured fishes were
identified, enumerated, and released.
In-stream habitat attributes were measured along three evenly spaced transects at each
pool in 2003 and 2008. Pool depth was quantified to the nearest 1.0 cm at three equidistant points along each transect. Mean depths were calculated for each pool by dividing
the sum of all depth measurements for each pool by the number of measurements
recorded at each pool. Wetted width of each transect and total pool length were measured
to the nearest 0.1 m. Mean wetted width was calculated for each pool by dividing the
sum of all width measurements for each pool by the number of width measurements at
each pool. Mean wetted widths were multiplied by total pool length to calculate the area
of each pool. Substrate was visually estimated using a modified Wentworth scale and the
most abundant substrate of silt, sand, gravel, pebble, cobble, or bedrock was recorded for
each pool (Cummins 1962). Percent dominant substrate was calculated for each site by
dividing the number of pools at a site with a given substrate by the total number of pools
sampled at a site. Wetted width and pool length were the only in-stream habitat characteristics measured in 1995; consequently, analyses involving in-stream habitat data were
only calculated using data collected in 2003 and 2008.
Landscape-level metrics were examined for each site at the catchment level and calculated for 2003 and 2008 using ArcGIS 10.0 (ESRI, Redlands, CA). Catchment boundaries were calculated using the USGS National Hydrography Dataset (NHD). The small
impoundments layer associated with the NHD was used to calculate the number and area
of small impoundments in each catchment. Land use, measured as the area of agriculture,
grassland, forestland, and urban land, was calculated using the National Landcover Database (2006). To control for variation in catchment size, impoundment area and land use
areas were converted to proportional areas of the catchment, and number of impoundments and total road length were converted to densities for each catchment by dividing
the respective values by total catchment area.
Data analysis
Sites were differentiated a priori into two groups based on Topeka shiner occurrence
(presence or absence) to facilitate comparisons between sites with and without Topeka
shiners. Percent composition was calculated for each fish species by dividing the abundance of each species by the total abundance at each site. Prior to analyses, percent compositions (Table 1) were arcsine square root transformed and all continuous variables
(Table 2) were log(x þ 1) transformed. Species accounting for <1% of the overall catch
among all years of the study were excluded from further analyses except for largemouth
bass. As Topeka shiner occurrence was used to determine site status, they were excluded
from assemblage analyses. An analysis of variance (ANOVA) was used to examine if
mean Topeka shiner relative abundance differed among years. We used a significance
level of 0.05 to determine the significance for all analyses.
The percent similarity index was calculated to compare fish assemblages between
sites with and without Topeka shiner and among years. The percent similarity index uses
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Table 1. Mean relative abundance (standard errors in parentheses) for fishes representing greater
than 1% of the overall catch and largemouth bass. Percent composition for all years combined is
given as % Abundance. ‘TS status’ indicates if values were calculated from sites where Topeka
shiners were present or sites where they were absent.
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Species

% Abundance TS status

Common shiner

21.2

Central stoneroller

15.9

Southern redbelly dace

13.9

Redfin shiner

13.2

Red shiner

10.8

Creek chub

7.0

Rosyface shiner

4.5

Bluntnose minnow

3.5

Topeka shiner

1.6

Largemouth bass

0.7

Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

1995

2003

2008

Total

19.9 (3.7)
16.9 (4.8)
11.1 (1.7)
23.1 (4.5)
14.7 (4.2)
11.9 (3.6)
7.0 (2.2)
4.9 (2.4)
17.2 (4.8)
7.7 (3.4)
6.1 (2.6)
12.2 (3.2)
7.8 (3.1)
6.5 (3.7)
6.9 (2.1)
3.0 (1.7)
1.5 (0.4)
–
0.3 (0.1)
2.3 (1.7)

26.0 (3.7)
16.7 (7.3)
8.9 (2.6)
25.0 (6.3)
10.5 (2.1)
17.8 (7.2)
22.4 (3.5)
12.7 (2.6)
12.8 (3.2)
3.6 (1.9)
3.3 (1.0)
12.2 (3.4)
3.0 (1.0)
0
3.8 (1.0)
1.5 (0.7)
3.3 (0.9)
–
0.5 (0.3)
0

