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We sampled fishes monthly from November 2000 to October 2001 at four gravel bar

sites along a 34-km stretch of the upper Neosho River in Lyon County, Kansas.  We

assessed the potential for interspecific competition among stream fishes, with focus

on the federally threatened Neosho madtom, Noturus placidus, by using Pearson’s

correlation analysis with sequential Bonferroni correction of alpha to examine

relationships among fish densities.  Of the 19 fish species analyzed, there were six

significant positive and no significant negative correlations.  Abundance of N. placidus

did not vary significantly with total abundance of fishes or with abundance of any of

these potential competitors.  The lack of significant negative correlations at these sites

at this time might reflect an assemblage in equilibrium or one controlled abiotically

rather than by ongoing active competition.
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INTRODUCTION

Several studies have addressed competition in

stream fish assemblages (e.g. Matthews 1982;

Roell and Orth 1994; Grossman et al. 1998),

but only one (Wildhaber, Allert and Schmitt

1999) has focused on potential interspecific

competition with the federally threatened

Neosho madtom Noturus placidus.  This

small (generally <75 mm in total length)

ictalurid presently is distributed

discontinuously in the Neosho (Grand) -

Spring River system, which is located within

the Prairie Parkland Province and Ozark

Upland Province ecoregions in Kansas,

Missouri and Oklahoma (Wildhaber, Allert

and Schmitt 1999).  Individuals typically are

found in riffles and sloping gravel bars in

moderate current, and prefer deposits of

loosely compacted gravel where they

nocturnally feed on insects (USFWS 1991;

Cross and Collins 1995).  The U.S. Fish and

Wildlife Service (USFWS) listed N. placidus

as threatened in 1991 (55 FR 21148), and

suggested that populations might be limited

by competition for resources (e.g. food and

habitat) with other fishes (USFWS 1991).  To

address this question, Wildhaber, Allert and

Schmitt (1999) sampled 12 gravel bars in the

Neosho (from near the confluence with the

Cottonwood to the Grand Lakes of the

Cherokees) and Cottonwood (near Emporia,

Kansas) rivers, and 20 gravel bars in the

Spring River (downstream from its
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confluence with its North Fork to the Grand

Lakes of the Cherokees).  They concluded

that interspecific competition was not

limiting N. placidus populations based on

positive correlations between densities of N.

placidus and other stream fishes with habitat

preferences similar to those of N. placidus

(e.g. suckermouth minnow Phenacobius

mirabilis, juvenile channel catfish Ictalurus

punctatus, and slenderhead darter Percina

phoxocephala).

Many fishes inhabiting the Neosho River

system potentially are interspecific

competitors for resources (Wildhaber, Allert

and Schmitt 1999), and their presence

suggests that competition could limit N.

placidus populations.  Noturus placidus

densities are generally higher in the

Cottonwood and Neosho rivers than in the

Spring River (Wilkinson et al. 1996;

Wildhaber, Allert and Schmitt 1999); within

the Neosho River, densities are higher in the

upper Neosho (upstream from its confluence

with the Cottonwood) than in the lower

Neosho (Wildhaber, Tabor et al. 2000).  We

asked whether the patterns observed by

Wildhaber, Allert and Schmitt (1999) would

hold for the upper portion of the Neosho

River based on the premise that higher

densities result in greater potential for

interspecific competition (Strange, Moyle

and Foin 1992).  We examined correlations

among densities of stream fishes, with focus

on N. placidus, in the upper Neosho River.

Little is known of potential interspecific

competition with N. placidus in the upper

Neosho; therefore, this study could aid the

species’ recovery.

MATERIALS AND METHODS

We sampled fishes monthly from November

2000 to October 2001 on four gravel bars

along a 34-km stretch of the upper Neosho

River in Lyon County, Kansas (Fig. 1).  This

segment of the Neosho River lies within the

Prairie Parkland Province Ecoregion
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(Chapman et al. 2001), and is a 5th order

stream with a mean gradient of 0.54 m/km.

To maximize the probability that N. placidus

would be collected, collection sites were

selected based on the presence of a gravel bar

composed mainly of gravel < 64 mm in size

(Fuselier and Edds 1994; Wildhaber, Allert

and Schmitt 1999).