21.2 (3.2)
23.7 (7.5)
13.6 (2.8)
24.2 (6.8)
18.8 (4.5)
11.9 (8.0)
16.0 (3.8)
15.3 (4.2)
11.3 (3.9)
4.8 (1.8)
5.5 (1.2)
6.6 (2.8)
3.0 (1.2)
3.6 (2.8)
2.4 (0.8)
1.0 (0.4)
2.7 (1.1)
–
0.3 (0.1)
1.3 (0.6)

22.5 (2.0)
18.9 (3.5)
11.1 (1.4)
23.8 (3.2)
14.5 (2.1)
13.0 (3.2)
15.5 (2.1)
9.4 (3.5)
13.7 (2.3)
6.1 (1.9)
4.9 (1.0)
10.5 (2.0)
4.5 (1.1)
4.4 (2.1)
4.3 (0.8)
2.1 (0.9)
2.6 (0.5)
–
0.4 (0.1)
1.6 (0.9)

percent composition values from each site to create similarity index values from 0 (no
similar species) to 100 (all species in common; Ludwig and Reynolds 1989; Kwak and
Peterson 2007). Species richness and Shannon diversity indices (Krebs 1989) were also
calculated for each site to further compare fish assemblages between sites with and without Topeka shiners. Two-way factorial ANOVA was used to determine if mean species
richness and diversity differed by site status (presence or absence of Topeka shiners) and
among years. We used a chi-square test to determine if the proportion of sites with
Topeka shiners varied among years.
We used two stepwise discriminant function analyses (DFA) to determine if (1) variation in fish assemblages and (2) variation in in-stream and landscape habitats could be
used to differentiate between sites with or without Topeka shiners. Standardized discriminant coefficients were calculated for both the fish and habitat DFA and used to identify
which fish species or habitat variables were most important for differentiating between
sites with and without Topeka shiner. Wilks’ lambda was used to identify variable significance for both DFAs.

Results
A total of 48,855 fish representing 31 species, including Topeka shiner, were captured
among all three years of sampling. Twenty-two species were captured at least once during
each year of sampling. Nine species, including Topeka shiner, accounted for at least 1%
of the overall catch (Table 1). Common shiner (Luxilus cornutus) was the most abundant
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Table 2. Percent dominant substrate and mean (standard errors in parentheses) for dominant substrate and in-stream, landscape, and anthropogenic habitat factors at sites with and without Topeka
shiners in 2003 and 2008. ‘TS status’ indicates if values were calculated from sites where Topeka
shiners were present or sites where they were absent.
Variable
Dominant substrate
Silt (%)
Sand (%)

Downloaded by [University of Missouri Columbia] at 07:43 20 March 2014

Gravel (%)
Pebble (%)
Bedrock (%)
In-stream
Depth (m)
Pool width (m)
Pool length (m)
Land Use
Agriculture (%)
Grassland (%)
Forest (%)
Urban land use (%)
Anthropogenic
Impoundment area (%)

TS status

2003

2008

Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

5.3
28.6
5.3
0.0
73.7
42.9
5.3
14.3
10.5
14.3

11.1
10.0
5.6
10.0
61.1
30.0
0.0
0.0
22.2
50.0

Present
Absent
Present
Absent
Present
Absent

1.5 (0.1)
1.7 (0.4)
12.9 (1.2)
11.0 (3.0)
70.5 (4.9)
63.4 (4.0)

1.8 (0.1)
1.7 (0.2)
25.5 (1.7)
24.8 (2.2)
171.3 (26.0)
131.7 (21.5)

Present
Absent
Present
Absent
Present
Absent
Present
Absent

9.7 (0.8)
11.5 (0.9)
82.8 (0.9)
80.8 (1.1)
6.7 (6.7)
6.3 (0.5)
0.4 (0.1)
1.7 (0.1)

9.6 (0.7)
9.2 (0.3)
82.7 (0.9)
84.0 (1.2)
6.8 (0.3)
6.6 (0.3)
0.4 (0.1)
1.8 (0.1)

Present
Absent

0.4 (0.1)
0.7 (0.1)