Depending on depth (depths >1.25 m were not

sampled) and landowner permission, three to

five cross-channel transects perpendicular to

the river channel were spaced equally along

each gravel bar, and up to five sampling points

were spaced equally along each transect.  At

each point, we collected fishes from a 4.5 m
2

area by disturbing the gravel substrate 3 m

upstream from a stationary 1.5 m long, 3 mm

mesh seine.  To minimize disturbance, we

sampled transects from downstream to

upstream, and points from near shore to far

shore.  All fishes were identified and counted

upon completion of a point, and were released

upon completion of a site.

We pooled point data for each month at each

site, and calculated mean total abundance of

Figure 1. Sampling sites along the Neosho

River in Lyon County, Kansas.
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fishes per 100 m2, in addition to mean

abundance of individual fish species per 100

m2.  We assumed that potential competitors

were equally vulnerable to capture by our

sampling method (Wildhaber, Allert and

Schmitt 1999).  We eliminated fishes

occurring in < 5% of the samples (< two

samples) from analyses (Gauch 1982).  We

compared densities at the site level to assess

potential competition among fish species.

Because of multiple tests, sequential

Bonferroni correction of a standard α = 0.05

was applied to help control overall

experimental Type I error (Rice 1989).  All

statistical tests were conducted using SYSTAT

for Macintosh, Version 5.2 (SYSTAT, Inc.,

Evanston, IL).  Distribution of means was

evaluated for normality using the Shapiro-

Wilk test (Zar 1999), and for homogeneity of

variance using Levene’s test (Milliken and

Johnson 1984); non-normal variables were

log10 transformed (Zar 1999).  We used one-

way analysis of variance (ANOVA) to test for

differences in mean fish abundance among

sites, and Pearson’s correlation analysis to

assess correlations among non-zero fish

densities (Wildhaber, Allert and Schmitt

1999).

RESULTS

We collected 26 fish species representing 15

genera and nine families from 45 samples

(Site 3 was frozen in December, January, and

February).  Seven species occurred in < two

samples, leaving 19 species for analysis

(Table 1).  Mean total abundance of fishes was

315.1 (SE = 464.0) fish per 100 m2.  Mean

individual species’ abundance ranged from 1.2

(SE = 0.2) per 100 m2 (longear sunfish

Lepomis megalotis) to 120.1 (SE = 223.7)

per 100 m2 (red shiner Cyprinella lutrensis);

mean N. placidus abundance was 3.6 (SE =

1.8) per 100 m2 (Table 1).

ANOVAs did not indicate significance by site

for total abundance of fishes or for any of the

19 species, thus allowing meaningful

comparisons by Pearson’s correlation

analysis.  With sequential Bonferroni

adjustment of alpha, there were six significant

positive and no significant negative

correlations (Table 2).  At α = 0.05, there

were an additional 12 (nine positive and three

negative) correlations (Table 2).  There were

no significant correlations between N.

placidus abundance and total abundance of

fishes or with abundance of any of the other

18 fish species (range: P = 0.14 to P = 0.96).

DISCUSSION

Even though some degree of competition

among fishes undoubtedly occurs on a gravel

bar, and changes with differing physical

conditions (Fausch and White 1986),

coexisting species can segregate into distinct

microhabitats and partition resources (Ross

1986; Matthews 1998).  Strange, Moyle and

Foin (1992) suggested that deterministic

(density-dependent) factors, including

interspecific competition, occur when

stochastic (density-independent) factors,

including natural and anthropogenic

disturbances, are not occurring.  In our study,

the only significant correlations were

positive, suggesting limited interspecific

competition among stream fishes at these

sites at this time.  All 11 species having

significant correlations (Table 2) inhabit

streams with permanent flow, moderate

gradient, and gravel substrate, but can utilize

different resources (Cross and Collins 1995;

Pflieger 1997).  Through coexistence, the

fish assemblage might have evolved to where

each species now demonstrates slight

differences in food (e.g. size or timing of

food eaten) or habitat preferences (e.g.

velocity or substrate composition), thus

reducing the level of competition (Matthews

1998).  The lack of significant negative

correlations likely reflects abiotic control

(Grossman, Moyle and Whitaker 1982) or an

evolved equilibrium (e.g. non-linear

competitive hierarchies) in resource

partitioning among members of the
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Table 1. Fish species and their mean abundances per 100 m2 (standard error) collected in the upper

Neosho River, November 2000 to October 2001.  Asterisks (*) indicate species that occurred in <

5% of the 45 samples (< two samples) and were excluded from analysis.
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assemblage (Connell 1980) rather than

ongoing active competition.  Differentiation

between these two premises was beyond the

scope of the present study.