0.5 (0.1)
0.6 (0.1)

species among all years and the five most abundant species accounted for 75.1% of the
total capture among years (Table 1).
A total of 690 Topeka shiners were captured between 1995 and 2008. Topeka shiner
was the ninth most abundant species and represented 1.6% of all the fishes caught
(Table 1). Mean Topeka shiner relative abundance varied from 0.8% of the catch in 1995
to 2.6% in 2003 but did not differ among years (ANOVA, p ¼ 0.076, Figure 2a). The proportion of sites where Topeka shiners were captured ranged from 50.0% (17/34) in 1995
to 76.9% (20/26) in 2003, but did not differ among years (chi-square, p ¼ 0.086;
Figure 2b).
Over the course of the study, fish assemblages at sites with and without Topeka shiner
were 80.7% similar as determined using the percent similarity index. Some species were
common among sites with and without Topeka shiner, including central stoneroller (Campostoma anomalum), creek chub (Semotilus atromaculatus), and N. cornutus which were
all found at more than 90% of all sites. Despite these similarities, fish assemblages at sites
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Figure 2. (a) Mean Topeka shiner relative abundance (SE) among the three years of the study.
(b) Total number of sites sampled during each year of the study with the number of Topeka shiner
present (grey) and Topeka shiner absent (white) indicated for each year.

where Topeka shiners were present had higher species richness (p < 0.001) and diversity
(p < 0.001) compared to sites without Topeka shiners (Table 3).
The first axis of the fish assemblage DFA explained 47.8% of the variance between
sites with and without Topeka shiner (Figure 3). Relative abundance for three (central
Table 3. Mean (standard errors in parentheses) yearly and overall species richness and species
diversity values for sites with and without Topeka shiners. ‘TS status’ indicates if values were
calculated from sites where Topeka shiners were present or sites where they were absent.
Community index
Species richness
Species diversity

TS status

1995

2003

2008

Overall

Present
Absent
Present
Absent

12.9 (0.8)
9.4 (0.7)
1.7 (0.2)
1.5 (0.2)

13.7 (0.7)
11.2 (1.7)
1.7 (0.3)
1.5 (0.5)

13.9 (0.7)
10.1(0.9)
1.7 (0.3)
1.3 (0.5)

13.5 (1.4)
9.9 (0.6)
1.4 (0.4)
1.7 (0.3)
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Figure 3. Canonical discriminant function analysis of fish assemblage at Topeka shiner present
and absent sites in 1995 (circles), 2003 (triangles), and 2008 (squares). Solid symbols represent
sites without Topeka shiners whereas hollow shapes indicate sites where Topeka shiners were
captured.

stoneroller, largemouth bass, and rosyface shiner (Notropis rubellus)) of the eight dominant species were significant contributors for the first axis of the fish assemblage DFA
(Table 4). The first discriminant primarily differentiated Topeka shiner present sites from
Topeka shiner absent sites (Figure 3). Relative abundance of rosyface shiner tended to be

Table 4. Standardized discriminant function coefficients for species and habitat factors retained in
discriminant function analysis (DFA) examining variation in fish assemblage or habitats among
years and between sites with and without Topeka shiners. Values in bold are significant and were
retained for each axis.
Species

Axis 1

Axis 2

Fish assemblage DFA
Bluntnose minnow
Central stoneroller
Largemouth bass
Redfin shiner
Rosyface shiner

0.099
0.824
0.981
0.412
0.523

0.792
0.390
0.542
0.684
0.125

Habitat DFA
Bedrock substrate
Gravel substrate
Impoundment area
Pebble substrate
Pool length
Urban land use

0.613
0.243
0.012
0.722
0.827
0.108

0.175
0.691
0.564
0.012
0.261
0.812
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higher at sites with Topeka shiner whereas relative abundance of central stoneroller and
largemouth bass were generally higher at sites without Topeka shiners (Table 1).
The second axis of the fish assemblage DFA explained the 29.1% of variation between
sites with and without Topeka shiner. Bluntnose minnow (Pimephales notatus) and redfin
shiner (Lythrurus umbratilis) relative abundance were the only factors that were significant
contributors in the second axis of the fish assemblage DFA, which primarily differentiated
among years (Table 4; Figure 3). Relative abundance of redfin shiner tended to be higher
in 2003 and 2008 than in 1995. In contrast, relative abundance of bluntnose minnow was
higher in 1995 than 2003 and 2008. The misclassification rate of the DFA was relatively
high among all samples (56.3%); however, most misclassifications resulted in sites being
classified into the correct site status category (presence or absence of Topeka shiners) but
with wrong year. Specifically, 82.8% of the misclassified sites where Topeka shiner were
present were misclassified as a present site of a different year whereas 66.7% of the misclassified absent sites were misclassified as absent sites of a different year.
The first axis of the habitat DFA explained 56.8% of the variance among sites with and
without Topeka shiners and among years (Figure 4). Among all habitat variables only bedrock substrate, pebble substrate, and pool length were significant contributors for axis one
(Table 4) which primarily differentiated between samples collected in 2003 and samples
collected in 2008 (Figure 4). Pool lengths tended to be longer, bedrock substrate was more
common, and pebble substrates were less common in 2008 than 2003. The second axis of
the habitat DFA explained 32.3% of the variance among sites and primarily differentiated
between sites with and without Topeka shiners (Figure 4). In general, sites with Topeka
shiners had more gravel substrate and longer pool length whereas sites without Topeka
shiners had more urban land use and greater impoundment area (Table 2; Figure 4). The
overall misclassification rate of the habitat DFA was 31.5% (17/54). Misclassifications in
the habitat DFA predominantly resulted in sites being classified into the correct year but