Wildhaber, Tabor et al. (2000) reported

greater mean overall densities of N. placidus

(number per 100 m
2
) in the upper Neosho

(19.8) than in the lower Neosho (5.6).  Their

collections were made between August and

October, a time when N. placidus densities

are typically highest due to young-of-year

recruitment (Moss 1983; Wilkinson et al.

1996).  Our mean density of 3.6 was

calculated from monthly collections

throughout the year.  Fuselier and Edds

(1994), sampling throughout the year,

reported a density of 3.3 in the Cottonwood

River.  Bulger and Edds (2001), sampling

from April to October, recorded a density of

4.5 in the upper Neosho and 1.9 in the

Cottonwood.  Other reports of N. placidus

densities in the Neosho River mainstem did

not differentiate upper and lower portions of

the river, including Moss (1983) with 11.7

from July to October, Wenke et al. (1992)

with 6.8 in December and March, Eberle and

Stark (1995) with 22.3 in October, and

Wildhaber, Allert and Schmitt (1999) with

12.0 from August through October.  Densities

in Spring River are generally lower (Edds and

Dorlac 1995 with 0.9; Wilkinson et al. 1996

with 2.4; Wildhaber, Allert and Schmitt 1999

with 3.3.).  Differences in densities reported

in these studies could be attributed to

seasonal or annual variation, or to differences

in collectors, sampling efficiency, quadrat

size, or habitat quality.

� Table 2.  Pearson’s correlation analysis [r

(P-value)] between mean site densities of

significant fish species combinations

collected in the upper Neosho River,

November 2000 to October 2001.  Asterisks

(*) indicate correlations significant at

sequential-Bonferroni adjusted alpha value.
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Given the lack of significant negative

correlation, interspecific competition does

not appear to be limiting N. placidus

populations at these sites at this time in the

upper Neosho River, contrary to the

hypothesis of the USFWS (1991).  This

finding is similar to that of Wildhaber, Allert

and Schmitt (1999), who found significant

positive correlations between N. placidus and

three fishes with habitat preferences similar

to those of N. placidus (P. mirabilis, I.

punctatus, and P. phoxocephala) in the

Neosho, Cottonwood, and Spring rivers

combined.  However, they found significant

negative correlations between N. placidus and

three fishes (bluntnose minnow Pimephales

notatus, slim minnow P. tenellus, and

bullhead minnow P. vigilax) with habitat

preferences dissimilar to those of N.

placidus, whereas we found no significant

negative correlations.  Ross (1986) suggested

that more distantly related species (similar to

Pimephales sp. and N. placidus in Wildhaber,

Allert and Schmitt 1999) segregated more on

resources (e.g. space or time) than did closely

related species.

For two species to coexist, they need to

segregate along one or more resources (e.g.

separation of feeding activity), which would

reduce competition to a level at which both

species could persist (Gause 1934).  For

example, Noturus species are dominant food

consumers during the night, whereas other

fishes (e.g. minnow and darters) are dominant

food consumers during the day, thus avoiding

direct competition for food resources (Burr

and Stoeckel 1999).  Noturus placidus

abundance was positively correlated with

macroinvertebrate abundance along the same

stretch of river, but was limited by habitat, as

was macroinvertebrate abundance (Tiemann

2002).  Previous research on N. placidus has

suggested that anthropogenic factors,

including impoundments (Wildhaber, Tabor et

al. 2000; Tiemann 2002), and environmental

contaminants (Wildhaber, Allert et al. 2000),

are limiting N. placidus populations, and

might reduce opportunities for deterministic

biotic interactions, including competition.

Given the influence of these stochastic

factors, it is difficult to assess effects of

deterministic factors on N. placidus

populations in the field; however, additional

research could be conducted in the laboratory

and field to better understand effects of

deterministic factors on N. placidus.
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