Figure 4. Canonical discriminant function analysis for the in-stream and landscape level habitat
variables at Topeka shiner present and absent sites in 2003 (triangles), and 2008 (squares). Large triangles and squares indicate group centroids for 2003 and 2008 respectively. Solid symbols represent
sites without Topeka shiners whereas hollow shapes indicate sites where Topeka shiners were
captured.
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the wrong site status (Topeka shiner presence or absence). Specifically, 70.6% (12/17) of
the misclassified sites were assigned to the correct year but wrong site status.
Discussion
Fish assemblages at sites with and without Topeka shiners shared many common species
that were found in high abundances at most sites. Many of these species (e.g. common
shiner, central stoneroller) were habitat generalists that can tolerate a range of habitat conditions (Pflieger 1997). The presence of ubiquitous species, especially generalist species,
among all sites is common at relatively small spatial scales and is likely an indication that
the streams we sampled had many similar attributes (Jackson et al. 2001). Despite these
similarities, we did identify differences among fish assemblages at sites with and without
Topeka shiners. Specifically, we found that sites with Topeka shiners had higher relative
abundances of rosyface shiners whereas sites without Topeka shiners had higher relative
abundances of central stonerollers and non-native largemouth bass.
Increased relative abundance of largemouth bass, a top predator, at sites without
Topeka shiners is consistent with the findings of other studies (Schrank et al. 2001;
Winston 2002) and is consistent with hypothesized relationships between introduced largemouth bass and declines in susceptible prey (Tabor 2002; Mammoliti 2002). Knight and
Gido (2005) found that largemouth bass did not preferentially forage on Topeka shiners
over other native cyprinids; however, because Topeka shiners generally have lower mean
abundances than other native cyprinids it may take less predation pressure to cause their
extirpations relative to other cyprinids (Rahel 2007). Surprisingly, no largemouth bass were
captured from the seven sites without Topeka shiners in 2003 suggesting the absence of
Topeka shiners may not be a direct result of largemouth bass presence and predation.
Instead, relative abundance of largemouth bass, along with rosyface shiner and central
stoneroller, may vary between sites with and without Topeka shiners for other reasons such
as habitat differences or sedimentation tolerances. Topeka shiners and rosyface shiners
both prefer low turbidity streams with clean sand, gravel, and bedrock substrates, and are
intolerant to sedimentation (Cross and Collins 1995; Pflieger 1997). In contrast, central
stoneroller and largemouth bass occur in a variety of habitat conditions and are more tolerant to turbidity and sedimentation (Cross and Collins 1995; Etnier and Starnes 1993;
Pflieger 1997). The variation in relative abundance of these species between sites with and
without Topeka shiners may be an indication of habitat differences among these sites.
We found that habitat varied among sites with and without Topeka shiners and that
Topeka shiners absence was associated with increased proportional urban land use,
increased proportional impoundment area, and greater mean stream width. Habitat
changes are among the most common forms of stream degradation and the habitat of
many streams we sampled have been altered by humans either directly (e.g. impoundments), indirectly (e.g. urban runoff), or both. The relationship between proportional
impoundment area and stream morphology are similar to the results of Schrank et al.
(2001) but our study is the first, to our knowledge, to quantitatively link Topeka shiner
distribution to urban land use.
Urban land use can impact stream ecosystems in many ways, including changes to
many factors that have been linked with Topeka shiner distribution, such as water quality
(Hatt et al. 2004; Walsh et al. 2005), stream hydrology (Hirsch et al. 1990; Roy et al.
2005), and channel morphology (MacRae and Rowney 1992; Paul and Meyer 2001).
Because urban land use can alter many aspects of stream habitat and function, it may lead
to extirpations of native species and widespread shifts in fish assemblage structure and
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function (Roy et al. 2005; Wang and Lyons 2003). Although the amount of urban land
use is relatively low (<2%) in the Mill Creek watershed, it was a significant factor associated with the absence of Topeka shiners. These results were consistent with other studies
that found that rare and sensitive species are more susceptible to changes in urban land
use than other fishes and may decline or become extirpated with watershed proportional
urban land use of 5% or less (Angermeier et al. 2004; Roy et al. 2005). As proportional
urban land use approaches 10%, widespread declines in non-tolerant native species may
occur (Angermeier et al. 2004; Marchetti et al. 2006), leading to lower species richness
and diversity in watersheds where urban land is more prevalent (Roy et al. 2005; Wang
and Lyons 2003). We found that fish community species richness and diversity were both
higher at sites with Topeka shiners compared to the absent sites potentially indicating
that urban land use is impacting other fishes in the Mill Creek watershed.
Sites without Topeka shiners had higher proportional impoundment area than sites
with Topeka shiners. Increased proportional impoundment area may affect Topeka shiner
populations by transforming habitats, increasing fragmentation, and altering stream
hydrology (Winston et al. 1991; Nilsson et al. 2005). Additionally, increased impoundment area may compound the effect of urbanization and pose an additional pressure to
native fishes by facilitating the establishment and abundance of largemouth bass and other
non-native species (Boet et al. 1999; Poff et al. 2007). The relationship between
increased proportional impoundment area and Topeka shiner absence is similar to the
findings of studies examining Topeka shiners (Schrank et al. 2001) and other native Great
Plains fishes in Illinois (Taylor et al. 2001), Oklahoma (Wilde and Ostrand 1999), and
Texas (Winston et al. 1991). Conservation and management efforts targeting Topeka
shiners may need to consider the distribution and abundance of impoundments and the
possible limitations that may be associated with their presence.
Topeka shiner populations in Kansas have been reduced to about 10% of their historical
area (Cross and Collins 1995; Schrank et al. 2001; Tabor 2002) but our results suggest
that Topeka shiner population distribution may be stable in the Mill Creek watershed. Topeka
shiner was the ninth most abundant species captured over the course of the study and
Topeka shiner relative abundance was similar among all years of this study, suggesting that
Topeka shiner relative abundance may not be decreasing in the Mill Creek watershed.
Whereas our results indicate that Topeka shiner populations are relatively stable in the Mill
Creek watershed, monitoring of populations outside the Mill Creek watershed may be needed
to see if similar trends are occurring in other reaches. Topeka shiners in Kansas streams have
declined greatly in the last 100 years (Cross and Collins 1995; Schrank et al. 2001; Tabor
2002) and continued monitoring of Topeka shiners throughout their range may help thwart
future declines and help Topeka shiners repatriate areas where they were once common.
The results of this study are built on the study by Schrank et al. (2001) to include data
to detect long-term trends in Topeka shiner abundance. Our findings support the results
of the previous short-term (one summer) study by Schrank et al. (2001), but we found
similar patterns evident over a 13-year temporal scale suggesting that the effects of land
use and non-native fishes are prevalent over long time periods. Stream habitats and fish
assemblages can vary substantially over time (Allen and Starr 1982; Poff 1997), and
repeated sampling over longer temporal scales may lead to better information for management and conservation decisions. The consistent importance of small impoundments
and largemouth bass presence indicates that anthropogenic actions may be one of the primary factors determining Topeka shiner distribution. Additionally, we found that sites
with Topeka shiners had lower proportional area of urban land use in their watershed, further indicating that anthropogenic habitat changes may affect Topeka shiner abundance.
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Although we found that metrics associated with human activity in and around streams
(e.g. urban land and impoundments) are linked to the absence of Topeka shiners, conservation and rehabilitation efforts may help minimize the anthropogenic impact on Topeka
shiners and other native fishes in these streams. For example, establishing riparian buffers
around streams may reduce the impact of urbanization and agricultural practices on these
streams (Wang et al. 2001; Herringshaw et al. 2010). By identifying factors associated
with the presence and absence of Topeka shiner populations this study may help managers conserve current Topeka shiner populations and identify sites for future reclamation
and conservation efforts. Further, our results indicate that anthropogenic actions alter
Topeka shiner presence and the inclusion of such factors may be useful when developing
conservation and management strategies designed to protect Topeka shiners and other
native fishes from further declines.
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